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The literature is lavish with publications on the double characteristic of times of crisis. A recurrent
image (and controversial) in texts is that of the Chinese ideogram, which combines expressions of
risk and opportunity. It is controversial because Mandarin scholars consider this transliteration is not
genuine. Nevertheless, the allegory is convenient.

Crises are times when dangers are most latent and also opportune moments for bolder decisions that
can lead to solutions. In other words, they are drivers of change and can lead to progress in different
spheres. But, they can also engender tragedies.

The pandemic of Covid-19 which has befallen the world this year, 2020, is not over and is already showing
us lessons, good and bad. Among the good ones, it is worth mentioning the remarkable mobilization of
science and the realization that this is the best way to anticipate and face threats to life on our planet, and
also the evidence that we must act with a broader vision than just the short term one.

Never has the notion of sustainability, in its most exhaustive, durable and radical sense, been so crystal-
clear! Among the bad lessons, there is an ordeal of examples: the denialism of science; the short-term
selfishness of those who do not give up the immediate profitability of their investments (even if this
implies risks of future losses); the dismantling of the Welfare State; racism and other forms of social
exclusion and the emergence of discourses (political and pseudoscientific) of charlatans, who launch
and propagate miraculous formulas of solutions without any scientific basis.

All this happens at a very particular moment in history. Covid-19 arrived quickly and soon spread,
due to the massive movement of people and goods around the world. A world, marked by the rise of
rulers that are eager to put into practice ideas that go in the opposite direction of ideals of well-being,
solidarity, peace and responsibility, which seemed to be legacies of the 20th century.

The great environmental crisis of industrial society has led to a mobilization of the growing sectors of
society, to make the State, worldwide, a key player in ensuring ecological balance, quality of life and
the environment in general. Since the United Nations Conference on the Human Environment, held in
1972 in Stockholm, the theme has gained a planetary dimension. Gradually, each country was creating
its institutional structures to deal with the environment, and several international protocols and laws
have been established. But, the 21st century has brought negative surprises, especially in recent years.
Two examples are eloquent.

First, the election of tycoon Donald Trump in the United States represents a milestone in the inflexion
of ideals that seemed to be legacies of the previous century. Early on, Trump appointed to head the EPA
(the country’s Environmental Protection Agency), a prominent climate change sceptic (Scott Pruitt),
who tried to minimize the regulatory role of that agency. Due to allegations of scandals, Pruitt had to
resign in 2018, being replaced by Andrew R. Wheeler, a well-known coal industry lobbyist.

The second example comes from Brazil. The election of right-wing extremist Jair Bolsonaro, who

assumed the Presidency of the Republic in 2019, represented a negative shift in the relevance of
controlling deforestation, protecting indigenous peoples, enforcing legislation on environmental
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crimes, control over the use of pesticides, among other setbacks in addressing the environmental
issue. Bolsonaro, who had already fined for violation of environmental standards, chose to dismiss
the head of the National Institute of Space Research - INPE, an internationally recognized body for
its competence when it showed the alarming data on deforestation in the Amazon. In the tellings of
the one chosen for the role of Minister of the Environment, the government should take advantage
of the opportunity opened by the Pandemic of Covid-19, with the press focusing on the theme of
health, to literally “open the gate” and “let the buoy pass”, alluding to the deconstruction of regulatory
instruments and environmental protection practices.

These are two worrying examples, which, unfortunately, cannot be seen as isolated cases. The attitude
of some political leaders in the face of the pandemic also reveals the lack of empathy and responsibility
with exposing people to a disease that can be lethal. Populist temptation seduces tyrants, adventurers
and opportunists. Boris Johnson, in the UK, was only convinced of the seriousness of the problem when
affected by the disease. Trump strives every day to deny reality and tries to shift the responsibility for
the effects of caution to governors who oppose him. In Belarus, the tyrant Lukashenko, in power since
1994, mocks the severity of the pandemic by suggesting that the best prevention is the combination of
sauna and vodka. In Brazil, Bolsonaro insists that the use of chloroquine, which science has proven to
be ineffective and to bring real side effects, solves what he considers a “little flu”.

The discourse around the fact that measures to combat COVID-19 would undermine the economy,
which would be allegedly exaggerated and unnecessary, shows a version of necropolitics outside the
contexts of militarized warfare. A genocide is underway which by the way, is selective.

Never have the principles of responsibility, precaution, and prevention, so dear to sustainable
development, been so current and imperative! Never has the concept of inclusion and respect for the
life of humankind, been so necessary.

In this difficult moment of serious risks and necessary responsible action, Sustainability in Debate
launches, in its second edition of 2020, nine articles in the thematic Dossier “Environmental Systems
Modeling and Landscape Management” and four articles in the Varia section, presented below.

The first article of the section Varia is titled “Linking migration, climate and social protection in Brazilian
semiarid: case studies of Submédio S3o Francisco and Seridd Potiguar “ and proposed by the authors:
Ana Claudia de Almeida, Alisson Flavio Barbieri and Saulo Rodrigues Filho. They analyze the link
between droughts, migrations, and social protection in the Semiarid region, based on the conceptual
discussion around two case studies: The Sdo Francisco Submédio and the Seridd Potiguar.

In the article “ Short-term effect of adding N in the urban rainforest “, the authors Bruno Moraes
Nascimento et al. present the results of an experiment carried out to investigate the effects of nitrogen
addition on soil respiration during five days in the Tijuca Forest.

Authors Victor Marchezini et al., in the article “ Emergency funding public policy for disaster response in
Brazil from 2013 to 2017”, based on data from the Decrees of Emergency Situation and State of Public
Calamity and the costs of disaster relief and response in the country, assess the use and expenditure
of these public policies.

Finally, the article “Climate change and the unsustainable urbanism in the municipality of Jodo Pessoa,
Paraiba, Brazil”, by the authors Leticia Palazzi Perez, Andrea Leal Porto Sales and José Augusto Ribeiro
da Silveira, based on spatial data from the recent deforestation of Jodo Pessoa, analyzes the legal
and socio-environmental characteristics of the city’s urban sprawl and how municipal urban and
environmental policy have catalyzed processes of socio-environmental injustice.

The Editors

Sustainability in Debate - Brasilia, v. 11, n.2, p. 7-8, aug/2020 ISSN-e 2179-9067




Marcel Bursztyn, Melissa Curi
e Carlos Hiroo Saito

Marcel Bursztyn, Melissa Curi, Carlos Hiroo Saito
doi:10.18472/SustDeb.v11n2.2020.33457

A literatura é prédiga em referéncias sobre a dupla caracteristica dos tempos de crise. Uma imagem
frequente (e controvertida) nos textos é a do ideograma chinés, que no caso combina as expressoes risco
e oportunidade. Controvertida por que os estudiosos do mandarim consideram que a transliteracdo
nao é exatamente esta. Em todo caso, a alegoria é conveniente.

Crises sdo momentos em que perigos sao mais latentes; e sdo também momentos que oportunizam
decisdes mais ousadas, que podem conduzir a solugdes. Ou seja, crises sdo portadoras de mudangas e
estas podem levar a progressos em diferentes esferas. Mas podem, também, levar a tragédias.

A crise da pandemia do Covid 19, que se abateu sobre o mundo neste ano de 2020, ainda ndo estd
debelada é ja nos mostra licGes (boas e ruins). Dentre as boas, vale mencionar a notavel mobilizacdo da
ciéncia e a constatacdo de que esta é a melhor forma de antever e enfrentar ameacas a vida no nosso
planeta, e também a evidéncia de que temos de agir com visdo mais ampla do que apenas o curto prazo.

Nunca a nogdo de sustentabilidade, em sua acepgao mais abrangente, durdvel e radical, foi tdo clara!
Dentre as licdes ruins, ha um verdadeiro calvario de exemplos: o negacionismo da ciéncia; o egoismo
curtoprazista dos que ndo abrem mao da rentabilidade imediata dos seus investimentos (mesmo que
isso implique riscos de perdas futuras); o desmonte do Estado de Bem-Estar Social; o racismo e outras
formas de exclusdo social e a emergéncia de discursos (politicos e pseudocientificos) de charlatdes, que
langam e propagam férmulas miraculosas de solu¢ao sem qualquer fundamento cientifico.

Tudo isso acontece em um momento muito particular da histéria. A Covid-19 chegou rapidamente
e logo se propagou, gracas a enorme circulacdo de pessoas e mercadorias pelo mundo. Um mundo
marcado pela ascensdo de governantes dvidos por colocar em pratica ideias que vdo no sentido oposto
aos ideais de bem-estar, solidariedade, paz e responsabilidade, que pareciam ser legados do século XX.

A grande crise ambiental da sociedade industrial provocou uma mobilizacdo de crescentes setores da
sociedade, no sentido de tornar o Estado, em todo o mundo, um ator-chave na garantia do equilibrio
ecoldgico e da qualidade de vida e do meio ambiente em geral. Desde a Conferéncia das Na¢bes Unidas
sobre Meio Ambiente Humano, realizada em 1972, em Estocolmo, o tema ganhou dimensao planetdria.
Aos poucos, cada pais foi criando suas estruturas institucionais para tratar do meio ambiente. Varios
protocolos internacionais foram estabelecidos e legislacdes criadas. Mas o século XXI trouxe surpresas
negativas, principalmente nos anos recentes. Dois exemplos sdao eloquentes.

Primeiramente, eleicdo do magnata Donald Trump, nos Estados Unidos, representa um marco na inflexdao dos
ideais que pareciam ser legados do século anterior. Logo de inicio, Trump nomeou para dirigir a EPA (a Agéncia
de Protecdo Ambiental do pais) um proeminente cético das mudangas climaticas (Scott Pruitt), que tratou de
minimizar o papel regulatério daquele organismo. Em razdo de denuncias sobre escandalos, Pruitt teve de
renunciar em 2018, sendo substituido por Andrew R. Wheeler, conhecido lobista da industria do carvao.

O segundo exemplo vem do Brasil. A eleicdo do extremista de direita Jair Bolsonaro, que assumiu

a Presidéncia da Republica em 2019, representou uma forte guinada negacionista da relevancia
do controle do desmatamento, da protecdo aos povos origindrios, da aplicacdo da legislacdo sobre
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crimes ambientais, do controle sobre o uso de agrotéxicos, dentre outros recuos do enfrentamento da
guestdo ambiental. Bolsonaro, que ja havia sido autuado por violagdo de normas ambientais, optou
por demitir o dirigente do Instituto Nacional de Pesquisas Espaciais — INPE, organismo reconhecido
internacionalmente pela sua competéncia, quando este mostrou os alarmantes dados sobre
desmatamento na Amazdnia. Nos dizeres daquele que foi escolhido para a funcao de Ministro do Meio
Ambiente, o governo deveria aproveitar a oportunidade aberta pela pandemia do Covid-19, quando a
imprensa estd focada no tema da saude, para literalmente “abrir a porteira” e “deixar a boiada passar”,
em alusdo a desconstrugdo dos instrumentos regulamentares e das praticas de protecdo ambiental.

Sado dois exemplos preocupantes, que infelizmente ndo podem ser vistos como casos isolados. A
atitude de alguns dirigentes politicos, diante da pandemia, também revela a falta de empatia e de
responsabilidade frente aos riscos da exposicao das pessoas a uma enfermidade que pode ser letal.
A tentacdo populista seduz tiranos, aventureiros e oportunistas. Boris Johnson, no Reino Unido, sé
se convenceu da gravidade do problema quando ele préprio foi acometido pela doenca. Trump se
esforga, a cada dia, em negar a realidade e em tentar transferir a responsabilidade sobre os efeitos da
precaucdo aos governadores que lhe fazem oposicdao. Na Belarus, o tirano Lukascenko, no poder desde
1994, ironiza a gravidade da pandemia, ao sugerir que a melhor prevencdo é a combinacdo de sauna
e vodka. No Brasil, Bolsonaro insiste que o uso da cloroquina, que a ciéncia comprovou ser ineficaz e
trazer efeitos colaterais graves, resolve o que ele considera uma “gripezinha”.

O discurso de que a economia estd sendo prejudicada pelas medidas de combate ao covid-19, que
seriam alegadamente exageradas e desnecessdrias, mostra uma versdo da necropolitica fora dos
contextos de guerra militarizada. Um genocidio se encontra em curso, que por sinal é seletivo.

Nunca os principios da responsabilidade, da precacdo e da prevencgdo, tdao caros ao desenvolvimento
sustentavel, foram tdo atuais e imperativos! Nunca, o conceito de inclusdo e respeito a vida de toda a
humanidade se fez tdo necessario.

Neste dificil momento de graves riscos e de necessaria agao responsdvel, Sustentabilidade em Debate
langa, nesta sua segunda edi¢ao de 2020, nove artigo no Dossié tematico “Modelagem de Sistemas
Ambientais e Gestdo da Paisagem” e quatro artigo na sec¢do Varia, que serdo apresentados a seguir.

O primeiro artigo da secdo Varia “Conectando migracao, clima e protecao social no Semiarido brasileiro:
estudos de caso do Submédio Sdo Francisco e Seridd Potiguar”, dos autores Ana Claudia de Almeida,
Alisson Flavio Barbieri e Saulo Rodrigues Filho, faz uma andlise sobre o nexo entre secas, migra¢oes e
protecdo social na regido do Semidrido, com base na discussao conceitual em torno de dois estudos de
caso: o Submédio Sado Francisco e o Seridd Potiguar.

No artigo “Efeito a curto prazo da adi¢cdo de nitrogénio no solo de uma floresta urbana”, os autores
Bruno Moraes Nascimento et al. apresentam os resultados de um experimento realizado para investigar
os efeitos da adicdo de nitrogénio na respiracdo do solo, durante cinco dias, na Floresta da Tijuca.

Os autores Victor Marchezini et al., no artigo “Politica publica de auxilio financeiro para resposta
a desastres no Brasil, no periodo 2013-2017”, com base nos dados dos decretos de Situacdao de
Emergéncia e Estado de Calamidade Publica e dos custos de socorro e resposta a desastres no pais,
realizam um levantamento sobre o uso e os gastos destas politicas publicas.

Por fim, o artigo “Mudancas climaticas e o urbanismo insustentavel no municipio de Jodo Pessoa,
Paraiba, Brasil”, dos autores Leticia Palazzi Perez, Andrea Leal Porto Sales e José Augusto Ribeiro
da Silveira, a partir de dados espaciais do desflorestamento recente de Jodo Pessoa, analisam as
caracteristicas juridicas e socioambientais da expansao urbana da cidade e como a politica urbana e
ambiental municipal tém catalisado processos de injusti¢ca socioambiental.

Os Editores
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The rising pressure over the environment, associated with the increase in the demand for natural
resources, resulted in an increased attention to social and environmental issues. However, the 21st
century reveals many key challenges to reach a sustainable landscape management. The understanding
that environmental systems are a result of complex interactions among multiple variables resulted in
the need to develop and apply more robust analyses to generate knowledge about the environment.
Moreover, the increased attention to environmental issues also created an important demand for
predicting future scenarios to support current decision making related to landscape management.

The use of specialized tools and methods for modeling environmental systems strengthens the
human capacity to intervene on behalf of landscape management for a sustainable environment.
Environmental modeling, due to its interdisciplinary nature, has been widely applied in understanding
the causal mechanisms between environmental systems and their interactions with different
socioeconomic contexts in Brazil and worldwide. The current technological stage allows not only the
use of sophisticated geospatial tools but also to develop and explore transdisciplinary models to help
the understanding of the complex interactions between humans and nature.

The GIS have reached relative maturity in terms of analytical capacity and functionality. Their current
emphasis shifted towards the construction of sophisticated models for representation of environmental
systems and time-space computational simulations. Environmental geographic modeling seeks to
understand the dynamics of spatial phenomena (which have a geographic expression), whether natural
or anthropic as well as their role in the organization and evolution of Earth’s systems.

It consists of a theoretical-instrumental procedure that involves a set of quantitative and spatial
techniques, aiming to operationalize a systemic approach. As a result, the integrated development
of Earth sciences (Geology, Geography, Ecology, Climatology, among others) opens up a wide field
for investigating environmental processes, which currently is considered as a cutting-edge research
topic and a thematic priority.
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In the seek for sustainable development, the modeling of environmental systems is gaining an outstanding
role to create integrated knowledge of the environment, the society, and their interactions. It provides
methodologies, technologies, and products capable of subsidizing and driving public policies for the
prevention and mitigation of human impacts, especially concerning global changes. Thus, the environmental
sciences have been trying to insert the environmental modeling into the designing processes of public
policies and the evaluation of their performance. This has been the premise of the Graduate Program in
Analysis and Modeling of Environmental Systems (AMSA) at UFMG, and it has propelled the program’s
research areas of Environmental Analysis, Systems Modeling, and Landscape Management.

The research approach traditionally practiced by AMSA is quantitative, which somewhat restricts the
scope and impact in society, including the scientific peers in the CAPES” environmental sciences group.
Early in 2018, through a wise and opportune approach, the Center for Sustainable Development (CDS) at
UnB invited AMSA to start an academic partnership between the two programs. The CDS envisioned that
guantitative geographic modeling could enhance the high quality of the research practiced in the house,
traditionally in the qualitative domain. For AMSA, the opportunity of partnership with a mature graduate
program, recognized for its excellence, was great to reinforce its growing and strengthening process.

The partnership was implemented by the end of 2018 with the Il Symposium on Systems Modeling
and Landscape Analysis of the Graduate Program in Analysis and Modeling of Environmental Systems,
which is a biannual event of AMSA that, in this edition counted with the co-participation of the
coordination CDS and associated researchers. This event aimed to present and debate the challenges
and perspectives of environmental systems modeling, to discuss the methods and applications of
geographic modeling and landscape management, and to address the role of environmental modeling
in the formulation of policies for landscape planning and management.

The Symposium has become a platform for the convergence of scientific articles and the basis for the
preparation of this Dossier. In addition to selected manuscripts from the event, the Dossier “Modeling
Environmental Systems and Landscape Management” of the Sustainability on Debate journal also
gathers scientific manuscripts that address topics related to innovative methodologies in quantitative
modeling and GIS capable of promoting ways to improve management and territorial governance in for
socio-environmental sustainability.

The Dossier includes 9 articles. The first one, entitled “Agriculture and sustainable landscapes:
agricultural diversification in the state of Minas Gerais”, analyzes the dynamics of agriculture production
and the diversity of its products from the environmental sustainability standpoint. The findings show
that the agricultural diversity in the municipalities are associated with family farming context.

The second article, “Non-Timber Forest Products in the Brazilian Amazon and Cerrado biomes: Multi-
Scale Governance for Implementing Enhanced Socio-biodiversity Chains” contextualizes non-timber
forest products as a channel to drive policies for social and biodiversity governance in their production
chains in the two most extensive biomes Brazilians.

The article “The Handwriting of society on the landscape: modeling of the environmental changes on
the borders of protected areas located in the Espinhagco Mountain Range (state of Minas Gerais, Brazil)”
investigates the patterns of natural resources use by the local population and the respective dynamics
of land use over time in the context of the creation of two protected areas in a sensitive region.

In the article “Simulated deforestation versus satellite data in Roraima, northern Amazonia”, the authors
analyze the pattern of land cover and land-use change, with special regards to the deforestation phenomena.
They simulated scenarios for the period 2011-2017 and compared the results of their computational approach
to the PRODES official data. The study investigated areas of silvopastoral use and excluded indigenous lands
and conservation units, which together concentrate most of the state’s territory.
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Next, in the work “Use of multicriteria analysis to define priority areas for reforestation in the Piranga
River Basin/MG”, the authors analyze and identify areas that could be designated for reforestation.
The investigation took the perspective of the areas of permanent preservation consolidated in the new
Forest Code and multicriteria geographic analysis techniques to support decision-making. The study
focused on an environmentally sensitive and water-recharge region located within the geographic
context of the environmental tragedy driven by the dam break in Mariana/MG.

The sixth article in the Dossier, “Geotechnologies as an environmental licensing support tool in the state
of Piaui”, presents and discusses the use of tools and open access geographic data in the environmental
licensing process. Also in this theme of open access data, the article “The application of remote sensing
techniques using MODIS (MCD45A1) images to burned areas identification and assessment in the
metropolitan region of Belo Horizonte — Minas Gerais, Brazil” analyzes the use of open access orbital
images and traditional techniques for recognizing and extracting features in the images, especially for
burned areas susceptible to environmental damage in the peri-urban context.

In the eighth article, “Case study of a model of local solar radiation potential and discussion on the
associated sustainable applications and potentials”, the authors present a detailed investigation focused
on mapping and quantifying the potential for solar energy generation in densely-built areas. The study
used technologies such as drone imaging to capture both the level of detail and the geometry aspects
of the complex roof surfaces in urbanized areas.

Finally, the article “Dry port location optimization to foster sustainable regional development” presents
a geographically explicit model for mapping and identifying regions with the greatest feasibility for
implementing dry ports in the state of Minas Gerais. Other than the traditional location-allocation
optimizing approach practiced by engineering, the model adds multicriteria analysis of the continuous
surface variables including socioeconomic characteristics such as the generation of jobs and local
revenue, together with environmental elements.

Although the Ill Symposium on Environmental Modeling and Landscape Management occurred in
the end of 2018, a month before the inauguration of Bolsonaro’s administration, and the present
Dossier is being published in August 2020 (Annus Horribilis, in reference to the Editorial of volume
11 of the Sustainability on Debate), the material presented in this Dossier exposes a critical vision of
the academy, so massacred in this same period, about environmental issues of common interest and
benefit to society. The environment, literally inflamed in 2019 and in the present Annus Horribilis, calls
for better days. Thus, the academy is trying to make a difference.

We appreciate the colleagues who attended the event, the authors who sent the manuscripts, and the
reviewers who collaborated with this edition of the Dossier. Good reading.

Editors of the Dossier
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A crescente pressao sobre o meio ambiente, associada ao aumento da demanda por recursos naturais,
priorizou aatengdo paraasquestdes socioambientais. Entretanto, sdo muitos os desafios que se levantam
a gestdo sustentavel das paisagens no século XXI. O entendimento de que os sistemas ambientais sdo o
resultado de interagdes complexas de multiplas variaveis trouxe a necessidade de desenvolver e aplicar
analises mais robustas para gerar conhecimento sobre o meio ambiente. Ademais, a crescente atencdo
para as questées ambientais também criou uma importante demanda de predicdo de cendrios futuros
que possam embasar a tomada de decisdo sobre a gestao das paisagens no momento atual.

O uso de métodos e técnicas de modelagem de sistemas ambientais fortalece a capacidade para
intervir na busca de solugGes para o manejo e gestao de paisagens. A modelagem ambiental, pela sua
natureza interdisciplinar, vem sendo amplamente aplicada no entendimento dos mecanismos causais
entre sistemas ambientais e suas interacGes com diferentes contextos socioeconémicos no Brasil e
no mundo. O estagio tecnoldgico atual permite ndo apenas o emprego de ferramentas geoespaciais
sofisticadas, mas também o desenvolvimento e exploracao, em carater transdisciplinar, de modelos
para auxiliar a compreensdo da complexa interagdo entre humanos e a natureza.

O Geoprocessamento atingiu relativa maturidade quanto a funcionalidade e capacidade de analise.
A énfase atual passou entdo a centrar na construcdo de sofisticados modelos de representacdo de
sistemas ambientais e cdlculos de simulacdo. A modelagem geografica ambiental busca a compreensao
da dindmica de fendGmenos espaciais (que possuem expressdo geografica), quer sejam naturais ou
antrépicos, e o seu papel na organizacdo e evolugdao dos sistemas da Terra, consistindo-se em um
procedimento tedrico-instrumental que envolve um conjunto de técnicas quantitativas e espaciais,
visando a operacionalizacdo de uma abordagem sistémica. Como resultado, o desenvolvimento
integrado das ciéncias da Terra (Geologia, Geografia, Ecologia, Climatologia, dentre outras) abre um
amplo campo a modelagem de processos ambientais, sendo hoje ja considerada como area de pesquisa
de ponta e de tematica prioritaria.
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Em busca de um desenvolvimento sustentavel, a modelagem de sistemas ambientais vem ganhando
um papel de destaque na geracdo de conhecimento integrado sobre o meio ambiente e a sociedade
e suas interagdes, provendo metodologias, tecnologias e produtos capazes de subsidiar e direcionar
politicas para a prevencdo e mitigacdao dos impactos antrépicos, sobretudo em relagdo as mudancas
globais. Para tanto, as ciéncias ambientais vém tentando se inserir no desenho de politicas publicas e
na avaliagdo de seu desempenho. Essa tem sido a premissa do Programa de Pds-Graduagao em Andlise
e Modelagem de Sistemas Ambientais (AMSA) da UFMG, e que tem alimentado as linhas de pesquisa
em Andlise Ambiental, Modelagem de Sistemas e Gestdao da Paisagem.

A abordagem tradicionalmente praticada nas pesquisas do AMSA é de natureza quantitativa, o que
de certa forma restringe a completude de seu alcance na sociedade, incluindo os pares na area de
ciéncias ambientais da CAPES. Foi neste sentido que, no inicio de 2018, o Centro de Desenvolvimento
Sustentavel (CDS) da UnB estendeu, de forma sdbia, o convite ao AMSA para iniciar uma parceria
académica entre os dois programas. O CDS enxergou que a modelagem geografica quantitativa poderia
potencializar a alta qualidade das pesquisas, em geral de dominio qualitativo, praticadas na casa. Para
0 AMSA, a parceria com um programa de pds-graduacao maduro e reconhecido por sua exceléncia foi
uma oportunidade singular para reforcar o seu processo de amadurecimento.

A parceria foi concretizada no final de 2018 com o desenvolvimento do Il Simpdsio de Modelagem
de Sistemas e Analise da Paisagem do Programa de Pds-Graduacdo em Andlise e Modelagem de
Sistemas Ambientais, evento bianual do AMSA que nesta edicdo contou com a coparticipacao da
coordenacdo do CDS e pesquisadores associados. O evento, que teve como objetivo apresentar e
debater os desafios e perspectivas da modelagem de sistemas ambientais, discutir as metodologias
e aplicacdes de modelos geograficos e gestdo da paisagem, e de abordar o papel da modelagem na
formulagdo de politicas publicas e privadas para o planejamento e gestdo de paisagens, tornou-se uma
plataforma de convergéncia de artigos cientificos, e a base para a elaboracédo do presente Dossié. Além
de trabalhos selecionados do Il Simpdsio, o Dossié Modelagem de Sistemas Ambientais e Gestdo da
Paisagem da revista Sustentabilidade em Debate reline manuscritos que abordam temas relacionados
a metodologias inovadoras em modelagem quantitativa e geoprocessamento capazes de promover
meios de aprimorar a gestdo e a governanga territorial em prol da sustentabilidade socioambiental.

O Dossié apresenta nove artigos, sendo que o primeiro artigo, “Agricultura e paisagens sustentdveis:
a diversidade produtiva do setor agricola de Minas Gerais”, analisa a dinamica da agricultura mineira
quanto a producdo e diversidade de seus produtos sob a perspectiva da sustentabilidade ambiental, e
mostra que a grande diversidade da agricultura produzida nos municipios estd associada ao contexto
da agricultura familiar.

O segundo artigo, “Produtos florestais ndo madeireiros nos biomas Amazénia e Cerrado: Governanga
em escala para implementar cadeias aprimoradas de sociobiodiversidade”, contextualiza os produtos
florestais ndo madeireiros para aimplementacao de politicas para governanca social e de biodiversidade
em suas cadeias produtivas nos dois mais extensos biomas brasileiros.

O artigo “A caligrafia da sociedade na paisagem: transformagdes ambientais no entorno de unidades
de conservacgdo da Serra do Espinha¢o” analisa o contexto da criacdo de duas areas protegidas a partir
do entendimento de padrdes de uso dos recursos naturais pela populagdo local e a respectiva dindmica
de uso do solo ao longo do tempo.

No artigo “Desmatamento simulado versus dados de satélite em Roraima”, os autores analisam as
mudanc¢as no padrdao de cobertura e uso do solo em Roraima, sobretudo quanto ao desmatamento,
comparando os resultados de cenarios simulados computacionalmente para o periodo 2011-2017 e os
dados oficiais do PRODES. O estudo investigou areas de uso silvo-pastoris e excluiu terras indigenas e
unidades de conservagdo, que juntas concentram grande parte do territério do estado.
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Na sequéncia, o artigo “Uso da andlise multicritério para definicGo de dreas prioritdrias para
reflorestamento na bacia do rio Piranga/MG”, os autores analisam e identificam, sob a ética das areas
de preservacdo permanente consolidadas no novo Cédigo Florestal e técnicas de analise geografica
multicritério para apoio a tomada de decisdo, as dreas que poderiam estar sendo destinadas a
reflorestamento em uma regido de recarga de agua, ambientalmente sensivel, e no contexto geografico
da tragédia ambiental de Mariana/MG.

O sexto artigo do Dossié, “Utilizagdo de programas abertos de geotecnologia para o emprego no
licenciamento ambiental no estado do Piaui”, apresenta e discute o emprego de ferramentas e dados
geograficoslivres noprocesso de licenciamento ambiental. Também nessalinha, o artigo “Uso de técnicas
de sensoriamento remoto para identificagdo e avaliagdo de dreas queimadas na regido metropolitana
de Belo Horizonte” analisa o emprego de imagens orbitais gratuitas e de técnicas tradicionais de
reconhecimento e extracdo de feicdes nas imagens, para identificacdo de dreas queimadas susceptiveis

a danos ambientais no contexto periurbano.

No penultimo artigo, “Construgéo de um modelo de potencial de radiagéo solar local e discussdo das
aplicagbes sustentdveis e potenciais associados”, os autores mapeiam de forma minuciosa telhados
urbanos para quantificar o potencial para gera¢do de energia solar em dreas densamente construidas.
O estudo recorreu a tecnologias como imageamento por drone para poder ser sensivel as nuances e
aos aspectos de geometria das complexas superficies dos telhados e coberturas das areas urbanizadas.

Por fim, o artigo “Otimizagdo locacional de portos secos para fomentar desenvolvimento regional
sustentdvel” apresenta um modelo geograficamente explicito para mapear e identificar as regides com
maior viabilidade para implantacdo de portos secos em todo o estado de Minas Gerais. O modelo
adiciona caracteristicas socioeconémicas como a gera¢do de empregos e receita local, e elementos
ambientais a tradicional perspectiva logistica da engenharia.

Embora o Il Simpdsio de Modelagem Ambiental e Gestdo da Paisagem tenha sido realizado no final
de 2018, antevéspera da troca do Governo, e o presente Dossié publicado em Agosto de 2020 (Annus
Horribilis, em alusdo ao Editorial do volume 11 da Revista Sustentabilidade em Debate), o material
aqui apresentado traz a tona o olhar da academia, tdo massacrada neste mesmo periodo, a temas
ambientais de interesse e beneficio comum para a sociedade. O meio ambiente, literalmente inflamado
em 2019 e neste Annus Horribilis, clama por dias melhores. A academia faz aqui o seu papel.

Agradecemos aos colegas que prestigiaram o evento, aos autores que enviaram seus trabalhos e aos
avaliadores que colaboraram com esta edi¢do do Dossié. Boa leitura.

Editores do Dossié
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ABSTRACT

The intensification of agricultural production and its impact has been widely discussed around the
world. Agricultural diversification is a possible path to promote sustainability in agriculture, considering
ecological and socioeconomic aspects. Thus, this paper aims to develop an indicator that could assess
the agricultural diversification of the municipalities of Minas Gerais, to understand the dynamics of
agriculture in the state. Our results show that most of the municipalities (76%) presented a “high” or
“very high” diversification, and it can be explained by the strong presence of family farming. However,
the share of the gross domestic product (GDP) of these municipalities relative to agriculture activity
is relatively low, highlighting that economic sustainability has not been fully achieved yet. In addition
to the producer’s interest in increasing agricultural diversification, it is important to ensure a rural
development public policy fostering diverse agricultural production systems aligned with environmental
sustainability standards.

Agriculture Diversification. Simpson Diversity Index. Sustainable landscapes. Governance.

RESUMO

A produgdo de alimentos é importante para garantir a sequranga alimentar, e os diferentes modos de
produgdo podem gerar diferentes impactos ambientais. A diversificacdo agricola é considerada uma
das formas de promover a sustentabilidade, tanto em termos ecoldgicos quanto socioeconémicos.
Para compreender a dindmica da agricultura em Minas Gerais, este trabalho utiliza um indicador para
caracterizar os sistemas de produgdo agricola e avaliar a diversidade produtiva dos 853 municipios
do estado. A maior parte dos municipios (76%) apresentou uma diversidade alta ou muito alta, sendo
esta associada principalmente ao contexto da agricultura familiar. No entanto, a contribuicdo desses
sistemas agricolas diversificados para a economia dos municipios é relativamente baixa, mostrando
que a sustentabilidade econémica de sistemas diversificados ainda é um desafio. E importante que,
além do interesse do produtor, exista uma politica publica de desenvolvimento rural capaz de viabilizar
sistemas de produgéo agricola alinhados com padroées de sustentabilidade ambiental.
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1 INTRODUCTION

Food demand increases as the world population grows, and the scenario foreseen for the coming years
is not encouraging: United Nations (UN) estimates that 11.2 billion people will be living on the planet
in 2100 (UN, 2017). This perspective calls for agricultural systems able to supply food and economic
needs of an increasing population.

In this context, the process of agriculture intensification stands out, which aims to increase the
amount of food produced per unit area (productivity), especially with the use of technologies that
allow large-scale production, generally using monoculture as a way of production. In addition to food,
monocultures are also intended for biofuel production, which production is increasing year after year
(IEA, 2019). Considering only the Brazilian sugarcane production destined for the sugar-energy sector,
8.6 million hectares were harvested during 2018/2019 (BRASIL, 2019), this corresponding to 85% of the
total sugarcane planted area in the country (IBGE, 2019a). This reinforces the prominent position that
agribusiness holds in the Brazilian economy.

The expansion to new agricultural areas and the intensification of existing areas would contribute to
the increase in production fulfilling this rising demand (TILMAN et al., 2011). However, it is known that
many environmental impacts are associated with agricultural activity, especially monocultures such
as soil degradation and eutrophication (KASTNER, KASTNER and NONHEBEL, 2011), biodiversity loss
(PERFECTO and VANDERMEER, 2010), greenhouse gas (GHG) emissions due to changes in land use and
the use of fertilizers (BURNEY, DAVIS and LOBELL, 2010), among others.

Currently, several regions in the world are dominated by monocultures, which replace ecosystems that
were previously marked by a high richness of species. In this way, agriculture was largely responsible
for simplifying and homogenizing diverse ecosystems around the world (TILMAN, 1999).

One of the technical proposals to reduce landscape simplificationand homogenization is the promotion
of agricultural diversification (KASSAM and FRIEDRICH, 2012), which can be done through the
integration of two or more agricultural activities (plant species) in the same rural property (SANTANA,
FERREIRA E ALENCAR, 2009). It can reduce the risks of monoculture as the main source of income for
the producer and increase both economic and landscape sustainability. Regarding family farming, there
isa number of advantages associated with agricultural diversification: increase in marketing possibilities
throughout the year, rescue of traditional product crops, increase in incomes and the improvement in
living conditions of the family as a whole (BARBOSA ET AL. 2016; HAAS, 2008).

Michler and Josephson (2017), for example, assessed the impact of agricultural crop diversification on
families from the most disadvantaged regions in Ethiopia. By analyzing official statistical data in the
country, they were able to quantify that families with diversification of crops in their properties have,
on average, lower poverty rates. In addition, it has been found that the diversification of agricultural
production reduces the probability that an economically weak family will fall into poverty. In a similar
context, Waha et al. (2018) state that, at the family level, agricultural diversification is more successful
in ensuring food security.

The concept of sustainability has been widely discussed and adopted for environmental issues in recent
decades. However, it has been overlooked in the context of the landscape. Sustainable landscapes,
according to the International Institute for Sustainability, are those that take on the challenge of
reconciling social, economic and ecological interests, by integrating them into territorial planning
processes at different scales from urban areas to rural areas and from pristine to degraded areas
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(1S, 2015). Specifically dealing with the rural environment, the sustainability of landscapes aims to
establish conditions for biodiversity conservation and development of productive activities to be
combined in common areas.

Considering the context of sustainable agriculture and the importance of using indicators that are able
to assess landscape sustainability, it is necessary to formulate metrics that quantify landscape aspects
related to socioeconomic and environmental dimensions. As diversification of agricultural production
is one of the possibilities to increase sustainability of rural landscapes, it is important to propose
indicators that are able to assess diversification of agricultural production at the municipality level.

2 DIVERSIFICATION OF AGRICULTURE IN MINAS GERAIS

Agriculture has great relevance in the historical and economic context of Minas Gerais. Agricultural
practicesare closely related to the development of mining in the state, from the 18th century onwards, but
initially as a subsistence activity. The activity only gained a prominent position with mining decline, when
new markets for agricultural products emerged, in the course of the 18th century (MINAS GERAIS, 1978).

Minas Gerais’ agriculture once again gained greatimportance at the beginning of the Brazilian republican
period, when coffee production became one of the main pillars of the country’s economy. Later, the
state aimed to diversify production, in order to consolidate a strong agricultural sector, capable of
sustaining a vigorous industrialization process (GARCIA AND ANDRADE, 2007).

In the current scenario, agriculture still has great importance in the socioeconomic context of Minas
Gerais. According to data from MapBiomas, agriculture areas increased over a short period of time:
from approximately 635,000 ha in 1985 to 3,575,000 ha in 2018 (PROJETO MAPBIOMAS, 2020). In
addition, agribusiness GDP accounted for 33.5% of the state’s total GDP (EMATER, 2018).

According to 2017 Agricultural Census, Minas Gerais has 607,557 rural establishments, and they occupy
approximately 65% of the state’s territory (IBGE, 2019b). Family farming has also a great importance
in Minas Gerais: data from the same census indicate the existence approximately 440,000 family
establishments in the state, which corresponds to 73% of the total rural establishments in Minas Gerais
(IBGE, 2019b).

Considering the relevance of family farming in Minas Gerais scenario, the state also gains prominence
when diversification of agricultural production is analyzed. According to the 2018 Municipal Agricultural
Production Survey, Minas Gerais is the state with the largest variety of crops (temporary and permanent)
in Brazil: out of 71 crops analyzed in the survey, 52 were found in the state (IBGE, 2019a). However, the
specific effects of diversification are not yet widely understood, so the incentive for this practice has
not yet reached its full potential.

Thus, this work aims to quantify the agricultural diversity of each one of the municipalities of Minas

Gerais through a consistent indicator. We also aim atassessing how agricultural diversity is associated
to other socioeconomic and environmental indicators.

3 METHODS
3.1 DATA COLLECTION
Data used in this study was collected in Municipal Agricultural Production Survey (IBGE, 2019). We

firstestimated the planted area for each agricultural crop. We usedonly those cases whose quantity
produced was at least one ton and distributed over at least one hectare. For this purpose, it was used
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average values (2014 to 2018), in order to reduce the exceptionalities that may have occurred in some
years of the historical series. With these data, it was possible to calculate the agricultural diversity
index for each municipality using the Simpson index, as described in section 3.2.

Then, this data was compared to other variables that allow to outline the productivist and conservationist
profile of the municipalities of Minas Gerais. The following variables were selected:

Percentage of anthropized area by municipality;

The percentage of anthropized area measures the degree of human intervention in
landscapes. As agricultural production requires an available area for its development, it is
assumed that the increase in the anthropized area is related to the productive aspect of
the municipalities. To this purpose, it was used database (shapefile) containing land uses,
from Brazilian Foundation for Sustainable Development (FBDS)(FBDS, 2018).

Contribution of agriculture to the municipal Gross Domestic Product (GDP);

The share that agricultural activity adds to the municipal GDP is an important indicator of the
size of this sector in the local economy. The higher the value, the greater is the predominance
of the activity, which shows a strong productive aspect of the municipalities. This same
indicator was used by Pinto Correia et al. (2016) to assess the productive dimension of human
occupation in rural spaces. To calculate this indicator, it was considered the percentage of
added value of agriculture at municipal GDP over the total GDP (IBGE, 2016).

Euclidean nearest-neighbor distance (forest fragments)

Euclidean nearest-neighbor distance is one of the landscape metrics used to assess landscape
fragmentation - in this case, forest fragmentation. It can cause several negative consequences,
such as habitats and biodiversity loss, changes in ecological interactions, among others
(SOUZA et al., 2014). The greater the distance between fragments, the greater the degree of
isolation verified, which is detrimental to biodiversity conservation. In this study, the analysis
of the Euclidean nearest-neighbor distance of fragments used available data from FBDS
database (FBDS, 2018), and performed on FRAGSTATS 4.2.1 software.

Average size of forest fragments;

The average size of forest fragments is another landscape metric used to assess
fragmentation - larger fragments are usually better for promoting connectivity and
biodiversity conservation (VALENTE E VETORAZZI, 2005). It is important to note, however,
that the total area of the fragment was considered, including border area. As the scale of
this study involves all municipalities in Minas Gerais, encompassing different biomes and
ecosystems, it was considered inappropriate to assume a single border value for all areas.
Thus, only the structural element of the landscape was considered, without considering its
functional aspect. Once again, average size of the fragments of forest areas was calculated
using FBDS database and was performed in FRAGSTATS 4.2.1 software.

Percentage of permanent protection areas by municipality;

Permanent protection areas (PPAs) are instituted through specific legal regulations,
(BRASIL, 2012). PPAs were adopted as a surrogate for the conservationist profile of the
municipalities as it is a common factor to all of them. Shapefiles containing these areas are
available in FBDS database. It is important to note, however, that these areas are related
only to riparian areas.
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3.2CALCULATIONOFTHEAGRICULTURALDIVERSITYINDEXOFTHE MUNICIPALITIES

With variables previously calculated, the productive diversity of each municipality was calculated using
the Simpson Diversity Index (SID) (SIMPSON, 1949), using the following equation:

N X 2
SID=1- Z (—1)

Where: X = occupied area by each product and N = number of agricultural products in the municipality
that occupy more than one hectare and whose quantity exceeds one ton.

This index ranges from 0 to 1, with 0 being the municipality that presents only one type of agricultural
production, and increases to the value of 1 as diversity increases.

The values obtained for each municipality were associated with a geographic database (shapefile of
municipalities in Minas Gerais), in order to generate a map of agricultural diversity.

The municipalities were grouped into five distinct classes:
Very low diversification: SID < 0.20;
Low diversification: SID > 0.20 e < 0.40;
Medium diversification: SID > 0.40 e < 0.60;
High diversification: SID > 0.60 e < 0.80;

Very high diversification: SID > 0.80.

3.3 STATISTICAL ANALYSIS
First, the normality of data was verified, using Kolmogorov-Smirnov test. After this verification,

descriptive statistics of data and the correlation between the agricultural diversity and the other
analyzed variables were calculated. All analyzes were performed on SPSS 19 statistical software.

4 RESULTS AND DISCUSSION

Table 1 shows values of descriptive statistics, while Figure 1 shows the distribution of the calculated
values for the agricultural diversity index.

Tablel | Descriptive statistics of the analyzed variables

. Number of Minimum Maximum Standard
Variable Average o
occurrences value value deviation
SID 853 0.00 0.88 0.66 0.13
CONTRIBUTION OF AGRICULTURE TO THE
MUNICIPAL GROSS DOMESTIC PRODUCT 853 0.00 0.72 0.17 0.12
(GDP)
PERCENTAGE OF ANTHROPIZED AREA 853 0.09 0.94 0.67 0.16

ISSN-e 2179-9067

Sustainability in Debate




. Number of Minimum Maximum Standard
Variable Average I
occurrences value value deviation
AVERAGE SIZE OF(I;OAF;EST FRAGMENTS; 353 1.02 70.30 6.32 553
EUCLIDEAN NEAREST-NEIGHBOR DISTANCE
(FOREST FRAGMENTS) (M) 853 25.40 246.64 62.76 22.85
PERCENTAGE OF PERMANENT PROTECTION
AREAS BY MUNICIPALITY; 853 0.01 0.61 011 0.05

Source: Elaborated by the author.

According to results of socioeconomic variables presented in Table 1, contribution of agricultural
activity to the municipal GDP of the 853 municipalities in Minas Gerais ranges from 0 to 72%, while the
anthropized area varies from 0.9 to 94%. Regarding the results of landscape metrics, Table 1 shows that
the average area of forest patches varies from 1 to 70.3 hectares, with mean and standard deviation
being 6.32 and 5.53, respectively. For Euclidean nearest-neighbor distance between forest fragments,
average values per municipality range between 25 and 246 meters. Finally, Table 1 shows that, on
average, Minas Gerais municipalities have 11% of their territory in riparian permanent protection areas.
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Figure 1 | Distribution of calculated values for agricultural diversity

Source: Elaborated by the author.

Also according to Table 1, the average and standard deviation of the agricultural diversity index of the
853 municipalities in Minas Gerais is of 0.66 + 0.13. After calculating the index for each one of the
municipalities, it was found that 1.6% of Minas Gerais municipalities are classified as having a very
low agricultural diversity, 2.6% as low diversification, 19.5% as medium diversification, 64.7% as high
diversification and 11.6% have very high diversification.

Figure 2 shows the map with the classification of agricultural diversity in the municipalities of Minas
Gerais. In the group with the lowest values for agricultural diversification, there is a strong concentration in
Triangulo Mineiro region. This can be explained by the exploitation of agribusiness that takes place in the
region, developed by medium and large-sized rural entrepreneurs who make intensive use of technology,
making this agricultural region the most dynamic and developed in the state (BASTOS E GOMES, 2011).
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Other municipalities are dispersed in several regions of the state, and a possible explanation for the
low diversification may be related to the fact that agriculture is not one of the main economic activities
developed in these areas (IBGE, 2016b). In this group, Belo Horizonte (capital of the state) stands out,
as no information on agricultural production was verified. So, the calculated index assumed zero value.

Geographic factors may also be an explanation for the different levels of diversification observed in
Minas Gerais. There is, for example, in the intermediate region of Juiz de Fora, a strong concentration
of municipalities classified with a medium diversification. This can be explained by topography of
the rugged relief and land forms with steep slopes present in the region, which can be considered an
obstacle to agricultural production, with the most fertile areas being limited to the region’s valleys
(BASTOS E GOMES, 2011).

The two categories of municipalities with the highest values for the diversity index cover 651
municipalities (76.3% of the total municipalities in Minas Gerais), which are homogeneously distributed
in the state. These results reinforce the importance of Minas Gerais in the Brazilian agricultural
scenario, and also indicate the relevance of family farming in the state, since diversification is a practice
intrinsically associated with this type of production.
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Figura 2 | Agricultural diversity in the state of Minas Gerais

Source: Elaborated by the author

It is important to understand, however, how agricultural diversity is reflected in production and
conservation aspects in the state. For this purpose, a statistical analysis was performed, and it was
verified that data do not follow normal distribution, which implies the choice of Spearman’s correlation
coefficient to verify which is the relationship between the variables. The detailed results of correlation
amongst variables are found in Annex 1.

Our results show that there is no significant correlation (a = 0.05) between the index of agricultural
diversity and the variables: average size of forest fragments, percentage of permanent protection
areas by municipality; contribution of agriculture to the municipal Gross Domestic Product (GDP) and
percentage of anthropized areas by municipality.

The only significant correlation obtained among the variables analyzed was related to the variable
“Euclidean nearest-neighbor distance (forest fragments)”. It was found that the increase in the
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diversification index is related to the decrease in the Euclidean nearest-neighbor distance (forest
fragments), as shown by the negative value for the correlation (-0.073). Although the value obtained is
not high, this result can be considered an indication that agricultural diversification may be positively
associated with increased connectivity between forest fragments (without considering specific focus
groups), which favors biodiversity conservation. Annex 2 shows the difference between the averages of
the variables analyzed for each one of the five groups of agricultural diversification.

The map in Figure 3 shows how the municipalities classify in relation to the variable “Euclidean nearest-
neighbor distance (forest fragments)”. The shorter the Euclidean nearest-neighbor distance, the greater
the likelihood of biodiversity conservation taking place, as the isolation of fragments has a negative
effect on species richness, decreasing the (potential) rate of immigration or recolonization (ALMEIDA,
2008). As a result, from an ecological point of view, there is an increase in the landscape sustainability.

48°00W 4400W 40°00'W

15°0'0"S
L

Euclidean nearest-neighbor| .,
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Figure 3 | Spatial distribution of the variable “Euclidean nearest-neighbor distance (forest fragments)”.

Source: Elaborated by the author.

In general, it seems that the increase in agricultural diversity positively impacts landscape in terms of
conservation; however, when assessing social aspect of landscapes, related to agricultural production
and the income generated from it, agricultural diversity does not yet have a significant influence in
terms of improving economic indicators, which directly raise the issues of reconciling ecological and
economic sustainability.

It is important to highlight that, in this work, it was discussed exclusively the concept of agricultural
diversity, while another concept is important to explain the productive dynamics of rural environments:
rural diversification, which consists of combining, in addition to agricultural activities, other non-
agricultural activities, in order to explore all the potential that the property / region has. Some authors
(SILVA, 2001 apud SANTANA, FERREIRA AND ALENCAR, 2009) point out that the diversification of
agriculture itself is not able to promote an increase in income sufficient to reduce the dependence
of producers in relation to local labor markets, which it may justify the low correlation between the
agricultural diversity index and economic variables.
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Even though agricultural diversification has the producer as one of the main social actors, it is highlighted
that the success of this action does not depend exclusively on producers themselves. It is necessary to have
an associated rural development policy, so it will be is possible to generate a complex chain of reciprocal
interactions between all axes (credit, agricultural research, technical assistance and rural extension),
thus guaranteeing access to land and technologies for production and sustainable management of
establishments (BITTENCOURT, 2002 apud SANTANA, FERREIRA E ALENCAR, 2009). Therefore, it is evident
that the achievement of sustainable landscapes through agricultural diversification must be the result of
actions of several sectors of society, with the public sphere (municipal and state governments) playing a
fundamental role in the fostering of agricultural diversity.

5 FINAL CONSIDERATIONS

The development of sustainability strategies in rural areas has proved to be a great challenge, since
the concept of landscape sustainability has had difficulties in assuming a relevant role, given the
inherent complexity of its management process. One of several challenges is the development of
metrics to track progress and enable landscape management. Throughout this paper, the agricultural
diversity index was calculated, in order to classify municipalities of Minas Gerais. It was found that
most municipalities in the state (76.3%) were classified as having a “high” or “very high” agricultural
diversity, which confirms the state’s position as the most diversified in the country. However, this
diversification is not yet fully reflected in economic and environmental indicators, which shows that
there is still a need to implement a series of actions that, in fact, target to guarantee landscape
sustainability, both in environmental and economic aspects. Considering that each municipality
presents a particular reality (with problems and strengths), it is desirable that different portfolios of
public policies are developed, targeting different local identities that guarantee the involvement of
all actors in order to generate long lasting results.

ACKNOWLEDGMENT

The first author thanks FAPEMIG for the grant of master’s scholarship. Second author thanks CNPq for
its PQ scholarship.

REFERENCES

ALMEIDA, C. G. Analise espacial dos fragmentos florestais na area do Parque Nacional dos Campos Gerais,
Parana. 2008. Dissertacdo (Mestrado em Gestdo do Territério) — Universidade Estadual de Ponta Grossa, Parana.
Ponta Grossa, PR.

BARBOSA, P.J. F. et al. A importancia da diversificagdo agricola como complemento na renda familiar na regido de
Manhuagu — MG. Revista do CCEl, v. 20, n. 35, 2016.

BASTOS, S. Q. DE A.; GOMES, J. E. Dinamica da agricultura no estado de Minas Gerais. Ruris, v. 5, n. 2, p. 45-76,
2011.

BRASIL. Lei 12.651/2012. Dispde sobre a protecdo da vegetacdo nativa. Brasilia, DF. Brasil. Constituicdo da
Republica Federativa do Brasil de 1988. Brasilia, DF.

BRASIL. Ministério de Minas e Energia. Analise de conjuntura dos biocombustiveis — ano 2018. Empresa de
Pesquisa Energética — EPE. Rio de Janeiro, 2019.

BURNEY, J. A.; DAVIS, S. J.; LOBELL, D. B. Greenhouse gas mitigation by agricultural intensification. Proc. Natl.
Acad. Sci. USA, v. 107, p. 12052-12057, 2010.

ISSN-e 2179-9067 Sustainability in Debate



EMPRESA DE ASSISTENCIA TECNICA E EXTENSAO RURAL DO ESTADO DE MINAS GERAIS. Balango do Governo de
Minas apresenta o crescimento e a diversidade da agricultura do estado. 2018. Disponivel em: <http://www.
emater.mg.gov.br/portal.cgi?flagweb=novosite_pagina_interna&id=22669>. Acesso em: 04 out. 2018.

FUNDAGAO BRASILEIRA PARA O DESENVOLVIMENTO SUSTENTAVEL. Mapeamento em Alta Resolugdo dos Biomas
Brasileiros — Metodologia. 2018. Disponivel em: <http://geo.fbds.org.br/Metodologia.pdf>. Acesso em: 24 set. 2018.

GARCIA, J. R.; ANDRADE, D. C. Panorama geral da industrializacdo de Minas Gerais (1970-2000). Leituras de
Economia Politica, Campinas, n. 12, 2007.

HAAS, J. M. Diversificagcdo de Producdo no Meio Rural como Estratégia de Sobrevivéncia: um estudo de caso da
regido noroeste do Rio Grande do Sul. In: Encontro Nacional da Anppas, 4, 2008, Brasilia.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA. Produto Interno Bruto dos Municipios. 2016. Disponivel
em: <https://www.ibge.gov.br/estatisticas/economicas/contas-nacionais/9088-produto-interno-bruto-dos-
municipios.html?=&t=downloads>. Acesso em: 26 jun. 2019.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA. Censo Agro 2017. 2019a. Disponivel em: <https://sidra.
ibge.gov.br/pesquisa/censo-agropecuario/censo-agropecuario-2017>. Acesso em: set. 2019.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA. Produgdo Agricola Municipal (PAM): culturas temporarias
e permanentes. 2019b. Disponivel em: <https://sidra.ibge.gov.br/pesquisa/pam/tabelas>. Acesso em: nov. 2019.

INSTITUTO INTERNACIONAL PARA A SUSTENTABILIDADE. Paisagens Sustentaveis: integrando desenvolvimento
rural e conservacdo ambiental. 2015. Disponivel em: <http://www.iis-rio.org/media/archives/Relatorio_
Workshop_Paisagens_Sustentaveis _IIS_2015.pdf>. Acesso em: 20 abr. 2019.

INTERNATIONAL ENERGY AGENCY. Biofuels for transport. 2019. Disponivel em: <https://www.iea.org/tcep/
transport/biofuels/>. Acesso em: 02 abr. 2019.

KASSAM, A.; FRIEDRICH, T. An ecologically sustainable approach to agricultural production intensification: global
perspectives and developments. Field Actions Science Report, special issue 6, 2012.

KASTNER, T.; KASTNER, M.; NONHEBEL, S. Tracing distant environmental impacts of agricultural products from a
consumer perspective. Ecological Economics, v. 70, p. 1032-1040, 2011.

MICHLER, J. D.; JOSEPHSON, A. L. To Specialize or Diversify: agricultural diversity and poverty dynamics in Ethiopia.
World Development, v. 89, p. 214-226, 2017.

MINAS GERAIS. A agropecudria mineira: sua histéria, sua evolugdo. 1978, 146 p.

ORGANIZACAO DAS NACOES UNIDAS. World Population Prospects 2017. 2017. Disponivel em: <https://
population.un.org/wpp/DataQuery/>. Acesso em: 30 mar. 2019.

PERFECTO, |.; VANDERMEER, J. The agroecological matrix as alternative to the land-sparing/agriculture
intensification model. Proc. Natl. Acad. Sci. USA, v. 107, p. 5786-5791, 2010.

PROJETO MAPBIOMAS. Colec¢do 4.1 da Série Anual de Mapas de Cobertura e Uso de Solo do Brasil. 2020.
Disponivel em: <http://mapbiomas.org/map#coverage>. Acesso em: 06 jun. 2020.

SANTANA, A. C.; FERREIRA, P. A.; ALENCAR, E. Diversificagdo da Agricultura Familiar no Sul de Minas Gerais:
uma analise da percepcdo de professores e pesquisadores. Sociedade Brasileira de Economia, Administragao e
Sociologia Rural, p. 2-4, 2009.

SIMPSON, E. H. Measurement of diversity. Nature, v. 163, p. 688, 1949.

SOUZA, C. G. et al. Analise da fragmentacdo florestal da area de protegao ambiental Coqueiral, Coqueiral — MG.
Ciéncia Florestal, v. 24, n. 3, p. 631-644, 2014.

TILMAN, D. et al. Global food demand and the sustainable intensification of agriculture. Proc. Natl. Acad. Sci.
USA, v. 108, p. 20260-20264, 2011.

Sustainability in Debate ISSN-e 2179-9067




Marina Lorena Campos Teixeira,
Sonia Maria Carvalho Ribeiro

TILMAN, D. Global environmental impacts of agricultural expansion: the need for sustainable and efficient
practices. Proc. Natl. Acad. Sci. USA, v. 96, p. 5995-6000, 1999.

VALENTE, R. O. A.; VETTORAZZI, C. A. Comparagdo entre métodos de avaliagdo multicriterial, em ambiente SIG,
para a conservagao e a preservacao florestal. Scientia Forestalis, n. 69, p. 51-61, 2005.

WAHA, K. et al. Agricultural diversification as an important strategy for achieving food security in Africa. Global
Change Biology, v. 24, n. 8, 2018.

ANNEX 1 — CORRELATION ANALYSIS BETWEEN VARIABLES

Correlations
Euclidean Cg;ggtr);zzn
Average size nearest—n_e/— % of perma- ture to the % of anthro-
of forest ghbor dis- | nent protec- . .
SID . municipal pized area by
fragments | tance (forest | tion areas by o
(ha) fragments) | municipality Gross Domes- | municipality
(m) tic Product
(GDP)
Correlation 1,000 ,003 -,073" -,063 -,055 -,056
Coefficient
SID Sig. (2-tailed) . ,928 ,034 ,068 ,107 ,101
N 853 853 845 853 853 853
AVERAGE size | Correlation ,003 1,000 -,168" -,107" -,189" -,558"
OF FOREST Coef‘ﬁCIent
FRAGMENTS Sig. (2-tailed) ,928 . ,000 ,002 ,000 ,000
(HA) N 853 853 845 853 853 853
EUCLIDEAN Correlation . - . o .
NEAREST- Coefficient -,073 -,168 1,000 -,092 ,111 ,533
NEIGHBOR Sig. (2-tailed) ,034 ,000 ,007 ,001 ,000
DISTANCE
(FOREST
2| FRAGMENTS) N 845 845 845 845 845 845
P (M)
v
Z % OF Correlation
< *k *k *k
S| permANENT Coefficient -,063 -,107 -,092 1,000 -,134 ,040
S| PROTECTION Sig. (2-tailed) ,068 ,002 ,007 ,000 ,242
% AREAS BY
MUNICIPALITY N 853 853 845 853 853 853
CONTRIBUTION i " - . -
Correlation | _ oo -189 111 -134 1,000 165
OF Coefficient
AGRICULTURE | gjg (2-tailed) ,107 ,000 ,001 ,000 ,000
TO THE
MUNICIPAL
GROSS N 853 853 845 853 853 853
DOMESTIC
PRODUCT (GDP)
% OF Correlation -,056 -,558" ,533" ,040 1165 1,000
ANTHROPIZED Coefficient
AREA BY Sig. (2-tailed) ,101 ,000 ,000 ,242 ,000 .
MUNICIPALITY; N 853 853 845 853 853 853

*. Correlation is significant at the 0.05 level (2-tailed).

**_ Correlation is significant at the 0.01 level (2-tailed).
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ANNEX 2 — DESCRIPTIVE STATISTICS OF ANALYZED VARIABLES BY
DIVERSIFICATION GROUP

Euclidean o I
Average size | nearest-nei- % of perma- Contr{bunon % of anthro- Number
SID . nent protec- | of agriculture | .
of forest frag- | ghbor distance | .. . pized area by | of cultures
Group tion areas by | to municipal :
ments (ha) (forest frag- icinalit GDP (%) municipality (units)
ments) (m) municipality 6
AVERAGE 5.43 100.11 8.41 13.69 69.36 7.64
VERY
MEDIAN 5.84 117.84 7.17 9.24 81.96 8.00
LOW STANDARD
DEVIATION 2.12 47.01 3.94 13.79 23.99 5.06
AVERAGE 5.28 72.03 10.89 20.61 73.17 11.27
LOW MEDIAN 4.38 63.51 11.32 18.79 78.96 11.00
STANDARD
DEVIATION 3.22 24.84 5.66 12.87 15.20 5.62
AVERAGE 5.80 64.33 12.68 17.50 69.02 11.21
MEDIUM MEDIAN 4.76 59.02 13.16 17.18 71.98 11.00
STANDARD
DEVIATION 3.36 23.93 4.07 11.31 13.56 4.64
AVERAGE 6.29 61.43 11.47 17.24 67.23 13.86
HIGH MEDIAN 4.79 57.06 11.23 15.15 71.62 13.00
STANDARD
DEVIATION 5.61 21.00 4.87 11.73 16.27 4.95
AVERAGE 7.72 60.13 11.86 16.11 62.85 15.36
VERY
MEDIAN 5.53 53.64 11.02 12.26 68.95 15.00
HIGH STANDARD
DEVIATION 8.00 20.65 7.07 13.32 20.13 4.52

Source: Elaborated by the author.
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RESUMO

A producdo de alimentos é importante para garantir a seguranca alimentar, e os diferentes modos de
producdo podem gerar diferentes impactos ambientais. A diversificacdo agricola é considerada uma
das formas de promover a sustentabilidade, tanto em termos ecolédgicos quanto socioeconémicos.
Para compreender a dinamica da agricultura em Minas Gerais, este trabalho utiliza um indicador para
caracterizar os sistemas de producdo agricola e avaliar a diversidade produtiva dos 853 municipios do
estado. A maior parte dos municipios (76%) apresentou uma diversidade alta ou muito alta, sendo
esta associada principalmente ao contexto da agricultura familiar. No entanto, a contribuicdo desses
sistemas agricolas diversificados para a economia dos municipios é relativamente baixa, mostrando
que a sustentabilidade econdmica de sistemas diversificados ainda é um desafio. E importante que,
além do interesse do produtor, exista uma politica publica de desenvolvimento rural capaz de viabilizar
sistemas de producédo agricola alinhados com padrées de sustentabilidade ambiental.

Diversificacdo Agricola. indice de Diversidade de Simpson. Paisagens Sustentaveis. Governanca.

ABSTRACT

The intensification of agricultural production and its impactshas been widely discussed around
the world. Agricultural diversification is a possible path to promote sustainability in agriculture,
considering ecological and socioeconomic aspects. Thus, this paper aims to develop an indicator
that could assess the agricultural diversification of the municipalities of Minas Gerais, in order to
understand the dynamics of agriculture in the state. Our results show that most of the municipalities
(76%) presented a “high” or “very high” diversification, and it can be explained by the strong presence
of family farming. However, the share of the gross domestic product (GDP) of these municipalities
relative to agriculture activity is relatively low, highlighting that economic sustainability has not been
fully achieved yet. In addition to the producer’s interest in increasing agricultural diversification, it
is important to ensure a rural development public policy fostering diverse agricultural production
systems aligned with environmental sustainability standards.
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1 INTRODUCAO

A demanda por alimentos aumenta a medida que a populacdo mundial vai crescendo, e o cendrio
previsto para os préximos anos ndao se mostra animador: a Organizacdo das Nagbes Unidas (ONU)
estima que em 2100 seja alcancada a marca de 11,2 bilhGes de pessoas no planeta (ONU, 2017). Essa
perspectiva requer que a agricultura assuma uma forma de organizagdo que seja capaz de suprir as
necessidades alimentares e econémicas da populacgdo.

Nesse contexto, destaca-se o processo de intensificacdo da agricultura, que visa aumentar a quantidade
de alimentos produzida por unidade de area (produtividade), especialmente com o emprego de
tecnologias que permitam a producdo em larga escala, geralmente utilizando a monocultura como
forma de producdo. Além da alimentacdo, as monoculturas destinam-se também a producdo de
biocombustiveis, cuja produ¢do apresenta aumento ano apds ano (IEA, 2019). Considerando apenas a
producdo brasileira de cana-de-acucar destinada ao setor sucroenergético, foram colhidos 8,6 milhdes
de hectares na safra 2018/2019 (BRASIL, 2019), o que corresponde a 85% da &rea total plantada de
cana no Pais (IBGE, 2019a) e reforca a posi¢do de destaque do agronegdcio na economia brasileira.

A expansdo para novas areas agricolas e a intensificacdo das areas ja existentes contribuiriam para o
aumento da producdo que a nova demanda mundial requer (TILMAN et al., 2011). Sabe-se, no entanto,
que muitos impactos ambientais estdo associados a atividade agricola, especialmente as monoculturas,
como, por exemplo, a degradacdo dos solos e a eutrofizacdo (KASTNER, M.; KASTNER, T.; NONHEBEL,
2011), perda de biodiversidade (PERFECTO VANDERMEER, 2010), emissdo de gases de efeito estufa
(GEE) devido as mudangas ocasionadas no uso da terra e a utilizacdo de fertilizantes (BURNEY; DAVIS;
LOBELL, 2010), entre outros.

Atualmente, diversas regides no mundo encontram-se dominadas por monoculturas, sendo que estas
substituem ecossistemas que anteriormente eram marcados por uma elevada riqueza de espécies.
Dessa forma, a agricultura foi uma das grandes responsaveis por simplificar e homogeneizar diversos
ecossistemas em todo o mundo (TILMAN, 1999).

Uma das propostas técnicas para reduzir a simplificacdo da paisagem é a promocao da diversificacao
de culturas agricolas (KASSAM; FRIEDRICH, 2012), que pode ser feita por meio da implantagao de duas
ou mais atividades agricolas em uma mesma propriedade rural (SANTANA; FERREIRA; ALENCAR, 2009).
A diversificacdo pode diminuir os riscos da monocultura como principal fonte de renda do produtor e
aumentar a sustentabilidade, tanto do ponto de vista econémico quanto do ponto de vista das paisagens
naturais. No ambito da agricultura familiar, existe uma série de vantagens associadas a diversificacao
da agricultura: o aumento de possibilidades de comercializagcdo ao longo do ano, o resgate de cultivos
de produtos tradicionais, o abastecimento da prépria familia, a ampliacdo de renda e a melhoria nas
condicGes de vida da familia como um todo (BARBOSA et al., 2016; HAAS, 2008).

Michler e Josephson (2017), por exemplo, avaliaram o impacto da diversificacdo de culturas agricolas
em familias de regides mais desfavorecidas na Etidpia, e conseguiram quantificar, pela andlise de dados
estatisticos oficiais do pais, que as que apresentam uma diversificacdo de culturas em suas propriedades,
possuem, em média, menores indices de pobreza. Além disso, verificou-se que a diversificacdo da
producdo agricola reduz a probabilidade de uma familia economicamente fragil entrar em situacao
de pobreza. Em um contexto semelhante, Waha et al. (2018) afirmam que, em ambito familiar, a
diversificacao da agricultura é mais bem-sucedida em garantir a seguranca alimentar.

O conceito de sustentabilidade tem sido muito discutido e adotado nas questdes ambientais nas Ultimas
décadas. No entanto, tem sido pouco utilizado no contexto da paisagem. Paisagens sustentaveis,
segundo o Instituto Internacional para Sustentabilidade, sdo aquelas que assumem o desafio de
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“conciliar interesses sociais, econdmicos e ecoldgicos, integrando-os aos processos de planejamento
territorial nas diferentes escalas de atuacdo, seja no meio urbano ou nao, nas areas degradadas ou nao”
(1S, 2015, p. 7). Tratando especificamente do meio rural, a sustentabilidade das paisagens visa entdo
estabelecer condi¢des para que a conservacdo da biodiversidade e o desenvolvimento de atividades
produtivas sejam combinados em dreas comuns.

Considerando o contexto da agricultura sustentavel e a importancia da utilizacdo de indicadores
gue sejam capazes de avaliar a sustentabilidade no ambito da paisagem, é necessaria a formulacdo
de métricas que sejam capazes de quantificar os aspectos da paisagem relativos as dimensdes
socioecondmica e ambiental. Como a diversidade da producdo agricola é uma das possibilidades para
aumentar a sustentabilidade da paisagem rural, é importante a proposicdo de indicadores que sejam
capazes de avaliar a diversificagdo da produgdo agricola em ambito municipal.

2 AGRICULTURA E DIVERSIFICACAO EM MINAS GERAIS

A agricultura apresenta uma grande relevancia no contexto histérico e econdmico de Minas Gerais.
A sua pratica estd intimamente relacionada ao desenvolvimento da mineragdo no estado, a partir do
século XVIIl, mas inicialmente como atividade de subsisténcia. A atividade sé ganhou uma posi¢do
de destaque com o declinio da mineragdo, quando houve o surgimento de novos mercados para os
produtos durante o século XVIII (MINAS GERAIS, 1978).

A agricultura mineira ganhou novamente grande importancia no inicio do periodo republicano
brasileiro, quando a cafeicultura se mostrou como um dos grandes pilares da economia do Pais. Em um
momento posterior, visou-se a diversificacdo produtiva para consolidar uma agropecudria forte, capaz
de sustentar um processo de industrializagdo vigoroso (GARCIA; ANDRADE, 2007).

No cendrio atual, a agricultura ainda apresenta uma grande importancia no contexto socioeconémico
de Minas Gerais. De acordo com dados do MapBiomas, as areas destinadas a agricultura apresentaram
um aumento significativo em um curto espaco de tempo: passaram de aproximadamente 635.000
ha no ano de 1985 para 3.575.000 ha em 2018 (PROJETO MAPBIOMAS, 2020). Além disso, o PIB do
agronegdcio foi responsavel por 33,5% do PIB total do estado (EMATER, 2018).

Segundo dados do Censo Agropecuario de 2017, o estado possui 607.557 estabelecimentos rurais,
perdendo em quantidade apenas para o estado da Bahia. Além disso, esses estabelecimentos ocupam
aproximadamente 65% do territdrio mineiro (IBGE, 2019b). A agricultura familiar também exerce
grande importancia em Minas Gerais: dados do mesmo censo indicam a existéncia de mais de 440 mil
estabelecimentos familiares no estado, o que corresponde a 73% do total de estabelecimentos rurais
de Minas Gerais (IBGE, 2019b).

Considerando a relevancia da agricultura familiar no cenario mineiro, o estado ganha destaque também
qguando é analisada a diversificacdo da producdo agricola. Segundo a pesquisa de Produgdo Agricola
Municipal (PAM) de 2018, Minas Gerais é o estado que apresenta a maior variedade de culturas
(temporarias e permanentes) no Pais: das 71 analisadas na pesquisa, 52 sdo encontradas no estado (IBGE,
2019a). No entanto, os efeitos concretos da diversificacdo ainda ndo sdo amplamente compreendidos, de
forma que o incentivo para essa pratica ainda ndo alcangcou o seu completo potencial.

Dessa forma, este trabalho tem como objetivo quantificar a diversidade produtiva agricola de cada
um dos municipios de Minas Gerais, por meio de um indicador consistente, e avaliar de que forma
essa diversidade produtiva agricola se encontra refletida nos demais indicadores socioeconémicos e
ambientais do estado.
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3 MATERIAIS E METODOS
3.1 COLETA DE DADOS

A coleta de dados foi realizada tendo como fonte a pesquisa de Produgdo Agricola Municipal (IBGE,
2019a). A primeira etapa consistiu na tabulagdo da area plantada para cada uma das culturas agricolas
cuja quantidade produzida fosse, no minimo, uma tonelada e distribuidas em, no minimo, um hectare.
Para tanto, decidiu-se utilizar os valores referentes a média dos anos de 2014 a 2018, com o objetivo
de diminuir excepcionalidades eventualmente verificadas em alguns anos da série histérica. Com esses
dados, foi possivel calcular o indice de diversidade da producdo agricola para cada municipio usando o
indice de Simpson, conforme descrito na secdo 3.2.

Em seguida, esse dado foi comparado a outras varidaveis que permitem delinear o perfil produtivista e
conservacionista dos municipios de Minas Gerais. Foram selecionadas as seguintes variaveis:

Porcentagem de drea antropizada por municipio

A porcentagem de drea antropizada mede o grau da interven¢do humana nas paisagens.
Como a produgdo agropecuaria requer area disponivel para seu desenvolvimento, assume-
se que o aumento da area antropizada esta relacionado ao favorecimento do aspecto
produtivista dos municipios. Para tanto, utilizou-se a base de dados da Fundacdo Brasileira
para o Desenvolvimento Sustentavel — FBDS (FBDS, 2018).

Contribuicdo da agropecudria no Produto Interno Bruto (PIB) municipal

A parcela que a atividade agropecudria adiciona ao PIB municipal é um importante
indicador da dimens3do desse setor na economia local. Quanto maior o valor, maior é a
predominancia da atividade, o que mostra um forte cardter produtivista dos municipios.
Esse mesmo indicador foi utilizado por Pinto Correia et al. (2016) para avaliar a dimensao
produtiva da ocupag¢do humana nos espacgos rurais. Para o calculo desse indicador, foi
avaliada a porcentagem do valor adicionado bruto da agropecuaria (VAB) sobre o valor
total do PIB municipal, relativo ao ano de 2016 (IBGE, 2016).

Distancia média ao vizinho mais proximo (fragmentos florestais)

A distancia média do vizinho mais préximo é uma das métricas da paisagem utilizadas para
avaliar a fragmentacdo da paisagem — nesse caso, da classe de florestas. A fragmentacdo
florestal provoca diversas consequéncias negativas, como a perda de habitats, de
biodiversidade, alteragdo nas interacGes ecoldgicas, entre outras (SOUZA et al., 2014).
Quanto maior a distancia entre os fragmentos, maior o grau de isolamento verificado, o que
se mostra prejudicial a conservagao da biodiversidade. Neste estudo, a analise da distancia
média do vizinho mais proximo de fragmentos de dreas florestais foi feita utilizando a base
de dados da FBDS (FBDS, 2018). Foi selecionada a classe “formacao florestal” para a andlise
no software FRAGSTATS 4.2.1.

Tamanho médio dos fragmentos florestais

O tamanho médio dos fragmentos florestais é outra métrica da paisagem utilizada para
avaliar a fragmentacdo da paisagem — fragmentos maiores sdo usualmente melhores para
promover a conectividade e a conservagdo da biodiversidade (VALENTE; VETORAZZI, 2005).
E importante destacar, no entanto, que foi considerada a area total do fragmento, incluindo
a chamada area de borda. Como a escala de trabalho envolve todos os municipios de Minas
Gerais, abrangendo biomas e ecossistemas distintos, julgou-se inadequado assumir um
valor Unico de borda para todas as areas. Dessa forma, considerou-se apenas o elemento
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estrutural da paisagem, sem considerar o aspecto funcional. A andlise do tamanho médio
dos fragmentos de areas florestais foi feita utilizando, novamente, a base de dados da FBDS.
Foi selecionada a classe “formacao florestal” para a analise no software FRAGSTATS 4.2.1.
Porcentagem de APPs riparias por municipio

As Areas de Protecdo Permanente sdo instituidas por meio de dispositivos legais, segundo
critérios previamente estabelecidos (BRASIL, 2012). Dessa forma, as APPs foram adotadas
como um critério na avaliacdo do perfil conservacionista dos municipios por ser um fator
comum a todos eles. As APPs dos municipios mineiros foram obtidas na base de dados da
FBDS. Essas areas abrangem apenas as APPs ripdrias, tendo sido calculada a porcentagem
de APPs dentro da area do municipio.

3.2 CALCULO DO iNDICE DE DIVERSIDADE PRODUTIVA DOS MUNICIPIOS

A partir dos valores encontrados, calculou-se a diversidade produtiva de cada um dos municipios
por meio do indice de Diversidade de Simpson (Simpson Index of Diversity — SID) (SIMPSON, 1949),

utilizando a seguinte relagado:
N X 2
E i
=1 =1

Onde: X = drea ocupada por cada produto e N = numero de produtos agricolas produzidos no municipio
que ocupam mais de um hectare e cuja quantidade excede uma tonelada.

Esse indice varia de 0 a 1, sendo 0 o municipio que apresenta apenas um tipo de producdo agricola, e
aumenta até o valor de 1 conforme aumenta a diversidade.

Os valores obtidos para cada municipio foram associados a uma base de dados geografica (shapefile de
municipios de Minas Gerais elaborado pelo IBGE), de forma a gerar um mapa de diversidade agricola.

Os municipios foram agrupados em cinco classes distintas previamente determinadas:
Diversificagdo muito baixa: SID < 0,20;
Diversificacdo baixa: SID >0,20 e <0,40;
Diversificacdo média: SID >0,40 e < 0,60;
Diversificacdo alta: SID >0,60 e < 0,80;

Diversificacdo muito alta: SID >0,80.

3.3 ANALISE ESTATISTICA

Primeiramente, verificou-se a normalidade dos dados trabalhados, por meio da aplica¢do do teste de
Kolmogorov-Smirnov. Apds essa verificacdo, foram calculadas as estatisticas descritivas dos dados e
também a correlacdo entre a diversidade produtiva agricola e as demais varidveis analisadas. Todas as
analises foram desenvolvidas no software estatistico SPSS 19.
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4 RESULTADOS E DISCUSSAO

ATabela 1 mostra os valores obtidos na andlise de estatistica descritiva realizada no software SPSS, enquanto
a Figura 1 mostra a distribuicdo dos valores calculados para o indice de diversidade produtiva agricola.

Tabela 1 | Estatistica descritiva das variaveis analisadas

Variavel Numero de ocorréncias | Valor minimo | Valor mdximo Média Desvio

Padrdo
SID 853 0,00 0,88 0,66 0,13

CONTRIBUICAO DA
AGROPECUARIA NO PIB 853 0,00 0,72 0,17 0,12
MUNICIPAL
PORCENTAGEM DE AREA
ANTROPIZADA 853 0,09 0,94 0,67 0,16
AREA MEDIA DAS MANCHAS (HA) 853 1,02 70,30 6,32 5,53
DISTANCIA DO VIZINHO MAIS

PROXIMO (M) 853 25,40 246,64 62,76 22,85
PORCENTAGEM DE APPS RIPARIAS 853 0,01 0,61 0,11 0,05

Fonte: Elaborada pelas autoras.

Conforme os resultados das varidveis socioeconémicas apresentadas na Tabela 1, a contribuicdo da
atividade agropecuaria no PIB municipal dos 853 municipios mineiros varia de 0 a 72%, enquanto a
area antropizada varia de 0,9 a 94%. Em relacdo aos resultados de métricas da paisagem, a Tabela 1
mostra que a area média das manchas de floresta varia de 1 a 70,3 hectares, sendo a média e o desvio
padrdo 6,32 e 5,53, respectivamente. J4 em relacdo a distancia média do vizinho mais préximo entre
fragmentos florestais, os valores médios por municipio variam entre 25 e 246 metros. Por fim, a Tabela
1 mostra que, em média, municipios mineiros tém 11% do seu territério em area de APP ripdria.
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Figura 1 | Distribuicdo dos valores calculados para a diversidade produtiva agricola.
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Ainda de acordo com a Tabela 1, a média e o desvio padrdao do indice de diversidade produtiva
agricola dos 853 municipios de Minas Gerais é de 0,66+0,13. Apds o calculo do indice para cada um
dos municipios, verificou-se que 1,6% dos municipios mineiros sdo classificados com uma diversidade
produtiva muito baixa, 2,6% como diversificacao baixa, 19,5% como diversificacdo média, 64,7% como
diversificacdo alta e 11,6% apresentam diversificacdo muito alta.

A Figura 2 mostra o mapa com a classificacdo da diversidade produtiva dos municipios de Minas Gerais.
Entre os municipios classificados como muito pouco diversificados, verifica-se uma forte concentragao
na regido do Triangulo Mineiro. Isso pode ser explicado pela exploracdo do agronegdcio que acontece
na regido, desenvolvida por empresarios rurais de médio e grande porte e que fazem uso intensivo
de tecnologia, o que permitiu tornar essa regido agricola como a mais dindmica e desenvolvida do
estado (BASTOS; GOMES, 2011). Os demais municipios encontram-se dispersos em diversas regides do
estado, sendo que uma possivel explicacdo para a baixa diversificacdo pode estar relacionada ao fato
de a agropecudria ndo ser uma das principais atividades econémicas desenvolvidas nessas areas, de
acordo com dados sobre o Produto Interno Bruto (PIB) municipal (IBGE, 2016). Nesse grupo destaca-
se 0 municipio de Belo Horizonte, capital do estado, onde ndo foi verificada nenhuma informacao de
producdo agricola, de forma que o indice calculado assumiu o valor zero.

Fatores geograficos podem ser também uma explicacdo para os diferentes niveis de diversificacdo
verificados no estado. Observa-se, por exemplo, na regido intermediaria de Juiz de Fora (que abrange
parte daantigaZonadaMata) umaforte concentracdo de municipios classificados com umadiversificacdo
mediana. Isso pode ser explicado pelo relevo acidentado com encostas ingremes presentes na regiao, o
gue pode ser considerado um obstdculo a produgado agricola, sendo as zonas mais férteis limitadas aos
vales da regido (BASTOS; GOMES, 2011).

As duas categorias de municipios com maiores valores para o indice de diversidade abrangem 651
municipios (76,3% do total de municipios de Minas Gerais), que se encontram homogeneamente
distribuidos no estado. Esses resultados reforcam a importancia de Minas Gerais no cendrio agricola
brasileiro, e indicam também a relevancia da agricultura familiar no estado, visto que a diversificagao é
uma pratica intrinsecamente associada a essa modalidade de producédo.

48 “DF'D"W 44"0:0“W 40"0;0”W

PR,

.
S 1:”‘?

|

154 UI'O"S
T
15°0'0"S

<

L0

18°L;l'0"S
T
18°0'0"S

Agricultural
diversity

I very low
[ Low

[ Medium
[ High

I Very High
GEOGRAPHIC COORDINATE

SYSTEM
Datum: SIRGAS 2000

2 “L;I'(J"S
T
21°0'0"S

260

48°00'W 44°00'W 40°00"W

Figura 2 | Diversidade produtiva no estado de Minas Gerais.
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Agricultura e paisagens sustentdveis: a diversidade
produtiva do setor agricola de Minas Gerais, Brasil

E importante compreender, todavia, de que forma a diversidade produtiva encontra-se refletida em
aspectos produtivistas e de conservacdo no estado. Para tanto, procedeu-se a analise estatistica, onde
foi verificado que os dados ndo seguem a distribuicdo normal, o que implica na escolha do coeficiente
de correlacdao de Spearman para verificar qual a relagdo entre as variaveis. O resultado da andlise de
correlacdo encontra-se no Anexo 1.

No caso dos dados trabalhados, ndo foi verificada uma correlagao significativa (a = 0,05) entre o indice de
diversidade produtiva e as varidveis: area média das manchas florestais, porcentagem de APPs ripdrias,
contribuicdo da agropecudria no PIB municipal e porcentagem de dreas antropizadas no municipio.

A Unica correlacdo significativa obtida, entre as varidveis analisadas, foi em relacdo a varidvel “distancia
média do vizinho mais préximo (para fragmentos florestais)”. Verificou-se que o aumento do indice
de diversificagdo esta relacionado a diminuicdo da distancia média do vizinho mais préximo entre os
fragmentos florestais, como mostra o valor negativo para a correlagdo (-0,073).

Ainda que o valor obtido ndo seja muito elevado, esse resultado pode ser considerado um indicativo
de que a diversificacdo produtiva pode estar positivamente associada ao aumento da conectividade
entre fragmentos florestais (sem considerar grupos focais especificos), o que, por sua vez, favorece a
conservacgao da biodiversidade. O Anexo 2 mostra a diferenca entre as médias das variaveis analisadas
para cada um dos cinco grupos de diversificacdo agricola, e é possivel verificar a reducdo da distancia
média conforme o grau de diversificacdo aumenta.

O mapa apresentado na Figura 3 mostra como os municipios se comportam em relagdo a variavel
“distancia média do vizinho mais préximo entre fragmentos florestais”. Quanto menor for a distancia
média do vizinho mais préximo entre os fragmentos florestais remanescentes, maior a probabilidade
de acontecer a conservacao da biodiversidade, visto que o isolamento dos fragmentos tem um efeito
negativo sobre a riqueza de espécies, diminuindo a taxa (potencial) de imigragdo ou recolonizacdo
(ALMEIDA, 2008). Com isso, verifica-se um aumento da sustentabilidade da paisagem, porém, apenas
do ponto de vista ecolégico.
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De uma maneira geral, verifica-se que o aumento da diversidade produtiva impacta positivamente
a paisagem em termos de conservag¢ao; no entanto, quando avaliado o aspecto social da paisagem,
relacionado a producdo agricola e a renda dela gerada, a diversidade produtiva ainda ndo exerce uma
influéncia significativa no sentido de melhorar os indices econémicos, que refletem diretamente na
questdo da sustentabilidade econémica.

E importante destacar que, neste trabalho, tratou-se exclusivamente da aplicagdo do conceito de
diversidade agricola, ao passo que outro conceito é importante para explicar a dinamica produtiva
do meio rural: trata-se da diversificacdo rural, que consiste em aliar, além das atividades agricolas,
outras atividades ndo agricolas, de forma a explorar todas as potencialidades que a propriedade/
regido possui. Alguns autores (SILVA, 2001 apud SANTANA; FERREIRA; ALENCAR, 2009) pontuam que
a diversificagdo da agricultura por si s6 ndo é capaz de promover o incremento de renda suficiente
para reduzir a dependéncia dos produtores em relagdao aos mercados locais de trabalho, o que pode
justificar a baixa correlagdo entre o indice de diversidade agricola e as varidveis de natureza econémica.

Ainda que a diversificagdo agricola tenha o produtor como um dos principais atores sociais, destaca-
se que o sucesso dessa acdo ndo depende exclusivamente dele. E necessario que haja uma politica
de desenvolvimento rural associada, de forma que seja possivel gerar uma cadeia complexa de
interacOes reciprocas entre todos os eixos (crédito, pesquisa agricola, assisténcia técnica e extensdo
rural), garantindo assim o acesso a terra e a tecnologias para a producdo e o manejo sustentavel de
seus estabelecimentos (BITTENCOURT, 2002 apud SANTANA; FERREIRA; ALENCAR, 2009). Assim, fica
evidente que o alcance da sustentabilidade das paisagens por meio da diversificacdo agricola deve
ser fruto das ac¢Ges de diversos setores da sociedade, tendo a esfera publica (governos municipais e
estadual) um papel fundamental para a consolidagdo da diversidade produtiva agricola.

5 CONCLUSAO

O desenvolvimento de estratégias de sustentabilidade em areas rurais tem se mostrado um grande
desafio, pois o conceito de sustentabilidade da paisagem tem tido dificuldades em assumir um papel
relevante, dada a complexidade inerente ao processo de gestdo da paisagem. Um dos diversos desafios é
o desenvolvimento de métricas para acompanhar o progresso e permitir o gerenciamento das paisagens.

Ao longo deste trabalho foi desenvolvido o indice de diversidade produtiva agricola, que pretendeu
ranquear os municipios de Minas Gerais em relacdo a sua diversidade produtiva agricola. Verificou-se
gue a maior parte dos municipios mineiros (76,3%) foi classificada com uma diversidade produtiva
agricola alta ou muito alta, o que confirma a posi¢do do estado como o mais diversificado do Pais.

No entanto, essa diversificacdo ainda ndo se encontra plenamente refletida em indicadores econ6micos
e ambientais, o que mostra que ainda ha uma necessidade de implementar uma série de acdes que
sejam, de fato, voltadas para garantir a sustentabilidade das paisagens, tanto no aspecto ambiental
guanto econdmico. Considerando que cada municipio apresenta uma realidade particular, com
problemas e pontos fortes que ndo sdo necessariamente verificados em todos os casos, é desejavel
gue sejam elaborados diferentes portfélios de politicas publicas, que sejam direcionados a realidade
local e que garantam o envolvimento de todos os atores sociais, a fim de gerar resultados duradouros.
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Agricultura e paisagens sustentdveis: a diversidade
produtiva do setor agricola de Minas Gerais, Brasil

ANEXO 1 — ANALISE DE CORRELACAO ENTRE VARIAVEIS

Correlations
< L . Distdncia . .
Area Média Média 9% APPs Contr/b., _ %Areq
SID das Manchas . Agropecudria | Antropi-
Fragmentos | hidricas
(ha) . PIB zada
Florestais (m)
SID Correlation 1,000 ,003 -073° -,063 -,055 -,056
Coefficient
Sig. (2-tailed) ,928 ,034 ,068 ,107 ,101
N 853 853 845 853 853 853
AREA MEDIA DAS Correlation v . . .
MANCHAS (HA) Coefficient /003 1,000 ~168 »107 ~189 558
Sig. (2-tailed) ,928 ,000 ,002 ,000 ,000
N 853 853 845 853 853 853
DISTANCIA
MEDIA Correlation
FRAGMENTOS - -,073" -,168™ 1,000 -,092" , 1117 ,533"
Coefficient
g FLORESTAIS (M)
g Sig. (2-tailed) ,034 ,000 ,007 ,001 ,000
;Z( N 845 845 845 845 845 845
> i ;
% | % ApPPs HiDRICAs | COrrelation -,063 -,107™ -,092" 1,000 -,134" ,040
< Coefficient
& Sig. (2-tailed) ,068 ,002 ,007 ,000 ,242
N 853 853 845 853 853 853
CONTRIB.
AGROPECUARIA | Correlation 055 189" 1117 134" 1,000 165"
Coefficient
PIB
Sig. (2-tailed) ,107 ,000 ,001 ,000 ,000
N 853 853 845 853 853 853
% AREA Correlation - - .
ANTROPIZADA Coefficient ~056 -558 233 040 /165 1,000
Sig. (2-tailed) ,101 ,000 ,000 ,242 ,000
N 853 853 845 853 853 853

*, Correlation is significant at the 0.05 level (2-tailed).

**_ Correlation is significant at the 0.01 level (2-tailed).

Fonte: Elaborado pelas autoras.
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ANEXO 2 - ESTATI;STICA DESCRITIVA DAS VARIAVEIS ANALISADAS POR GRUPO
DE DIVERSIFICACAO

Distdncia mé-

Contribuigéo

Area média | dia do vizinho B . ,
. . . C % APPs da agrope- % drea an- Numero
Diversidade dos fragmen- | mais préximo hidri . PIB 700, de cul
Produtiva tos florestais | (fragmentos laricas por | cuaria no tropizada por e culturas
(ha) florestais) municipio municipal municipio (unid.)
(m) (%)
MEDIA 5.43 100.11 8.41 13.69 69.36 7.64
MUITO MEDIANA 5.84 117.84 7.17 9.24 81.96 8.00
BAIXA
F?AEIDSI\R/,JS% 2.12 47.01 3.94 13.79 23.99 5.06
MEDIA 5.28 72.03 10.89 20.61 73.17 11.27
BAIXA MEDIANA 4.38 63.51 11.32 18.79 78.96 11.00
PDAESI\R/%‘% 3.22 24.84 5.66 12.87 15.20 5.62
MEDIA 5.80 64.33 12.68 17.50 69.02 11.21
MEDIA MEDIANA 4.76 59.02 13.16 17.18 71.98 11.00
e 3.36 23.93 4.07 11.31 13.56 4.64
MEDIA 6.29 61.43 11.47 17.24 67.23 13.86
ALTA MEDIANA 4.79 57.06 11.23 15.15 71.62 13.00
oS 5.61 21.00 4.87 11.73 16.27 4.95
MEDIA 7.72 60.13 11.86 16.11 62.85 15.36
MUITO MEDIANA 5.53 53.64 11.02 12.26 68.95 15.00
ALTA
e 8.00 20.65 7.07 13.32 20.13 4.52
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ABSTRACT

Non-Timber Forest Products (NTFP), contribute to the livelihoods of over 6 million people in Amazon and
over 4 million people in the Cerrado biomes. Here we explored data on the socio-ecology of extractivist
landscapes at the biome scale in Amazonia and Cerrado in Brazil. We found that there are market
chains for 45 and 58 NTFPs in Brazilian Amazon and Cerrado, respectively. Although there is a vast
repertoire of empirical data for characterizing sociobiodiversity in Brazil this body of literature is mostly
case-study driven, focusing on a very limited number of products and using different methodological
approaches. Therefore, although there is a robust research legacy meaningful comparisons are very
challenging. So far we have a fragmented view of vegetal extractivist dynamics at the biome scale. Our
work contributes to upscale from the socioecology of individual NTFP to the biome scale encompassing
a variety of products and its associated livelihoods.

Extractivist landscapes. Socio-Ecological Systems. Sustainable use. Sociobiodiversity.

RESUMO

Os produtos florestais ndo madeireiros (PFNM) contribuem para a subsisténcia de mais de 6 milhdes de
pessoas nos biomas da Amazdénia e mais de 4 milhdes de pessoas do Cerrado. Aqui exploramos dados sobre
a socioecologia de paisagens extrativistas nos biomas da Amazénia e Cerrado no Brasil. Descobrimos que
existem cadeias de mercado para 45 e 58 PFNM na Amazénia brasileira e no Cerrado, respectivamente.
Embora exista um vasto repertorio de dados empiricos para caracterizar a sociobiodiversidade no
Brasil, a literatura sobre este tema é principalmente orientada por estudos de caso, concentrando-se
em um numero muito limitado de produtos e utilizando diferentes abordagens metodoldgicas. Portanto,
embora exista um legado de pesquisa robusto, as comparagdes significativas sGo muito desafiadoras.
Até agora, temos uma visGo fragmentada da dindmica extrativista vegetal na escala do bioma. Nosso
trabalho contribui para melhorar a escala individual da socioecologia de PFNM para a escala do bioma,
abrangendo uma variedade de produtos e seus meios de subsisténcia associados.

Palavras-chave: Paisagens extrativistas. Sistemas Socioecoldgicos. Uso Sustentdvel. Sociobiodiversidade.

1 INTRODUCTION

Cerrado and Amazon biodiversity in Brazil live together with a variety of sociocultural groups: over
644,000 families of ribeirinhos' agro-extractivists, 204 indigenous tribes of over 605,000 families and over
4,500 families of Quilombolas?, creating a rich cultural heritage, singular Traditional Ecological Knowledge
(TEK), and skilled traditional abilities. In Brazil, these traditional communities’ use and trade raw materials
of surrounding Amazon forests and Cerrado biomes as part of their livelihoods. These raw materials
thereafter referred to as Non Timber Forest Products (NTFP), have been for centuries contributing to
traditional livelihoods both for family consumption and trade. Despite decades of a prolonged debate
on the role of the Non Timber Forest Products (NTFP) in contributing to traditional livelihoods as well
as to reduce deforestation (PETERS, GENTRY et al. 1989, HUMPHRIES, HOLMES et al. 2012) a number of
paradoxes remain. Historically, the appeal of these products (e.g. rubber) as an development option has
faded with failure as was the utopian case of Fordlandia (Grandin 2010). The linkages between extractivist
activities and conservation of biodiversity is fragile (Homma 2008), and a number of threats remain for
example to the sustainability of Brazil nut collection (Peres, Baider et al. 2003).

Although acknowledging the challenges involved on the use and trade of NTFP, still nowadays, those

products contribute to the livelihoods of over 6 million people in Amazon and over 4 million people®
in the Cerrado biomes. These traditional livelihoods in addition to collection of NTFP also include small
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scale farming and agro husbandry. One of the problems is that those products that are part of traditional
livelihoods are associated to a lower capacity to generate household income. Often, as extractivist
products enter the world market as “commodities”, the market value of these raw-materials collected
in native Amazonian forests or cerrado savannas is low, when compared from estimates based in local
markets (Peters, Gentry et al. 1989). Moreover rents from extractivist activities of NTFP are eclipsed
either by products originating in intensive cultivation processes in other parts of the world (e.g. rubber
monocultures in China) or by other higher income activities such as cattle ranching associated to
deforestation (e.g. cattle grazing) and “cowboy” imagery (Carvalho Ribeiro, Soares Filho et al. 2018).

Aware of the limitations on keeping native vegetation standing while contributing to socio ecological
developments, Government policies and civil society alike, often in collaboration to International
players (such as World Bank, FAO, European Union) have been encouraging management plans for
those products to both conserve native vegetation and ensuring traditional livelihoods. In most of the
cases, the development of management plans (for example of sustainable use reserves), is based on
bottom up participatory processes involving traditional communities often associating to programs of
Payment for Ecosystem Services (PES) (Wunder, Angelsen et al. 2014). In parallel, for overcoming this
“NTFP market failure”, raw materials and low-processed products collected and traded by extractivists
have been nurtured by governments’ worldwide and civil society alike. These products were awarded
in 2009 as formal recognition of Brazilian Socio-biodiversity (MMA 2009). Despite decades of public
investment and very rich body of “local” case studies and participatory management plans, little is
yet known as how to frame governance arrangements for extractivist landscapes in biomes such as
Amazonia and Cerrado.

This work aims at exploring and draws a reflection on possible ways for framing governance for traditional
extractivist livelihoods in biomes such as Amazonia and Cerrado. This paper explores possible multiscale
governance strategies that may contribute to overcome the dilemmas of extractivist activities in Brazil.
This work advances the state of the art by including non-material goods associated with these products,
for example, landscape identity and traditional local knowledge (TEK Traditional Ecological Knowledge)
through its association with cultural ecosystem (Carvalho Ribeiro, Soares Filho et al. 2018).

The results present the characterization and mapping of the sociobiodiversity associated to vegetal
extractivism in the Brazilian Amazon and Cerrado using a unique conceptual model of the Multilevel
Perspective [6]. According to the typology of Sociotechnical Transitions (Geels & Schot, 2007), we
consider the diversity of products in each biome as a socio technical regime (Figure 1). Following this
framework, each biome is considered as a socio technical regime with its diversity of products, however
to analyze its diversity of production systems we will explore only two products in each biome. We
particularly focus on four NTFP, two in Cerrado and two in Amazon biomes. One product is of wide
and another narrow scope in terms of geographical distribution. Our major goal is to specify which
governance mechanisms (bottom up and top down) can improve the transition to sustainability in
extractivist landscapes in two of the most emblematic biomes in Brazil.

The questions we address are as follows:
Which sources of literature refer to the diversity of NTFPs in Cerrado and Amazon?
Which are major characteristics of the Amazon and Cerrado socio technical regimes
concerning: Productive cycles species/productivity (tons per ha), seasonality, Markets,
Technology used Norms & Politics, Traditional Ecologycal Knowledged (TEK) associated and

Science, research & development

Which multiscale governance mechanism can lead extractivist landscapes in Amazon and Cerrado
biomes towards sustainability?
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2 METHODS
2.1 CONCEPTUAL FRAMEWORK

We use a unique conceptual model of the Multilevel Perspective for analyzing Amazon and Cerrado
Biomes. According to the typology of Socio-Technical Transitions (Geels 2011, Geels & Schot, 2007),
we consider the diversity of products in each biome as a socio technical regime (Figure 1). At the
bottom of the socio technical regime, and in order to transform the socio technical regime to a more
sustainable state, there might be niche innovations that may lead the regime to a sustainable transition.
Those niche innovations can increase momentum through the learning process as well as bottom up
performance improvements.

These bottom-up innovations can eventually pressure “socio-technical regimes”. When pressure is
placed on Socio-Technical Regimes, it creates “windows of opportunity” for niche innovations. However,
not all niche innovations and innovative technologies will be able to become part of the new regime
without the influence of the external player (often top down processes). In many cases the transition
to sustainability occurs when bottom up niche innovations are reinforced by top-down external factors
such as finance, legislation or education.

Increasing structuration
of activities in local practices
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Figure 1 | Multi Level Perspective.
Source: Geels (2011).

We analyze each biome (Amazon and Cerrado) as a Socio-Technical regime and we explore Productive
cycles of NTFP, Markets, Technologies, Policies Culture and Traditional Ecological Knowledge (TEK) and
finally Science, research & development.
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2.2 DATA COLLECTION AND LITERATURE REVIEW

After defining the conceptual framework, we collected data from Governmental and Non-Governmental
organizations able to describe the dynamics of extractivist products in Brazil. We started by downloading
data from IBGE and from the Ministry of Environment concerning the Sociobiodiversity chains (MMA,
2009). Based on the names of the municipalities and its NTFPs we assess the geographical distribution
of the sociobiodiversity chains in Brazil (Figure 2). We also reviewed literature able to systematize the
6 characteristics of the sociotechnical regime described in 2.1 above but also for exploring both “Niche
Innovations” and the “Socio Technical Landscape”, as shown in Figure 1. Niche innovations concern
small scale initiatives that are likely able to transform the regime. As niche innovations we describe
local initiatives developing in the last 20 years. We aim at capturing number of initiatives and its driving
forces as well as the type of actors developing these initiatives. The major goal is to assess evidence of
whether or not niche innovations in place can lead the Socio-Technical Regime towards a sustainable
transition. We will also look for evidences for characterizing the Socio-Technical Landscape and explore
whether or not there are top down initiatives likely to lead extractivist Socio-Technical Regimes into a
sustainable transition. Our review includes both scientific papers and grey literature. We review work
published from 2008 to 2018 (supplementary material 1 lists all the documents reviewed)

3 RESULTS

3.1 DATA SOURCES AND LITERATURE REFERRING TO THE DIVERSITY OF NTFPS IN
CERRADO AND AMAZON

The Brazilian statistics office IBGE (Instituto Brasileiro de Geografia e Estatistica) reports data on
production (in tons) and values of production (in thousand reais of 33 Non Timber Forest Products
- NTFP), which are organized into 6 different categories: Rubber, Waxes, Fiber, Tenants, Qils, Food,
Aromatic and Medicinal (Table 1). Shaded in Table 1 are the products awarded as Sociobiodiversity
chain*. The IBGE data set is based on municipal reports and does not explicitly refer to the products of
vegetal extractivist activities by biome.

Table 1 | NTFP organized into six IBGE categories.

Rubber Waxes Fiber Tanantes Oils Food Aromatic/ medic.
Hévea Carnauba Babacu
(coagulated Buriti Angico (shell) Acai (fruit) Jaborandi (leaf)
(wax) (almond)
latex)
Hévea (liquid Carnauba Carnatiba Barbatimao Copaiba (oil) Castan.ha de Urucu (seed)
latex) (powder) (shell) caju
Macaranduba Others Piacava Others Cumuru Castanha-do- Others
(almond) Pard
Sorva Other Licuri Erva-mate
(coconut)
e Mangaba
QOiticica (seed) (Fruit)
Pequi .
(almond) Palmito
Tucum R
(almond) Pinhdo
Others Umbu (fruit)

Sustainability in Debate

Source: IBGE (2015).

NTFP shaded are included into the Socio Biodiversity plan by (MMA 2009).
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Inadditionto IBGE data, the National Planfor promotingthe sociobiodiversity chains developed by the Ministry
of environment in 2009, lists the names of the municipalities that were awarded by the sociobiodiversity
program and the product that was selected in each municipality (called in portuguese “territorios da
cidadania”). Based on this data we were able to analyze the spatial distribution of the sociobiodiversity
chains in Brazil (Figure 2). As can be seen in Figure 2 infographic the majority of the municipalities comprising
the sociobiodiverity plan are located in the Northwest of the country notably in Amazonia.

A)

/Atlantic Forest
(&

Legend Legend
\:l Territories of Siociobiodiversity products chain Teritories of Sociobiodiversity chain [Jlll Brazil nut and Copaiba
[ srazilian Biomes N Brazil nut and rubber
Quantity produced of Sociobiodiversity product chain 2013-2017 Products Buriti
(Tons) B Acai B c:maiba
0 I Acar I copaiba
1-32 - Agcai and Brazil nut - Pequi
I 3 -6 Base map: IBGE (2019); SIDRA/ABGE (2019) I abau ) B Pecaa
I 167 - 957 Datum SIRGAS 2000 I Babacu and Buriti I Rubber
I 956 - 159.550 I 5razil nut

Figure 2 | National Plan of Sociobiodiversity plan, A) quantity produced of sociobiodiversity products chain (e.g. Acai, Brazil
nut, Rubber, Pequi, Babagu, Andiroba, Carnauba, Buriti, Copaiba and Piagava) between the year of 2013 — 2017 and B) spa-
tial distributions of the products chains.

Source: survey data (2019).

3.2 NON-TIMBER FOREST PRODUCTS IN THE CERRADO BIOME

The second largest biome in Brazil, the Cerrado covers an area of 2 million km2, corresponding to 204
million hectares. This represents almost a quarter of the country’s total land area. Notwithstanding being
home of about 46 million inhabitants Cerrado is considered a biodiversity hotspot holding about 12,000
species of plants (trees, shrubs, herbs and vines), 251 species of mammals, 856 species of birds, 262
species of reptiles, 209 species of amphibians, 800 species of fish , which partially shows the richness of
this biome. However, only 8.3% of the cerrado is protected. Deforestation has been steadily occurring
and as a consequence of this deforestation, several species of fauna (266) and flora (637) are already
threatened by extinction (Embrapa, 2019). Cerrado, has several subtypes and fitophisionomies (campo
sujo, campo limpo, cerradado), which are dependent on soil types, relief, groundwater, etc., results in a
great variety of products, the collection of which sustains many inhabitants of this biome (Table 2).
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Table 2 | Fruits from Cerrado biome and scientific names.

D Fruit Scientific name

1 Amora-Preta Bubus cf brasilliensis

2 Ananas Annas ananassoides

3 Aracd Psidium firmum

4 Araticum Annona crassiflora

5 Araticum-de-Casca-Lisa Annona coriacea

6 Araticum-Rasteiro Annona pygmaea

7 Araticum-Tomentoso Annona cf. tomentosa
8 Babacu Orbygnia cf. phalerata
9 Bacupari Salacia campestris
10 Banha-de-Galinha Swartzia langsdorfii
11 Baru Dypterix alata
12 Buriti Mauritia vinifera
13 Cagaita Eugenia dysenterica
14 Cajuzinho-do-Cerrado Spondia cf. lutea L.
15 Caju-de-Arvore-do-Cerrado Anacardium othonianum
16 Caju-Rasteiro Anacardium pumilum
17 Cajuzinho-do-Cerrado Anacardium humile
18 Chicha Sterculia striata

19 Coquinho-do-Cerrado Syagrus flexuosa
20 Croadinha Mouriri elliptica
21 Curriola Pouteria ramiflora
22 Fruto-do-Tatu Crhysophyllum soboliferum
23 Gabiroba Campomanesia cambessedeana
24 Gravata Bromelia balansae
25 Guapeva Pouteria cf. gardineriana
26 Guariroba Syagrus oleraceae
27 Inga-do-Cerrado Inga laurina Willd..
28 Jaracatia Jacaratia hiptaphylla
29 Jatoba-do-Cerrado Hymenaea stigonocarpa
30 Jatoba-da-Mata Hymenaea stilbocarpa
31 Jenipapo Genipa ameriacana
32 Jeriva Syagrus romanzoffiana
33 Lobeira Solanum lycocarpum
34 Macauba Acrocomia aculeata
35 Mama-Cadela Brosimum gaudichaudii
36 Mangaba Hancornia spp.

37 Maracuja-de-Cobra Passiflora coccinea
38 Maracuja-do-Cerrado Passiflora cincinnata
39 Maracuja-Doce Passiflora alata
40 Maracuja-Nativo Passiflora eichleriana
41 Maracuja-Roxo Passiflora edulis

42 Marmelada-de-Bezerro Alibertia edulis

43 Marmelada-de-Cachorro Alibertia sessillis

44 Marmelada-de-Pinto Alibertia elliptica

45 Melancia-do-Cerrado Melancium campestre
46 Murici Byrsonima verbascifolia
47 Palmito-da-Mata Euterpe adulis
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D Fruit Scientific name
48 Pequi Caryocar brasilliense
49 Pequi-Ando cary e fe’r ‘:;’e’,’(’j‘fl'];s (subsp.
50 Péra-do-Cerrado Eugenia klostzchiana
51 Perinha Eugenia lutescens
52 Pimenta-de-Macaco Xilopia aromatica
53 Pitanga-Vermelha Eugenia calycina
54 Pitomba-do-Cerrado Talisia esculenta
55 Puca Mouriri pusa
56 Saputd Salacia elliptica
57 Tucum-do-Cerrado Bactris spp.

58 Uva-Nativa-do-Cerrado Vitis spp.

Source: http://www.centraldocerrado.org.br/categoria/frutos/

In general, some of the products are endemic to the type of Cerrado in which they are found and others
are spread throughout the territory occupied by this biome. Below we list Cerrado main products.

3.2.1 THE PRODUCTS OF THE CERRADO

The cerrado in all its forest formations provides an enormous amount of fruit and extractive products
and many local communities rely on the raw materials “in natura” collection of fruits such as pequi,
cagaita, ata, baru, bacuri, mangaba, buriti, among many other products. These products are usually
traded in local markets of the regions where they are collected either raw or slightly processed by
agroindustries, such as the production of frozen pulps, ice creams, jellies, jellies, dehydrated fruits,
biscuits, cakes, pies, cosmetics and medicines (SEBRAE, 2013). Due to the huge diversity of Cerrado
products, we focus in only two: Pequi and sempre vivas, one product of wider scope and other
geographically restricted, respectively.

PEQUI

Pequi (Cariocar rasiliense camb) is a native fruit of the Brazilian cerrado. There are diverse types of using
pequi. Pequi can be simply boild and used in the preparation in several dishes, jelly, sweets, liqueurs,
and oils. The oils are also used in cosmetic and pharmacy industry (Oliveira, 1988, apud Oliveira et al
(2008)). From its core can also be extracted an oil used in biodiesel (Peres 2019). However, in order
to make up for this, there is a need for time and investment for the development of the technology.
Nevertheless, the oil has been already tested in the composition of biofuels and the National Petroleum
Agency has already authorized the mixture of biofuel extracted from pequi in official cars of some
Brazilian Universities (USP, 2005). Pequi wood is also considered to be of good quality and highly
resistant. However, since there are no programs to manage and use the specie on a sustainable basis,
when cutting off the trees, it can cause irreparable damages to the ecosystems. Pequi bark can produce
tannin and a kind of dark brown tincture used in artisan dyeing (Ribeiro et al, 1982). It also has many
fibers, and can be used in human and bovine (has a quantity of protein, among other characteristics,
much higher than that of wheat flour). Other uses and properties of Pequi have been investigated
(Passos et al, 2002), such as the antimycotic effects found in leaves and seeds.

SEMPRE VIVAS
Sempre vivas are different species of plants that preserve its natural and dry appearance for long periods of
time. Giulietti et al. (1996) highlight the following species of five monocotyledon families: Eriocaulaceae,

Poaceae (Gramineae), Xyridaceae, Cyperaceae and Rapateaceae. Sempre vivas, refer to species whose
external morphology resembles a “daisy” (all of the family Eriocaulaceae) and “buds”, (Moreira, 2010).
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Sempre vivas occur in the Cerrado Biome distributed in the Southeast and Center-West regions of Brazil.
The greatest diversity is in the tops of mountainous regions, at altitudes above 900 meters where rocky
fields associated with rocky outcrops of quartzite, sandstone or iron formations occur —in the latter case
under the name of ferruginous fields. Sempre vivas are occurring in the rupestrian fields of the highlands
of the Espinhago Range (MG and BA) and in the mountains of Goias (Giulietti et al., 1996) and Tocantins.

One of the most important production and commercialization center is the municipality of Diamantina
(MG) (Giulietti et al., 1988) and Jalapdo (TO) where the species Syngonanthus nitens known as “golden
grass” is marketed (Shmidt, 2005). They grow in different edaphic conditions, inhabiting dry, moist and
even flooded soils, but always exposed to the sun (Scatena et al., 1999).

The harvest of sempre vivas is carried out during various periods of the year depending on the species.
It is made by traditional communities, and it is common to find entire families in the field doing this
activity during the flowering season. In Minas Gerais and Bahia, the most difficult areas to reach involve
the displacement of groups of collectors who camp up to three months in the highlands during the
entire flowering period. In the Jalapdo region of Tocatins, the golden grass is collected by women, men
and children in wet fields, adjacent to the trails, between July and October. The harvest is done by
pulling the extremity of the flower (Shmidt, 2005). As in Minas Gerais and Bahia, harvesting sites may
be close to houses or more distant. In all cases the collected material does not undergo any specific
treatment, being gathered in small bundles, tied, and arranged in places to dry.

The extractive management is centered on the collection and burning of the humid fields in order
to maximize production by manipulating the productive effort of the target plants (Shimidt, 2005;
Bedé, 2006). Production is believed to be larger one year after the burning of the moist field. The
management of this extractivist product can affect the demography of native populations in different
ways, according to the part of the plant collected, quantities and time of collection, among other
factors that may contribute to the decline of the productivity of the species (Ticktin 2004). In fact,
uncontrolled exploitation impairs the recovery of natural populations, putting species with a more
restricted geographical distribution at risk of extinction (Giulietti et al., 1988).

There are records of the commercialization of sempre vivas from the Serra do Espinhaco region in Minas
Gerais since the 1930s. There is also records of shipping them to Vienna in Austria in 1935 (InstitutoTerra
Brasilis, 1999). In the Jalapdo region, commerce began in the mid-1990s, when it became known for the
scenic beauty that attracted tourists, leading to the dissemination of handicrafts made with golden grass,
until then produced on a small scale for use by the black community of Mucamba (Shmidt, 2005).

The five most frequently traded species of Minas Gerais, Bahia and Goias are used for ornamental use,
due to their beauty and durability, in interior decoration (Giulietti et al., 1996). Due to its malleability
the golden grass is used to make baskets hats, bags, earrings by means of a technique of sewing small
sauces with buriti silk in concentric bundles (Shmidt, 2005).

3.2.2 NON-TIMBER FOREST PRODUCTS IN THE BRAZILIAN AMAZON

Amazonia legal covers an area of 5, 2 million km2, this representing 61% of Brazil land area. Amazon
biome only covers 4,2 million Km2 about 49% of Brazilian land of which 2,2 million Km2 are protected
lands. According to the last IBGE census Legal Amazon is home to about 23 million inhabitants.

It is scarce the literature referring to the total number of NTFPs in the Brazilian Amazon (Table 3). INPA
reports that there are 45 native NTFPs in the Amazon, 38 of which are traded in Manaus local markets
(IMPA, 2012). According to IBGE (IBGE 2015), 30 out of 33 NTFPs found in Brazil occur in the Amazon region.
From the 33 NTFPs reported by IBGE we could not find any record for Umbu, Pinhdo and Erva Mate.
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Table 3 | Fruits from Amazon biome and scientific names.

ID Fruit Scientific name

1 Abiu Pouteria caimito)

2 Acai-solteiro Euterpe precatoria

3 Acai-do-Para Euterpe oleracea

4 Araga-boi Eugenia stipitata

5 Bacaba Oenocarpus bacaba

6 Bacabi Oenocarpus mapora
7 Bacuri Garcinia

8 Biriba Rollinia mucosa

9 Buriti Mauritia flexuosa
10 Cacau Theobroma cacao
11 Cacau-da-mata Theobroma sylvestre
12 Caiaué Elaeis oleifera
13 Caju Anacardium occidentale
14 Cajuagu Anacardium spruceanum
15 Castanha-de-cutia Acioa edulis
16 Castanha-do-Brasil Bertholletia excelsa
17 Castanha-sapucaia Lecythis pisonis
18 Cupuagu Theobroma grandiflorum
19 Cumaru Dipteryx odorata
20 Guarana Paullinia cupana
21 Inaja Maximiliana maripa
22 Ingé-chichica Inga alba
23 Inga-cipo Inga edulis
24 Inga-peluda Inga macrophylla
25 Ingai Inga laurina
26 Jenipapo Genipa americana
27 Mapati Pourouma cecropiifolia
28 Mari-da-terra firme Cassia grandis
29 Moela-de-mutum Lacunaria jenmanii
30 Murici Byrsonima chrysophylla
31 Pajurd Couepia bracteosa
32 Pataua Oenocarpus bataua
33 Pitomba Talisia esculenta
34 Pupunha Bactris gasipaes
35 Pupunha-de-porco Syagrus inajai
36 Purui Borojoa sorbilis
37 Sapota-do-Solimdes Quararibea cordata
38 Sorvinha Couma utilis

39 Taperebd Spondias mombin
40 Tucuma Astrocaryum aculeatum
41 Tucuma-i Astrocaryum acaule
42 Ubaia Eugenia patrisii
43 Umari Poraqueiba sericea
44 Urucum Bixa orellana
45 Uxi Endopleura uchi
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Among the 30 NTFP reported by IBGE for the Amazon, Brazil nut collection and rubber extraction are
the two most important® as they together provide incomes to a large number of forest communities
(Ferreira 2008). Generally, during summer, from November to March, there is collection of Brazil nut in
the forest, while during winter, from April to October there is extraction of rubber. Table 4 shows the
annual work calendar for ten families in Acre.

Table 4 | Annual work calendar

FAM | JAN FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
1 | | HHAEHGOO 66 ALA060 60 oo ¢ EHoo u
2 L u u HO 0060 606 066 606 HAOG® o * u
3 u u A® ® HOP 000000 00 ¢ Eooo o *
4 | | EEA EHO ® A0 60 oo ¢ Eméoo o L 4
5 EE E EHaA0 o OO AGS 60| 606 HOO 60 o *
6 ] | HO  HO 600 4,00 0606 1o ® e < LR 4
7 [ [ HO | A® 66 66 00 Ao EHoO oo < e
8 [ H HAO 00 A00 606 060 060 o0 1o 1O u
9 | EE EHA0 ¢ P LA00000 00 HO | 60 EHOO EE
10 [ | [ | LR A BEZ M IIIRZI IR X J < ¢o0 L d u

(m) Brazil Nut; (m) Maize; ( o ) Beans; ( ® ) Acai; ( ® ) Rubber; (®) Rice; (®) Cacava
Source: adapted from Rocha (2002)

There is noted lack of information concerning the productivity and yield distribution across Amazonia.
The only comprehensive work that models productivity and yield distribution across the biome was
done through the project “Amazon Ecoservices”.® Throughout this project using interviews and focus
groups with extractivists from Acre and Pard altogether with spatially explicit modelling it was estimated
productivity of two NTFPs namely rubber and Brazil nut. In this work we report the estimates of the
project referring to its project Report (Soares Filho, Carvalho Ribeiro et al 2015).

BRAZIL NUT

The Brazil nut tree (Bertholletia excelsa) produces one of the main seeds (Brazil nut) commercially
harvested in rainforest ecosystems (Peres, Baider et al. 2003, Nunes, Soares-Filho et al. 2012, SEAPROF
2014). The next set of figures show the IBGE data on production (in ton) and value of production (in
USS converted from real at 2,36 using the 2015 average rate). These values are not weighted by the
forest area of the municipality, as it is likely that there is a market of NTFP across the municipalities, in
which nuts produced in one municipality might enter the market in other municipality.

The mean annual production per municipality over the last 20 years (from 1994 to 2013) ranged from
0 (municipalities depicted in white) to 1,900 tones. Figure 3 shows the higher mean values in the
municipalities (shaded in red) within Para, Acre, Amazonas and Ronddnia states, which produced,
on average, from 1,000 to 1,900 tons of Brazil nut per year. There are municipalities producing, on
average, 100 to 1,000 tons (shaded from orange to yellow). Lower production occurs, in general, in the
municipalities at the biome’s fringe (municipalities shaded in white producing less than a ton) and in
the municipalities shaded from dark to light blue (average production between 1 and 100 tons).
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Figure 3 | Average volume of production between 1990 and 2013 (ton).
Source: Soares Filho; Carvalho Ribeiro et al. (2015).

The total value of production of Brazil nut, per municipality, ranges from USS$ 1 to USS 1 million. Notice
that the municipalities with higher mean production (shaded in red) are also the ones with higher
mean production values (Figure 4) (Soares Filho, Carvalho Ribeiro et al. 2015).

—— Amazon Biome
—— State Boundary
—— Municipalities

Average total value of
production between 0 125 250 500 km
1994 and 2013 (US$)

I 500,000 - 1,000,000

7771 100,000 - 500,000

[ 150,000 - 100,000

[ 10,000 - 50,000

—_—
I >0 - 10,000 e

Figure 4 | Average total value of production between 1994 -2013 by municipality.
Source: Soares Filho, Carvalho Ribeiro et al. (2015).
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The mean annual values hide a huge variability. For example, in 2013 the production of Brazil nut in
the Amazon municipalities ranged from 0 to a maximum of 3,700 ton. The value paid to producer also
varies in different Amazonian states (Table 4).

Table 4 | Brazil nut maximum price (USS) per kg of unshelled nuts between 2013 and 2015 used as price paid to
producer in different states.

Estate Market (USS) price per kg Cooperative
Acre 1.42
Amapa 1.42
Amazonas 1.77
Para 1.85
Maranhdo 0.85
Mato Grosso 0.85
Tocantins 0.85
Rondbdnia 0.85

Source: Soares Filho, Carvalho Ribeiro et al. (2015).

Brazil nut yields in the vast majority of areas (99%) of the Brazilian Amazon situate between 0 to 30 kg per
ha-1lyear-1, although there are locations where yields can reach 152 kg per ha (1% of the biome) (Table 5).

Table 5 | Brazil nut yields.

Brazil nut yield (kg/ha) Brazilian Amazon
Minimum 0.00
Maximum 30.00

Mean 8.19
Variance 57.92
Standard deviation 7.41

Source: Soares Filho, Carvalho Ribeiro et al. (2015)

Equivalent Annual Annuity

(US$/halyear) E———
B 15- 46 . ( 3
5-15 ’
2 [ Other Land
-2 Covers
o e

0 125 250

Figure 5 | Equivalent Annual Anuity? for Brazil nut.

Source: Soares Filho, Carvalho Ribeiro et al. (2015).
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The annual rents of Brazil nut, presented as the Equivalent Annual Annuity (EAA), range from USS 0 to
46ha-1year-1 (Figure 5), with average rents of USS 5.05 ha-1year-1 (Table 6).
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Table 6 | Brazil nut EAA.

Rent Brazil nut Brazilian Amazon
Minimum 0.00
Maximum 46.00

Mean 5.05
Variance 56.24
Standard deviation 7.49

Source: Soares Filho, Carvalho Ribeiro et al. (2015)
RUBBER

Hevea brasiliensis is the main source of natural rubber in the world (Soares Filho, Carvalho Ribeiro et
al. 2015). The natural rubber has numerous applications with uses that go beyond 50 thousand objects;
hence, it is one of the highest applicability products in industry. Paradoxically the rubber market is very
dependent on the automobile (tiers) industry that consumes 80 to 90 % of the rubber extracted in
Brazil (SEAPROF 2014).

Natural rubber (not derived from petroleum) can be gathered either in native forests or in forest
plantations, thus having two different production systems and production chains. In the Amazon, the
prevalent system is the rubber tapping in native forests by the traditional extractivism system. Currently,
rubber tapping in the Amazon still constitutes an income source for livelihoods of 5 to 10 thousand
families, mainly located in Acre and Amazonas states (IBGE 2015). In the last 20 years (1994-2013), the
mean total production, by municipality ranged from 1 to 400 ton (Figure 6). The higher mean values of
production occurred in states of Amazonas, Acre, and Rondo6nia. Southern part of Amazonas and Acre
also reached the higher mean total production values with a maximum of USS 360 thousand (Figure 7).

= Amazon Biome

—— State Boundary
~——— Municipalities

Average volume of
production between
1994 and 2013 (ton)

B 100 - 400
[ 50- 100
[ 110-50
[s-10 " ¥
-5 e

Figure 6 | Mean total production by municipality from 1990 to 2013.
Source: IBGE (2015).
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Figure 7 | Average total value of production (1994-2013).

Source: Soares Filho, Carvalho Ribeiro et al. (2015).

As in the case of Brazil nut, the average annual production for rubber hides a great annual variability.
In 2013, only four municipalities (one in Acre and 3 in Amazonas) produced a maximum of 300 tons of
rubber. The production of rubber ranged from 50 to 100 tons but the majority of the municipalities in
the Brazilian Amazon had no production at all (Table 7).

Table 7 | Rubber yields for the Brazilian Amazon.

Rubber yield (kg/ha) Brazilian Amazon
Minimum 0.00
Maximum 14.00

Mean 3.28
Variance 4.84
Standard deviation 2.20

Source: Soares Filho et. al. (2017)
As in the case of Brazil nut, the price paid to extractivists varies much depending on the year/season.
According to Soares Filho et al (2015) the maximum price paid to extractivists by the cooperatives in
the period 2013 to 2014 (Table) from the CONAB dataset.

Table 8 | Price paid to producer.

State USS per kg
Acre 0.80
Amapd 1.09
Amazonas 1.09
Pard 1.21
Maranhdo 1.09
Mato Grosso 1.25
Tocantins 1.09
Rondonia 1.12

Source: Soares Filho et. al. (2017)
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The areas in red in Figure 8 show the locations with highest EAA. Rubber extraction in the Amazon is
not profitable in areas of low productivity even with subsidies to guarantee a minimum price to rubber
tappers. In the presence of governmental subsidies, rents average USS$ 0.56 ha-1lyear-1, varying from 0
to USS 6.13 ha-1 year-1 (Figure 8, Table 9).

——— Amazon Biome
—— State Boundary

Maximum Equivalent Annual
Annuity (US$/halyear)

0 125 250 500 km
I S S E—

B 20 61 ] ] ( p
15-2.0
1.0-1.5
< [ Other Land
o-10 Covers 4
I o e

Figure 8 | EAA for rubber extraction.
Source: Soares Filho et. al. (2017).

Table 9 | Rents for rubber.

Rents (USS/ha) Brazilian Amazon
Minimum 0.00
Maximum 6.13

Mean 0.56
Variance 0.57
Standard deviation 0.76

Source: Soares Filho et. al. (2017).

3.3. MULTI SCALE GOVERNANCE FOR ENHANCED SOCIOBIODIVERSITY CHAINS IN
AMAZONIA AND CERRADO BIOMES

This work aimed at gathering data on the socio-ecology of extractivist landscapes in Brazil for exploring
possible multi scale governance able to implement enhanced sociobiodiversity chains. We estimate 43
and 58 NTFPs for Amazon and Cerrado respectively (see an extensive list of the products of Amazon
and Cerrado in ANEXE 1). Although there is a vast repertoire of empirical data for characterizing
sociobiodiversity in Brazil this body of literature is mostly case study driven, focusing on a very limited
number of products and using different methodological approaches. Therefore, although there is a
robust research legacy meaningful comparison are very challenging.

So far we have a fragmented view of extractivist dynamics at the biome scale. There is thus the need

to upscale from the socio ecology of individual NTFP to the biome scale encompassing a variety of
products and its associated livelihoods. The new Legal Framework on Brazilian Biodiversity (Law 13,123),
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provides for access to genetic heritage, protection and access to associated traditional knowledge and
the sharing of benefits for the conservation and sustainable use of biodiversity. This Law by the Federal
Government (May 20, 2015) replaces the old national legislation, Provisional Measure 2186-16 / 2001.
This Law acknowledges Traditional Ecological Knowledge (TEK) to traditional communities such as
indigenous peoples, quilombolas, and family farmers.

In Brazil, Governmental bodies (e.g. ICMBIO, CONAB) universities and research institutes and the
work by Non Governmental institutions have been active on safeguarding traditional knowledge and
Brazilian genetic heritage. In the Amazonas state alone the number of communities assisted by income-
generating social programs such as the Bolsa Floresta (PBF) —the largest Payment for Environmental
Services (PES) program in tropical forests in the world— has been developing since 2008.

According to Fundagdao Amazonia Sustentdvel (FAS 2016), in 2015 alone more than 9 thousand families
received benefits from income generation programs which often require community engagement
through workshops, meetings surveys involving mapping and other data collection instruments for
improving resource management. Similarly, in the Cerrado biome the sustainable management of
NTFPs particularly Pequi has been explored for decades. Many possibilities come from the production
of NTFPs and its derivatives, including the manipulation of other products. For example the Kalunga
quilombola women group, besides producing and marketing the pequi and indaid oils, produce
pequi (dry pequi pulp) and traditional tingui soap (Magonia sp.). Similarly, the women’s groups of the
Jequitinhonha Valley (MG), in addition to produce and commercialize the vegetable oils of macauba,
pequi and ruffio make traditional soaps using macauba oil.

Also, the group of women from Santa Rita do Novo Destino (GO) have been implementing agroforestry
systems with the use of the Gueroba palm intercropped with other oilseeds such as black sesame
and sunflower. These agroforestry products are gathered into cooperatives, rural and indigenous
communities, technicians and other types of organizations that wish to collect in a sustainable way these
NTFPs. The pequi is undubtably part of the traditions of the people of the cerrado and its consumption
has also spread to other regions, including being marketed in large cities. However, its exploitation is
still carried out in an extractive way, with few commercial cultivation initiatives.

Exception is a producer from Mato Grosso, who transformed almost 60% of its 90 ha property into
a large pequizal, with more than 50,000 feet. According to Oliveira W.L de; Aldicir, S. (2010), usually
the collection of the pequi is carried out in the extractivist lands themselves, in extractive reserves,
sustainable use reserves, national or state forests or in third-party properties, where some owners
work in partnership with the extractivists asking part of the production in return.

The conservation of the native species of the cerrado and Amazon become therefore of extreme
importance, Several communities have already joined in cooperatives, many of them intermunicipal or
even interstate, in order to provide greater value and diversity of the products that the two major biomes
in Brazil presents. There are also several research and development projects conducted by organizations
such as Embrapa, Emater, and several NGOs such as “The central of the Cerrado”, “The cooperative of
the small agroextractive producers of Lago do Junco - COPPALJ (MA)”, (MA / TO), “Extractivist producers
of Esperantindpolis - COPAESP (MA)”, “Association of Rural Women Workers of Lago do Junco and Lago
Rodrigues - AMTR (MA)”, “Fruta Sa - Industria, Comércio e Exportacdo LTDA Promise of Future (Pirendpolis
- GO)”” Community Development Association of Caxambu (GO) “ to cite a few examples.

Industry and agribusiness are direct users of this genetic heritage and traditional knowledge, mainly for
the development of commercial products such as medicines, cosmetics, food, etc., and the government
is also directly involved.

Many of these communities also act in the buffer zones of many state and federal parks, further
protecting these areas, or even as resistance to large producers to deprive the use of babagu coconut
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palms (ATMR). Another good example is the community of Fruta S&8 that harvest fruits in extractive
areas but also manage new plantations into a domestication process Through organic management
Fruta sa promotes partnerships with other economic enterprises of similar character in the states of
Tocantins, Maranhdo and next to the indigenista work center.®

The work developed so far received the Prize Chico Mendes in 2004, from the Ministry of the
Environment, Brazil bank (Banco do Brasi) as well as the Foundation Social Technology Award, in the
2005 edition. Recently an international prize by United Nations was awarded to the collection process
of sempre vivas'®. There are therefore several initiatives and organizations that work for enhancing
sociobiodiversity that created chains for specific products. However, many initiatives still act in
a very incipient way and still have not reached a production and market that guarantee its social,
environmental and economic sustainability. It also seems that acting on a product by product basis
hampers the view of the whole socio ecological systems of extactivist landscapes. In addition to the
previous, these initiatives from a bottom up perspective are dispersed and scatered across the vast
areas of the two biomes and there is not a coordinated broad scale view of the extractivism in the
Amazonia and Cerrado.

4 DISCUSSION AND CONCLUSION

This work aimed at assessing the dynamics of NTFP in two important biomes such as Amazon and
Cerrado. We aimed at looking at sociobiodiversity at the biome scale exploring the diversity of NTFPs
in each biome. The reason underlying the the goal of this paper was the awareness that each NTFP is
part of a livelihood to which often contribute several NTFPs altogether with small scale farming and off
farm labor (see table with the example from Acre).

Our approach extended well beyond the focus individual products to instead build a view of Amazon
and Cerrado extractivist landscapes. We argue that this vision of the whole is much bigger than the
sum of the parts. The problem is that the data available at the biome scale is scarce this hampering
the vision and the potentialities of the sociobiodiversity at the biome scale. In our view this issue
needs addressing. So far there is not the vision of sociobiodiversity of the whole biome comprising the
diversity of NTFPs and its associated livelihoods.

The vast majority of the work so far focuses on a per product basis. This critique holds true for research
agencies, governmental bodies (IBGE, MMA) and Non Governmental Organizations. In our view this is
hampering sociobiodiversity plans in Brazil to move forward. Indeed there is a vast number of products
in Amazonia and Cerrado but higher level governmental organizations such as IBGE data sets and MMA
socio biodiversity plan (MMA 2009) report on a byproduct basis. From a bottom up perspective also
the work by NGOs often work on a product by product basis. In our view this work and reporting on a
by NTFP basis brings difficulties to forge strategies to move towards sustainability.

Because we adopted the biome scale analysis this inevitably allows a comparison between Amazonia
and Cerrado Biomes. While there is a higher number of NTFPs in Cerrado, the sociobiodiversity plan
by the MMA only awards 2 of them (Pequi and Buriti). Using multi-level perspective, it is possible to
analyze socio technical transitions to sustainability (Geels 2011). The multi-level perspective theory
analyses the socio-technical landscape and how it can be influenced by various factors. Additionally, it
shows how the socio-technical landscape can be changed through the adoption of niche innovations. In
this case study we were able to list two types of policies that can be seen as socio technical landscapes
initiatives. One of them is the National Sociobiodiversity plan by MMA (2009) and other is the
Framework on Brazilian Biodiversity (Law 13,123). As far as niche innovations is concerned, although
we listed a number of organizations working on successful initiatives to deal with sociobiodiversity
products we cannot assess if those initiatives are able to build momentum in such a way they are likely
to lead the system to a transition to a more sustainable state.
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We therefore argue that pressure is not put on extractivist Socio-technical regimes either in Amazon
either in Cerrado. When pressure is put on regimes, it creates windows of opportunity for niche
innovations. However, not all innovative technologies will succeed to become part and transform the
new regime without outside influence. Some initiatives require some extra input from outside, such as
finances, legislation or education. The problem is that neither the sociobiodiversity plan nor the new
biodiversity law seem to provide such mechanisms in order to nurture the successful initiatives already
occurring scattered across the two biomes. We call for a systematic analysis at the biome scale for
better understand the role of vegetal extarctivist activities in Brazil.

NOTES

1 | Traditional communities that live near the river

2 | Traditional communities’ descents from African slaves

3 | http://cmbbc.cpac.embrapa.br/socioeconomia.htm (accessed 25/03/2019)

4 | http://www.mma.gov.br/desenvolvimento-rural/sociobiodiversidade

5 | Agai is the NTFP from the Amazon generating the highest incomes in the states of Para, Amazonas and Maranhdo.
6 | https://csr.ufmg.br/amazones/

7 | The Equivalent Annual Annuity (EAA) approach is one of two methods used in capital budgeting to compare mutually
exclusive projects with unequal lives.

8 | http://www.centraldocerrado.org.br/comunidades/frutasa/
9 | https://trabalhoindigenista.org.br/home/

10 | https://nacoesunidas.org/agricultura-tradicional-de-flores-sempre-vivas-pode-ser-1o-patrimonio-agricola-mundial-
brasileiro/
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ABSTRACT

This paper analyzes the contexts of the creation of two protected areas located on the Espinhago
Mountain Range, in the state of Minas Gerais (Brazil): Rio Preto State Park and Serra Negra State Park.
It compares the social and natural contexts of the creation process of both protected areas between
the years 1986 and 2009. To this end, we sought to understand the patterns of natural resources
use by local populations, relating them to the outcomes of land use dynamics over time, identified
through monitoring with orbital imagery images and through environmental modeling. Regarding land
use analysis, changes in the landscape around the Rio Preto State Park corroborated field surveys,
which registered an increase in the local population’s perception of environmental problems and in
the inspection after the park’s creation. No relevant relation was found for the Serra Negra State Park.
Environmental modeling of the Rio Preto State Park recorded a positive result in terms of environmental
protection, because a trend of natural resource degradation was contained after the park’s creation.
For the Serra Negra State Park, although protection of the area did not influence landscape changes,
the dynamics of resource use by the local population did not degrade the natural environment.
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RESUMO

Este artigo analisa os contextos da cria¢do de duas dreas protegidas localizadas na Serra do Espinhacgo,
no estado de Minas Gerais (Brasil): Parque Estadual do Rio Preto e Parque Estadual de Serra Negra.
O trabalho compara os contextos sociais e naturais do processo de cria¢éo das duas dreas protegidas
entre os anos de 1986 e 2009. Para tanto, buscamos entender os padrées de uso dos recursos naturais
pelas populagées locais, relacionando-os com os resultados da dindmica do uso da terra ao longo
do tempo, identificados através do monitoramento com imagens orbitais e através da modelagem
ambiental. Quanto a andlise do uso do solo, as mudancgas na paisagem ao redor do Parque Estadual do
Rio Preto corroboraram os levantamentos de campo, que registraram um aumento na percep¢éo da
populagdo local sobre os problemas ambientais e na fiscaliza¢do apds a criagGo do parque. Nenhuma
relagdo relevante foi encontrada para o Parque Estadual de Serra Negra. A modelagem ambiental
do Parque Estadual do Rio Preto registrou um resultado positivo em termos de protecdo ambiental,
pois uma tendéncia de degradagdo dos recursos naturais foi contida apds a criagéo do parque. Para
o Parque Estadual de Serra Negra, embora a prote¢do da drea ndo tenha influenciado as mudancgas
na paisagem, a dindmica de uso dos recursos pela populagdo local ndo degradou o ambiente natural.

Palavras-chave: Areas Protegidas. Mudanga no uso do solo. Conflitos ambientais. Geoprocessamento.
Modelagem Ambiental. Desmatamento.

1 INTRODUCTION

Interpretations of the ways by which humans relate to the natural environment come from different
fields of knowledge, such as anthropology, sociology and geography (KUGLER et al., 2019; MORAN,
2011). These relationships can be studied by field research aimed at understanding local activities in
the day-to-day life of communities that use natural resources (GALIZONI, 2000; RIBEIRO et al., 2005).
Studies such as Guadilla-Saez et al. (2020) and Brugger et al. (2016) allow us to understand how local
communities use available resources over the span of centuries.

Another way to seek this understanding is by monitoring continuity and change in the soil cover of a
defined study area (BRONDIZIO, 2009). Spatial analyses, typically used in biophysical studies, provide
important information for social research. Geographic Information Systems (GIS) and Remote Sensing
(RS) techniques, applied to surveys about landscape fragmentation, help verify data collected in
the field (TUCKER and OSTROM, 2009; YOUNG et al., 2020). Orbital images display portraits of the
landscape at a given moment, helping to identify the possibilities of preferred future situations or to
improve these possibilities. Kugler et al. (2019) offer an extensive overview of how orbital images help
understand interactions between humans and the natural environment, presenting a history of the
improvements achieved in this field of research over the last 20 years.

Silva et al. (2016), using sequential analysis, identified the drivers of land use change in remnants of
the Brazilian Atlantic Forest in different time periods. Li et al. (2019) used orbital images to examine
the dynamics of land use and related it to the dynamics of local social contexts. According to Moran
(2011), spatially explicit analyses have caused the greatest revolution in the history of studies about
human-environment interactions. The author discusses cases in which landscape analysis over time
helps understand cultural narratives, because “human actions carried out in the past leave marks on
the current landscape” (Moran, 2011, p. 126).

Using different methodologies, adapted to different environmental realities, can help identify these
‘marks on the landscape’. Shimabukuro et al. (2019) present a semi-automatic procedure to monitor
deforestation and degradation of the Amazon rainforest. Bicudo da Silva et al. (2017) evaluated land
use changes in the Atlantic Forest over a period of almost 30 years. Silveira et al. (2018) developed an
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innovative method of detecting land use change in the Cerrado, a biome that contains a wide range
of environments and seasonal changes. The authors use spatial context assessment to eliminate the
effects of phenology on classification. Li et al. (2017) propose a system to simulate global land use and
cover change (LUCC) regarding human-environment interactions, applying simulations of future uses.
These products are important tools that provide information that aids the assessment of impacts and
the effectiveness of planning procedures and policies.

Starting from these LUCC analyses - which seek to understand the past or present status of landscapes -
and seeking to predict future developments, environmental modeling emerges as a new tool. According to
Evans et al. (2009), environmental modeling helps forecast alternative scenarios. By simplifying processes,
modeling provides the possibility of examining the elements that interact and influence these processes.

The creation of protected areas (PAs) is one of the most frequent measures for conserving nature
(Carranza et al., 2014; Heringer et al., 2020; Schulze et al., 2018; Silveira et al., 2018). Devising methods to
evaluate their effectiveness generates important sources of data that can be used for making decisions.
This efficiency can be evidenced by understanding how neighboring population relate to the PA.

Abukari and Mwalyosi (2018) evaluated how different communities relate to the parks, analyzing what
factors, such as knowledge of the park’s rules, residents employed in the conservation unit, distance
between the communities and the park, and access to non-logging forest products were significant in
changing people’s attitude in this relationship. Cetas and Yasué (2017) concluded that emphasis on social
justice and welfare of the neighboring populations aided the success of biodiversity protection in PAs.

PAs also play an important role in maintaining peoples’ connection with the natural environment.
According to Cazalis and Prévot (2019), pro-environment behavior decreases with longer distances
between communities and parks. In addition to the effect caused by exposure to the natural landscape,
the institutional context created by PAs has a strong influence on people’s environmental awareness.

In this article we sought to identify land cover changes that occurred between 1986 and 2009 in the
state parks of Rio Preto (RPSP) and Serra Negra (SNSP), at intervals that varied between six and eleven
years2. This research exercise was conducted (i) to produce a portrait of the landscapes following the
creation of both PAs and (ii) to compare it to the landscapes as they were before the PAs, allowing the
quantification of land use changes. Additionally, through interviews conducted in the field, we sought
to understand the patterns of natural resources use by local populations, relating them to the land use
dynamics over time.

We also undertook an environmental modeling analysis, resulting in the identification of landscape
use trends before the establishment of the two PAs. By classifying images taken on dates prior to
the creation of the PAs, we obtained a model of how the landscape would be in the years 2003 and
2009 if the PAs had not been established. This allowed us to check the effectiveness of the two PAs in
conserving the vegetation.

2 MATERIAL AND METHODS
2.1 STUDY AREAS AND INTERVIEWS

This study was conducted in the southern section of the Espinhaco Mountain Range, in the state of
Minas Gerais, Brazil. It focused on two state parks: the Rio Preto (RPSP — created by State Decree
#35.611 of June 1st 1994) and Serra Negra (SNSP, created by State Decree #39.970 of September 22nd
1998). They are located respectively in the counties of Sdo Gongalo do Rio Preto and Itamarandiba
(Image 1). Both parks were included in a collective management arrangement called “The Conservation
Unit Mosaic of Alto do Jequitinhonha — Serra do Cabral”, along with 10 other PAs. The study area is
located near the headwaters of the Jequitinhonha River, commonly known as Alto Jequitinhonha.
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Image 1 | Location of the Rio Preto and Serra Negra State Parks, state of Minas Gerais, Brazil.

Sources: IBGE; IEF; Instituto Biotropicos, (2013).

Several reasons explain why these two PAs were selected for this study (Ribeiro, 2013). First, they are
state units that belong to the same class of PAs; second, their dates of implementation are close to
each other (RPSP — 1994; SNSP — 1998); third, both belong to the aforementioned mosaic (established
by the Ministry of Environment by Ordinance #444, of November 26th 2010); fourth, they are inserted
in differing institutional contexts. This study found that these institutional differences led the parks to
reach different results until 2012 in their common goal of environmental conservation.

To analyze the context of the two PAs, we considered the regional political situation, the Instituto
Estadual de Florestas de Minas Gerais (IEF — Minas Gerais State Forestry Institute), and the Secretaria
de Estado do Meio Ambiente e Desenvolvimento Sustentdvel de Minas Gerais (SEMAD — Minas Gerais
State Secretariat of the Environment and Sustainable Development). The first round of interviews was
conducted between MayandJune2012,inBeloHorizonte, the state capital. Interviewees were academics
from the UFMG (Federal University of Minas Gerais) engaged in research in the study area; employees
of the IEF central office (Department of Protected Areas Creation, Department of Conservation Units,
and Regional Coordination of Conservation Units); and employees of the Environment Department of
the Agricultural Workers Federation of the state of Minas Gerais (FETAEMG — a workers’ union).

A second round of interviews was conducted between July and August 2012 in the municipalities of
Diamantina, Sdo Goncalo do Rio Preto, and ltamarandiba. Interviewees were academics from UFVIM
(Federal University of the Valleys of Jequitinhonha and Mucuri) who conduct research in the area;
members of the NGO Biotrdpicos; IEF employees (management, inspectors, and park rangers of the RPSP;
managers of the SNSP; employees of the IEF office in Itamarandiba); the president of the Itamarandiba
Rural Workers Union; and farmers from communities located on the borders and inside both PAs.

The purpose of the interviews was to understand the creation processes of the two PAs (motivations,
community-park relationships, community organizations) and to identify the institutions that influenced
these processes. They also sought to pinpoint the characteristics of the surrounding communities, identify
the natural resources used locally, check the makeup of the parks’ advisory councils, evaluate the degree
of formalization of a proposed biosphere reserve in the study area, evaluate the viability and workings of
the mosaic, and examine the impacts of and incentives for regional tourism. We chose to omit the names
of the interviewees, clarifying the relevance of each of them in the context of the research.
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3 LAND USE MONITORING

To monitor land use in the PAs under analysis, images generated by the Thematic Mapper (TM), based
the Landsat 5 platform, were selected and obtained free of charge on the INPE website3, in September
2012. The images are from the years 1986 and 1992, generated between the months of August and
October. One scene was selected for each year analyzed. These dates were chosen in order to compare
two moments prior to the creation of the studied PAs.

Access to the database called Inventdrio Florestal da Flora Nativa e dos Reflorestamentos de Minas
Gerais (“Forest Inventory of the Native Flora and of the Tree Plantations of the State of Minas Gerais”)
(Scolforo and Carvalho, 2006) was granted by the IEF, along with the agency’s land use classification
referring to 2003, 2005, 2007, and 2009. Only data referring to 2003 and 2009 were used in our
research, in order to have four different dates with a consistent distribution inside the period of time
under study (1986, 1992, 2003, and 2009).

Unsupervised image classification was performed with the aid of the ERDAS Imagine program. This
was complemented by the visual adjustment of classes. Forty clusters were defined for our research.
Grouping based on spectral similarities resulted in two classes of soil use: native landscapes (NL)
and cultural landscapes (CL). Native landscapes, as the term implies, are those not altered by human
action. Cultural landscapes encompass the several formations shaped by human actions capable of
transforming the natural environment (Corréa, 1995).

Classifications obtained from the Inventdrio Florestal... went through a generalization that reduced
its original classes to NL and CL, as well as the images selected for this research. The original classes
converted to CL were: eucalyptus, pine, urbanization and “other” —a class than encompasses anthropic
uses such as farming areas and roads. According to Lange and Blaschke (2009), although there are few
standardized solutions to monitor and analyze changes in land use, they must be based on images
generated by the same sensor, they must be selected considering close temporal intervals, and they
must adopt the same classification methodology.

Due to the insufficient availability of images, it was not possible to apply the same classification method to
all scenes. This limitation was taken into account when analyzing the results and does not affect them or
the validity of the methodology. The official data of the aforementioned Inventdrio Florestal..., although
not available for all the years under study, served as a basis for checking classifications for previous years,
through visual inspection of the reflectance patterns of each class of the Landsat 5 images corresponding
to the classified years. This procedure also ensured the standardization of classifications.

When research was conducted, the RPSP had a management plan indicating its buffer zone; the SNSP
did not have such a plan Thus, in order to define the area of analysis around the PAs, a buffer swath with
a width of 5 kilometers was defined. This dimension was arbitrated as a conservative estimate based on
the CONAMA (National Environment Council) Resolution # 426, of November 26, 2010, which defines
a buffer zone of 3 kilometers wide for PAs lacking a management plan (INSTITUTO CHICO MENDES,
2010). The buffer zone is a swath defined around the borders of PAs in which there are restrictions to
human uses and activities, aiming to reduce negative impacts on protected areas (Brasil, 2000).

In the case of the SNSP, the polygon generated by the arbitrated buffer zone touched small portions of
the municipalities of Rio Vermelho, Coluna, and Frei Lagonegro. Adjustments were made so that the
area under analysis was limited to the municipality of Itamarandiba, because it was found in the field
that the three other neighboring municipalities, despite being close to the park, are not influenced by
its situation (Image 2).
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Image 2 | Rio Preto and Serra Negro State Parks, including demarcated areas and buffer zones.
Source: IBGE, IEF (2013).

In the case of the RPSP, the buffer zone reached the municipalities of Diamantina and Serro, notincluded
in the park’s management plan as part of its area of influence. In order to avoid including areas not
relevant to the analysis, the polygon was also corrected to affect only the municipalities of S3o Gongalo
do Rio Preto, Couto de Magalhdes de Minas and Felicio dos Santos (Image 2). The areas analyzed for
each park were 41,293 hectares (RPSP) and 54,384 hectares (SNSP). All processing considered these
polygons as the areas to be analyzed in each park.

To quantify land use changes, the chosen tool was the extension of the ArcGis program called LUCAT
(Land-Use Change Analysis Tools), developed by the Laboratdrio de Hidrologia Florestal (Laboratory
of Forest Hidrology) of the Department of Forest Science, linked to the Luiz de Queiroz School of
Agriculture.! This tool makes it easy to measure the proportion and the amount of each use class in the
landscape. These measurements make it possible to automatically obtain the variation of each class
of landscape use in a given period of time (Ferraz et al., 2009). Soil use changes were analyzed for the
intervals 1986 - 1992, 1992 — 2003, and 2003 - 2009.

4 LAND USE TRENDS

To identify trends in land use, the chosen software was IDRISI Selva (EASTMAN, 2012) and its land use
change modeling module called Land Change Modeler (LCM). The purpose was to obtain a scenario
in which the PAs did not exist, in order to check if there is a measurable effectiveness of the PAs’
conservation goals.

In the model adopted here, the variables selected to explain land use change were (i) proximity among
deforestation activities between 1986 and 1992, (ii) terrain slopes, (iii) trends in land use changes
between 1986 and 1992, and (iv) terrain elevation. These variables had their explanatory powers?
tested by a specific tool within LCM before selection, aiming to check the weight of their correlation
with the causes of soil use change. Results reached a 70% accuracy rate, i.e., the model correctly
predicted future soil use in 70% of the area under analysis.

In order to validate the model generated by the LCM, a new classification was made in reference to a date
subsequent to the creation of the parks. The chosen images were generated in 1994 and were interpreted
based on Landsat 5 TM images, following the same methodology used in the images for 1986 and 1992.

Modeling was done initially for 1994. The result was compared to the 1994 classification, in order to

check the validity of the model. A null model was also generated, in which land uses in 1994 and 1992
were compared. The purpose of this analysis was to check if the model generated by LCM predicted
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the vegetation cover of 1994 more accurately than the comparison with the vegetation cover of 1992. In
other words: could the model understand how the landscape would be in 1994? Or, would the percentage
of correctness be higher, considering that there has been no change since 1992 (stationary model)?

5 RESULTS AND DISCUSSION
5.1 INTERVIEWS

Municipalities that contain the studied PAs originated from mining activities, which historically
shaped the occupation of the region. Sdo Goncalo do Rio Preto was founded around 1820, when a
small village formed around the church, on the banks of the Preto River (SEMAD, 2004). Itamarandiba,
formerly Sdo Jodo Batista, is older: It was founded by colonizers in the 17th century (Prefeitura
Municipal de ltamarandiba, 2012).

The RPSP was created in the 1980s, as a consequence of the convergence the local population’s
interests in protecting natural resources, on the one hand, and the priorities of the state agency
in charge of the area’s conservation, on the other. Interviewees informed that local communities
supported the creation of the park, that a management plan was being drafted, and that the local
population participated in planning events.

In the case of the SNSP, little information is available from printed sources. All information presented
herein was collected in the field. Ever since its creation, in 1998, the park’s management had to deal
with the controversial issue of establishing its limits. In 2012, about 160 families were still residing in
inside the park. Lack of land tenure titles and lack of government resources to compensate families
slated for removal created a conflict between land owners and squatters, on the one side, and park
managers on the other (ALMG, 2010).

In addition to the different manners by which the proposals of each park reached the environmental
agency and to the different implementation procedures, there was a clear contrast between one area
with arable land and another area with poor soils, used only or mainly for the collection of natural
resources in a common use regime. In the SNSP, where environmental relevance and the possibility
of land use coexist, there was a conflict over the human occupation of the PA. In the RPSP, the
ecological importance of the area is not associated with the possibility of agricultural exploration,
minimizing competition over resources. Further detail about the context of the creation of both PAs
and about the patterns of resources use in the area is provided in Ribeiro et al. (2018) and Ribeiro
(2013). The research that originated this paper encompasses the period before the creation of the
parks until the end of 2012.

5.2 MONITORING OF SOIL COVERAGE

Landsat 5 classified images and classification published in the Inventdrio Florestal... resulted in the
cover percentages presented in Table 1.

Table 1 | Percentage of native floral cover in the Rio Preto and Serra Negra State Parks, 1986, 1992, 2003, and 2009.

classifications 1986 1992 2003 2009
native landscapes 64% 61% 69% 69%
RIO PRETO SP
cultural landscapes 36% 39% 31% 31%
native landscapes 62% 58% 63% 61%
SERRA NEGRA SP
cultural landscapes 38% 42% 37% 39%

Source: Ribeiro (2013).
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5.2.1 RIO PRETO STATE PARK

Quantification of vegetation in the RPSP shows its efficiency in maintaining native vegetation.
Between 1992 and 2009, the percentage of native vegetation cover increased by about 8%,
equivalent to 3,785 hectares.

Regarding the areas classified as CL, a methodological caveat is required. Some of these areas are
actually rocky outcrops. These areas have no vegetation cover. In this text, we sought to take advantage
of the official data of the Inventdrio Florestal..., which focused on plant species. The methodological
choice was to maintain areas with rocky outcrops as CL. Considering that vegetation cover can vary in
the landscape, but that this never happens in rocky outcrops, the latter have not changed over time nor
appear in the monitoring as a decline of the native vegetation.

Image 3 shows landscape changes in RPSP and surrounding areas in the years under study.

C_JRNSP boundary [ |Cultural landscapes [l Native landscapes ~ Disturbed areas - - E micn

Image 3 | Soil cover changes in the Rio Preto State Park and surrounding area between 1986 and 2009.

Source: IEF (2013).

The areas circled in red in Image 3 are those that had the strongest increases in native vegetation during
the period under study. The area marked with the number ‘1’ was classified as CL, because in the years
studied (1986 and 1992) their orbital images displayed burning scars. This same encircled area is crossed
by the only road in the study area. It connects downtown S3o Gongalo do Rio Preto to the RPSP.

This unpaved road runs parallel to the Preto River for a few kilometers. The recovery of this area’s
vegetation probably resulted from the park’s creation. A recurrent comment made by interviewed local
residents and landowners was that inspection enforcement was strengthened after the creation of the
park. Comparing pre- and post-park landscapes, this is confirmed, since area ‘1’, in addition to being
included in the management plan as a buffer zone, is characterized as APP? (permanent preservation
area), as it lies along a river (Brasil, 2012). Another possible explanation for the recovery of this area is the
increase in tourism focused on the Preto River. Interviewed residents of local communities reported the
arrival of people from other municipalities who buy land along the banks of the Preto River for recreational
use. According to them, after the creation of the RPSP, lands closest to the river became highly valued,
giving rise to opportunities for former residents to sell parts of their properties at good prices.

In Image 3, the area circled with the number ‘2’ also experienced an increase in native vegetation.
This area corresponds to the park’s “intensive use” area, where campsites, visitor lodging, a restaurant
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and the visitor center are located. Before the creation of the RPSP, this area hosted charcoal kilns, a
definite clue of native vegetation cutting. The campsite is located in the former corral of the Boleiras
Farm. The IEF architect responsible for the park’s buildings informed that its “intensive use” zone was
plotted in this point in order to take advantage of areas in which the native cerrado vegetation had
been significantly altered and to build facilities necessary for the PA’s operation. It is remarkable that
native vegetation made a comeback in this section despite previous uses and despite the RPSP itself.

Examining the circled area number ‘3’ in Image 3, we see that it was also affected by a considerable
regeneration of native vegetation. Factors mentioned in the case of the ‘1’ area, such as stronger
inspection over the opening of cultivation fields and vegetation burning, are probable reasons for
regeneration in area ‘3’. However, a factor specific to this area, which lays within the municipality
of Couto de Magalhdes de Minas, is the presence of another PA, the Rio Manso Area de Protecdo
Ambiental (environmental preservation area - APA, an official PA category). It was created by the
municipal government. Although APAs allow the sustainable use of their areas, the presence of this
APA may have restricted deforestation in area ‘3".

5.2.2 SERRA NEGRA STATE PARK

As shown by the data in Table 1, until 2003 the vegetation cover of the SNSP followed the same trend
as the RPSP: native vegetation shrunk between 1986 and 1992 and increased between 1992 and 2003.
However, in the case of the SNSP, between 2003 and 2009 the native floral cover decreased slightly,
while in the RPSP it remained constant. Image 4 shows these changes.

Fluctuations in vegetation cover shown in Table 1, when superimposed on information collected in
field interviews, shape a remarkable scenario. A common observation came out of the interviews
conducted with the representative of the Rural Workers Union of Itamarandiba and those conducted
with IEF employees (both from the local office and the central office in Belo Horizonte) about the
SNSP’s implementation. According to interviewees, after the park’s creation (1998), there was a period
of stagnation until it was set up. This stagnation lasted until 2007, when the team responsible for
demarcating the unit’s boundaries informed landowners that the area had become a park and that
they would be expropriated soon, receiving compensation for their properties.

~ Disturbed areas

O — —
0153 6 9 12

Image 4 | Soil cover changes in the Serra Negra State Park and surrounding area between 1986 and 2009.
Source: IEF, Ribeiro (2013).
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Some farmers abandoned their properties after learning this, because they believed that the
compensation would follow soon. The park lies in a transition area between the Cerrado biome
and the Atlantic Forest biome (the latter is protected against various types of use by Law 11.428, of
December 22, 2006). This area has available water, fertile soils and fragments of native vegetation that
function as sources of seeds and propagules of native species. It also hosts the fauna that can carry
out seed dispersion, which means that the recovery of native vegetation tends to happen quickly. The
aforementioned law stipulates that fragments of regenerating Atlantic Forest, even if they have only
non-woody pioneer species, cannot be cut (Brasil, 2006). The fact that these regenerating fragments
lie within a protected area further restricts cutting, even outside the Atlantic Forest domain. As the
park’s implementation lingered, in 2010 farmers formed an association to request compensation or
permission to start cultivating their lands again.

Comparing the history of conflicts generated by the creation of the SNSP with the history of local land
use, the facts reported by interviewees and the history of landscape changes fit each other quite well.
Although the percentage of the area covered by native vegetation expanded between 1992 and 2003,
this period coincides in part to the lack of park implementation — the park was created in 1998. In the
following period, 2003 to 2009, when the park agency officially informed the local population about
the park’s existence and about restrictions to the opening of new agricultural areas, the regrowth of
native vegetation cover could be expected. However, this did not happen, maybe because there was no
time for such a recovery to be captured by the 2009 images.

Among the areas marked in Image 4 as having gone through the strongest change in the SNSP
landscape in the years under study, only the reduction of native vegetation cover in area number 2’
can be associated with an impacting anthropic factor - a road. A state highway cuts through the park’s
narrower portion. In several cases, mainly in the Brazilian Amazon region, roads are a typical factor in
the expansion of human occupation and productive activities - including deforestation (Brondizio et
al., 2009; Li et al., 2019). Areas ‘1’ and ‘3’ correspond to the SNSP’s highest altitudes.

Some hypotheses can be proposed about changes in the SNSP landscape. First hypothesis: Despite
being used traditionally in landscape monitoring and having achieved relevant results in the RPSP,
the methodology adopted in our research may not be adequate to capture the relationship between
changes in the landscape and human actions. This may be checked by a study that uses orbital
images with a higher resolution.

Second hypothesis: the population did not feel the effect of the PA and therefore the PA did not lead to
changes in land uses. In other words: the effect of the park’s creation was not reflected in changes in
the landscape. Indeed, there was a small variation in the percentage of native vegetation cover, but this
could be caused by the traditional management system of the environment employed by populations
residing in the PA and its surroundings.

Third hypothesis: given the emerging effects of the growth of economies of scale in agriculture, the
reduced gains from small-scale agriculture, the relative aging of the rural population, and the growth
of social programs such as rural retirement and Bolsa Familia,* there could be a reduction in cultivated
areas leading to the increase of areas with native landscapes, conserved “structurally” by encompassing
socioeconomic circumstances.

6 LANDSCAPE USE PROJECTIONS

The image generated by the model for 1994 was compared to the Landsat 5 image classified for the
same year. According to Pontius et al. (2004), comparison between the image generated by the model
and the real classification (T,, — image of time T, generated from the Landsat image classification)
by itself does not guarantee the validity of the model. There is no universally accepted criterion for
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assessing the validity of a land use prediction model. In this same work, the authors suggest that it is of
central importance in any validation process to compare the T, image to the classified image that was
the basis of the model’s creation (T,, — image of time T, generated from Landsat classification image).
The landscape generated by the model (T,,, - image of time T, generated by the model) must be closer
to T2 than to T, thus justifying the use of the model. Here, T, was considered as the year 1992 and
T, the year 1994.

The result of the comparison between vegetation cover in image T, with image T,,, was a coincidence
of 70%. The null model (comparison of image T, to image T ) resulted in a correctness of 61%. In
other words, the generated model made a better explanation landscape changes occurring between
T,and T, than the null model. For the purpose of our study, the model’s percentage of correctness was
considered satisfactory, despite being lower than the percentages obtained by other studies that used
LCM and different validation methods (see Faleiro et al., 2013).

6.1 RIO PRETO STATE PARK

The values of the estimated extension of native cover in the RPSP for the years 2003 and 2009 are
shown in Table 2.

Table 2 | Comparison between the native vegetation cover of the official classification (Official Native
Percentage - ONP) and the native vegetation cover estimated by the model (Estimated Native Percentage - ENP)
applied to the Rio Preto State Park.

2003 2009
NPO 69% 69%
NPE 47% 45%
NPO-NPE 22% 24%

Source: Ribeiro (2013).

According to the model generated for the RPSP and its surrounding area, in a scenario in which the
park did not exist the native vegetation cover in the area would be around 47% in 2003 and 45% in
20009. According to the model, the existence of the park guaranteed the conservation of 24% of native
vegetation cover until 2009. Image 5 shows the classifications and projections for each year. This result
indicates that the PA is fulfilling its function of conserving native vegetation, because if the trend of
land use prior to its creation continued, almost a quarter of the area under analysis would have been
converted into a cultural landscape by 2009.

A 2003 2009

ﬂ RNSP boundary Cultural landscapes - Native landscapes

0 25 5 10 15 20

Image 5 | Comparison between landscapes obtained by the Inventdrio Florestal de Minas Gerais (A and C) and landscapes
generated by the Land Change Modeler (B and D) in the Rio Preto State Park.

Source: IEF, Ribeiro (2013).
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Analyzing the landscapes used in the construction of the model, there was a 3% reduction in native
cover between 1986 and 1992 (Image 3). The cover projection is not computed solely on the base of
this information. The other variables used in the construction of the model are also included in the
determination of this future landscape.

Connecting this data to the region’s history, it is clear that the conservationist trend, which emerged
in the municipality of Sdo Gongalo do Rio Preto in the late 1980s and resulted in the creation of the
PA in 1994, possibly had no direct effect - or maybe such an effect could not have been captured - on
landscape changes between 1986 and 1992. The movement to protect the Preto River came about from
the initiative of the urban population of the municipality of Sdo Gongalo do Rio Preto, but neighboring
farmers did not participate in the movement for the creation of the RPSP or in the definition of its limits.

6.2 SERRA NEGRA STATE PARK
Native cover data estimated by the model for the SNSP is shown in Table 3.
Table 3 | Comparison between the native vegetation cover of the official classification (Official Native

Percentage - ONP) and the native vegetation cover estimated by the model (Estimated Native Percentage - ENP)
applied to the Serra Negra State Park.

2003 2009
NPO 63% 61%
NPE 65% 66%
NPO-NPE -2% -5%

Source: Ribeiro (2013).

The images generated by the model indicated that, without the existence of the park, the landscape’s
native coverage would have been about 2% greater in 2003 and 5% greater in 2009 (Image 6). This
difference is equivalent to a deficit of more than 2,700 hectares of native vegetation for the year 2009.
The result indicates that the SNSP has not been fulfilling its role of maintaining native vegetation,
because the projection that does not consider the existence of the park estimated that, in its absence,
there would be a more extensive native vegetation cover. Problems in the establishment of the park’s
boundaries, the way these limits were established, and IEF’s delay in ‘taking over’ the park may have
conditioned this result. Schleicher et al. (2019) obtained similar results, identifying lack of inspection
and lack of proper land entitlement as major challenges in PA management.

2003
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Image 6 | Comparison between landscapes obtained by Inventdrio Florestal de Minas Gerais (A and C) and landscapes gene-
rated by Land Change Modeler (B and D) in the Serra Negra State Park.

Source: IEF, Ribeiro (2013).
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Another inference emerges from this diagnosis. The magnitude of these differences, 2 and 5%, shows
that the land use trend between 1986 and 1992 in the RPSP, analyzed by the model, caused considerably
less impact on vegetation cover when compared to the trend recorded in the SNSP. For the SNSP, the
trend would lead to an increase in native vegetation, which would grow from 58% in 1992 to 65% in
2003. The model resulted in a landscape with a tendency for recovery in the years to come.

Analyzing the effectiveness of parks in conserving biodiversity in tropical regions, Bruner et al. (2001)
found that the number of people residing inside the PAs did not have a positive correlation with PAs’
effectiveness. Despite this finding being questioned by ecological scientific bases (Francoso et al., 2015)
such as in the Cerrado, where opportunities for conservation are rapidly diminishing. We evaluate how
different categories of protected areas (PAs, the authors concluded that effectiveness was strongly
correlated with the number of PA employees, for example. Bruner et al. (2001) also showed that 17%
of the sampled parks (23 years old, on average) experienced net losses in vegetation cover after the
installation of the PAs. The trends identified in the SNSP are in line with these findings and those of
several authors (such as Engen et al. 2018; Schleicher et al. 2019; Young et al. 2020), because the
impact of the resident population inside the park was small, despite losses in native vegetation.

In the case of the SNSP, the families interviewed during our field research and their representative in
the local Rural Workers Union revealed that they maintain a close connection with their environment,
practicing low-impact agriculture, as reported by GALIZONI (2007). Even with the impossibility of
opening new areas for cultivation and with the need to keep previously cleared land in cultivation, the
trends in landscape use remained practically unchanged. Guadilla-Séez et al. (2020) obtained results
that follow the same logic, observing the effect of replacing traditional community governance in an
area of common use in Spain: state intervention destabilized a management system that had worked
well since the Middle Ages. Management that involves traditional communities, using local solutions,
is more likely to solve conflicts around PAs (Branco et al., 2020).

Research in LUCC allows us to understand interactions between different components of the process.
Brondizio et al. (2009) sustain that there is a direct link between the communities’ economic / cultural
/ social context and the ‘mark’ that they leave on landscapes - in this case, the ‘mark’ is the product
captured by the orbital images. Integrating field research with remote sensing techniques allows us to
produce an explanation of the whole that would not be possible if only one of the two ‘techniques’ were
to be applied separately. This allows for a deeper and more complex understanding of the processes
that communities go through and the specific needs of each one of them. However, on their own, data
about LUCC do not help understand the processes and causes of changes (Lambin et al., 2001).

7 FINAL REMARKS

Landscape changes in the period under study, inferred from images and their treatment, corroborated
field studies that have found an increase in the population’s perception of environmental problems and
more severe direct control over deforestation and fires in the municipality of S3o Gongalo do Rio Preto
after the creation of the RPSP (Ribeiro et al., 2018). As for the SNSP, few relationships were found. This
may be due to the scale used in our research. A major challenge is to integrate the local view scale -
characteristic of field-based social science studies - with a more regional and global view, commonly used
in the ecological and biophysical sciences. The strength of studies about land use change lies in the ability
to integrate different areas of knowledge and their different theoretical and methodological approaches.

If, on the one hand, modeling results indicated the effectiveness of the RPSP in the conservation of
local native vegetation, on the other hand there was also evidence that the pre-existing local trend
of degradation of natural resources was changed after the PA’s installation. One factor that may have
influenced the identification of this trend was the failure to identify the rocky outcrops (that we
classified as CL) and that the model understood as a product of human action, thus reinforcing the
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alteration trend. A new classification that includes the detailed identification of outcrops must be made
to test whether their size and their representativeness in the landscape really change the projections.

A future analysis that can complement the present study is the construction of models that (i) isolate
PA areas from their surroundings and (ii) use more recent data that allow capturing the context.
Quantifying and understanding trends and checking for differences in this area can improve the model
and bring valuable information for understanding interactions between local populations and their
natural environments.

The research that generated these results was funded by Brazil’s CNPq Foundation (Conselho Nacional de
Pesquisas) and by the European Union, through the FP7 — 2010, under accord #o SSH-CT-2010-266710.

NOTES

1 | CNPqg Foundation (Brazil’ National Research Council) A previous version was presented at the conference entitled “VI
Semindério Brasileiro and | Encontro Latino-Americano Sobre Areas Protegidas e Inclusdo Social” (Belo Horizonte - Brazil,
September 2013). A summary was presented at the IALE European Congress 2017” (Ghent - Belgium). The annals of both
events published this previous version.

2 | The years that demarcate the intervals are 1986, 1992, 2003 e 2009.

3 | INPE is the Instituto Nacional de Pesquisas Espaciais, Brazil's federal agency in charge of space science. Then selected
images were obtained at http://www.dgi.inpe.br/CDSR/

3 | Further information available at http://goo.gl/s5Tla
4 | Ability of the variable to explain the occurrence of land use change.

5 | Brazilian forest use legislation defines several types of “APPs” to be found - and preserved - inside in all private and
public rural properties. Swaths along rivers banks are one of these types; hilltops, steep slopes, lake borders, mesa edges and
mangroves are some of the other types.

6 | Bolsa Familia is an income transfer program created by the federal government in 2004. It targets Brazilians who have the
lowest levels of family per capita income. Currently the program benefits more than 11 million families.

REFERENCES
ALMG. Notas taquigraficas da 28a Reunido Ordinaria da Comissao de Direitos Humanos, 2010.

BRANCO, P.S., MERKLE, J.A., PRINGLE, R.M., KING, L., TINDALL, T., STALMANS, M., LONG, R.A. An experimental
test of community-based strategies for mitigating human-wildlife conflict around protected areas. Conserv.
Lett. 13. https://doi.org/10.1111/conl.12679, 2020.

BRASIL, LEI No 12.651, DE 25 DE MAIO DE 2012.

BRASIL, Lei no 11.428, DE 22 DE DEZEMBRO DE 2006. Dispde sobre a utilizagdo e protecdo da vegetagdo nativa
do Bioma Mata Atlantica, e dd outras providéncias, 2006.

BRASIL, LEI No 9.985, DE 18 DE JULHO DE 2000. Art. 20, paragrafo XVIlII, 2000.

BRONDIZIO, E.S., OSTROM, E., YOUNG, O.R., 2009. Connectivity and the Governance of Multilevel Social-
Ecological Systems: The Role of Social Capital. Annu. Rev. Environ. Resour. 34, 253—-278. https://doi.org/10.1146/
annurev.environ.020708.100707, 2009

BRUGGER, S.0., GOBET, E., VAN LEEUWEN, J.F.N., LEDRU, M.-P., COLOMBAROLI, D., VAN DER KNAAP, W.O.,
LOMBARDO, U., ESCOBAR-TORREZ, K., FINSINGER, W., RODRIGUES, L., GIESCHE, A., ZARATE, M., VEIT, H., TINNER, W.
Long-term man—environment interactions in the Bolivian Amazon: 8000 years of vegetation dynamics. Quat. Sci.
Rev. 132, 114-128. https://doi.org/10.1016/J.QUASCIREV.2015.11.001, 2016.

ISSN-e 2179-9067 Sustainability in Debate



BRUNER, A.G., GULLISON, R.E., RICE, R.E., DA FONSECA, G.A.B. Effectiveness of parks in protecting tropical
biodiversity. Science (80-. ). 291, 125-128. https://doi.org/10.1126/science.291.5501.125, 2001.

CARRANZA, T, MANICA, A., KAPQOS, V., BALMFORD, A. Mismatches between conservation outcomes and
management evaluation in protected areas: A case study in the Brazilian Cerrado. Biol. Conserv. 173, 10-16.
https://doi.org/10.1016/J.BIOCON.2014.03.004, 2014.

CORREA, R.L. A dimens3o cultural do espaco: alguns temas. Espago e Cult. 1-22, 1995.
EASTMAN, J.R. IDRISI Selva, 2012.

ENGEN, S., RUNGE, C., BROWN, G., FAUCHALD, P., NILSEN, L., HAUSNER, V. Assessing local acceptance of protected
area management using public participation GIS (PPGIS). J. Nat. Conserv. 27-34, 2018.

FALEIRO, F. V., MACHADO, R.B., LOYOLA, R.D. Defining spatial conservation priorities in the face of land-use
and climate change. Biol. Conserv. 158, 248-257. https://doi.org/10.1016/j.biocon.2012.09.020, 2013.

FERRAZ, S.F. DE B., VETTORAZZI, C.A., THEOBALD, D.M. Using indicators of deforestation and land-use dynamics
to support conservation strategies: A case study of central Rondénia, Brazil. For. Ecol. Manage. 257, 1586—1595.
https://doi.org/10.1016/J.FOREC0.2009.01.013, 2009.

FRANCOSO, R.D., BRANDAO, R., NOGUEIRA, C.C., SALMONA, Y.B., MACHADO, R.B., COLLI, G.R. Habitat loss and
the effectiveness of protected areas in the Cerrado Biodiversity Hotspot. Nat. Conserv. 13, 35-40. https://doi.
org/10.1016/J.NCON.2015.04.001, 2015.

GALIZONI, F.M. A terra construida: familia, trabalho e ambiente no Alto do Jequitinhonha, Minas Gerais. Editora
do Banco do Nordeste, Fortaleza, 2000.

GUADILLA-SAEZ, S., PARDO-DE-SANTAYANA, M., REYES-GARCIA, V. Forest commons, traditional community
ownership and ecological consequences: Insights from Spain. For. Policy Econ. 112, 102107. https://doi.
org/10.1016/J.FORPOL.2020.102107, 2020.

HERINGER, G., ALMEIDA, T.E., DITTRICH, V.A. DE O., SALINO, A. Assessing the effectiveness of protected areas
for the conservation of ferns and lycophytes in the Brazilian state of Minas Gerais. J. Nat. Conserv. 53, 125775.
https://doi.org/10.1016/J.JNC.2019.125775, 2020.

INSTITUTO CHICO MENDES. Conama aprova regulamentagdo de zona de amortecimento de unidades de
conservagdo [WWW Document]. Portal Bras. URL http://goo.gl/UyhYW (accessed 12.30.12), 2010.

KUGLER, T.A., GRACE, K., WRATHALL, D.J., DE SHERBININ, A., VAN RIPER, D., AUBRECHT, C., COMER, D., ADAMO,
S.B., CERVONE, G., ENGSTROM, R., HULTQUIST, C., GAUGHAN, A.E., LINARD, C., MORAN, E., STEVENS, F., TATEM,
A.)., TELLMAN, B., VAN DEN HOEK, J. People and Pixels 20 years later: the current data landscape and research
trends blending population and environmental data. Popul. Environ. 41, 209-234. https://doi.org/10.1007/
$s11111-019-00326-5, 2019.

LAMBIN, E.F., TURNER, B.L.L., GEIST, H.J., AGBOLA, S.B., ANGELSEN, A., BRUCE, JW., COOMES, O.T., DIRZO,
R., FISCHER, G., FOLKE, C., GEORGE, P.S.S., HOMEWOOD, K., IMBERNON, J., LEEMANS, R., LI, X., MORAN, E.F.,,
MORTIMORE, M., RAMAKRISHNAN, P.S.S., RICHARDS, J.F., SK/:\NES, H., STEFFEN, W., STONE, G.D., SVEDIN, U,,
VELDKAMP, T.A., VOGEL, C., XU, J., BRUCE, J.W., COOMES, O.T., DIRZO, R., GEORGE, P.S.S., HOMEWOOD, K.,
IMBERNON, J., LEEMANS, R., LI, X., MORAN, E.F., MORTIMORE, M., RAMAKRISHNAN, P.S.S., RICHARDS, J.F,,
STEFFEN, W., STONE, G.D., SVEDIN, U., VELDKAMP, T.A. The causes of land-use and land-cover change: moving
beyond the myths. Glob. Environ. Chang. 11, 261-269. https://doi.org/10.1016/50959-3780(01)00007-3, 2001.

LI, G., LU, D.,, MORAN, E., CALVI, M.F., DUTRA, L\V., BATISTELLA, M. Examining deforestation and agropasture
dynamics along the Brazilian TransAmazon Highway using multitemporal Landsat imagery. GIScience Remote
Sens. 56, 161-183. https://doi.org/10.1080/15481603.2018.1497438, 2019.

MORAN, E.F. O desafio de pesquisa em interagées homem-ambiente, in: Moran, E.F. (Ed.), Meio Ambiente e
Ciéncias Sociais: Interagio Homem-Ambiente e Sustentabilidade. Senac, Sao Paulo, pp. 21-50, 2011.

Sustainability in Debate ISSN-e 2179-9067




Ana Pimenta Ribeiro, José Augusto Drummond and
Eduardo Magalhdes Ribeiro.

PONTIUS, R.G., HUFFAKER, D., DENMAN, K., GILMORE, R., JR, P. Useful techniques of validation for spatially explicit
land-change models. Ecol. Modell. 179, 445-461. https://doi.org/10.1016/j.ecolmodel.2004.05.010, 2004.

PREFEITURA MUNICIPAL DE ITAMARANDIBA. Itamarandiba MG [WWW Document]. URL http://www.
itamarandiba.mg.gov.br (accessed 10.18.12), 2012.

RIBEIRO, A.P. A caligrafia da sociedade na paisagem Transformagdes no entorno de unidades de conservacgédo da
Serra do Espinhago — MG. Universidade de Brasilia - UnB. https://doi.org/10.13140/2.1.4897.4726, 2013.

RIBEIRO, A.P., DRUMMOND, J.A., RIBEIRO, E.M., CALDAS, A.L. OS PARQUES E SEUS ENTORNOS: DOIS ESTUDOS
DE CASO NO VALE DO JEQUITINHONHA MINEIRO, in: XXI Encontro Nacional de Estudos Populacionais. Pogos de
Caldas - MG. https://doi.org/978-85-85543-32-7, 2018.

RIBEIRO, E.M., GALIZONI, F.M., CALIXTO, J.S., ASSIS, T.D.P., AYRES, E.B., SILVESTRE, L.H. Gestdo, uso e conservagcao
de recursos naturais em comunidades rurais do Alto Jequitinhonha. Rev. Bras. Estud. Urbanos e Reg. 7, 77.
https://doi.org/10.22296/2317-1529.2005v7n2p77, 2005.

SCHLEICHER, J., PERES, C.A., LEADER-WILLIAMS, N. Conservation performance of tropical protected areas: How
important is management? Conserv. Lett. 12. https://doi.org/10.1111/conl.12650, 2019.

SCHULZE, K., KNIGHTS, K., COAD, L., GELDMANN, J., LEVERINGTON, F., EASSOM, A., MARR, M., BUTCHART, S.H.M.,
HOCKINGS, M., BURGESS, N.D. An assessment of threats to terrestrial protected areas. Conserv. Lett. 11, e12435.
https://doi.org/10.1111/conl.12435, 2018.

SCOLFORO, J.R., CARVALHO, L.M.T. Mapeamento da Inventario Flora Nativa e dos Reflorestamentos de Minas
Gerais. Ed. UFLA, Lavras, Minas Gerais, 2006.

SEMAD. Plano de Manejo do Parque Estadual do Rio Preto. Curitiba, 2004.

SILVA, R.F.B. DA, BATISTELLA, M., MORAN, E.F. Drivers of land change: Human-environment interactions and the
Atlantic forest transition in the Paraiba Valley, Brazil. Land use policy 58, 133—144. https://doi.org/10.1016/J.
LANDUSEPOL.2016.07.021, 2016.

SILVEIRA, F.A.O., FERREIRA, M.C., PERILLO, L.N., CARMO, F.F., NEVES, F.S. Brazil’s protected areas under threat.
Science 361, 459. https://doi.org/10.1126/science.aau4222, 2018.

TUCKER, C.M., OSTROM, E. Pesquisa multidisciplinar relacionando instituigcdes e transformagoes florestais, in: Moran,
E.F., Ostrom, E. (Eds.), Ecossistemas Florestais — Interagdo Homem-Ambiente. Senac, Sdo Paulo, pp. 109-138, 2009.

YOUNG, N.E., EVANGELISTA, P.H., MENGITSU, T., LEISZ, S. Twenty-three years of forest cover change in protected
areas under different governance strategies: A case study from Ethiopia’s southern highlands. Land use policy
91, 104426. https://doi.org/10.1016/J.LANDUSEPOL.2019.104426, 2020.

ISSN-e 2179-9067 Sustainability in Debate



\g B

Simulated deforestation versus satellite data in
Roraima, Northern Amazonia, Brazil

Paulo Eduardo Barni®
Reinaldo Imbrozio Barbosa®
Antdnio Ocimar Manzi¢
Philip Martin Fearnside®

%Universidade Estadual de Roraima, Roraindpolis, RR, Brasil
E-mail: pbarni@uerr.edu.br

binstituto Nacional de Pesquisas da Amazénia, Boa Vista, RR, Brasil
E-mail: reinaldo@inpa.gov.br

‘Instituto Nacional de Pesquisas Espaciais, Cachoeira Paulista, SP, Brasil
E-mail: aomanzi@gmail.com

9Rede Brasileira de Pesquisas sobre Mudangas Climdticas Globais, Instituto Nacional de Pesquisas
da Amazénia, Coordenagdo de Dindmica Ambiental (CDAM), Manaus, AM, Brasil
E-mail: pmfearn@inpa.gov.br

doi:10.18472/SustDeb.v11n2.2020.27493

Received: 06/10/2019
Accepted: 16/04/2020
ARTICLE- DOSSIER

ABSTRACT

Scenario analyses of land-use and land-cover change in the Amazon are necessary steps to support
decisions that can avoid the emission of millions of tons of CO2 into the atmosphere. It is important
to evaluate models that aim to simulate future scenarios. The present study evaluated scenarios
generated for the 2011-2017 period in Roraima state, in northern Amazonia. Simulated deforestation
was compared to PRODES satellite data. The mapping for the evaluations comprised (i) a “silvopastoral
use area” (excluding indigenous lands, conservation units and non-forest areas) intersected with (ii) a
grid of nine (9) 10,000-km2 (100 x 100-km) sub-areas. The 2013 scenario had the greatest similarity
(55.2%) with the corresponding PRODES map. Despite divergences between simulated deforestation in
the scenarios and PRODES deforestation, the evaluations generally demonstrated the model’s validity
and its ability to produce scenarios that realistically represent the deforestation that occurred in
Roraima state during the analyzed period.

Land-use change. Environmental modeling. Remote sensing. Amazon. Brazil.
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RESUMO

Analises de cendrios de mudanc¢a de uso e cobertura da terra na Amazénia sGo passos necessdrios
para subsidiar decisées que podem evitar a emissdo de milhGes de toneladas de CO2 para a atmosfera.
Portanto, é importante avaliar modelos que visem a simulacdo de cendrios futuros. O atual estudo
avaliou cendrios simulados no periodo 2011-2017, em Roraima, situado na por¢éo norte da Amazénia
brasileira. Comparou-se o desmatamento simulado com os dados de satélite do PRODES. O mapeamento
para as avaliagbes compreendeu (i) uma Area de Uso Silvo-pastoril — AUS (excluindo terras indigenas,
unidades de conservagéo e ndo floresta) intersectada com (ii) uma grade de 09 (nove) sub-dreas de
10.000 km2 (100 x 100 km). O cendrio de 2013 apresentou a maior similaridade (55,2%) com o mapa
correspondente do PRODES. Apesar das divergéncias entre o desmatamento simulado nos cendrios e o
desmatamento oficial, no geral, as avaliagées demonstraram a validade do modelo e a sua habilidade
para gerar cendrios que representam, de forma realistica, o desmatamento ocorrido em Roraima no
periodo analisado.

Palavras-chave: Mudanga de uso da terra, Modelagem ambiental, Sensoriamento remoto, Amazénia, Brasil.

1 INTRODUCTION
DEFORESTATION ACTORS AND MOTIVES

ACTORS

Deforestation is done by a wide variety of actors for a wide variety of reasons. Roraima, located in the
northern portion of Brazil’s Amazon region, has almost all of the actors and processes that are present
in other parts of the region, although the relative importance of each varies greatly in different parts of
Amazonia and in different parts of the state of Roraima. Actors include migrants, that is, family farmers
(small farmers) who come from other states to settle in Roraima. These are mostly individual migrants,
although Roraima has had some activity by organized groups (“sem-terras”).

Many of these actors obtain lots in government “settlement projects” of different types (YANAI et
al. 2017). However, deforestation expands further when squatters illegally occupy land beyond the
settlement boundaries, often resulting in endogenous roads extending from the access roads (vicinais)
in the official settlement projects. An example is an illegal road extending from access road No. 7 in
the Jatapu Settlement project in Roraima’s municipality of Caroebe (BARNI et al. 2012). Also important
are actors with more wealth than the small farmers for whom settlement projects are created. These
include an Amazon-wide pattern of wealthy newcomers purchasing multiple lots in a settlement project
and operating them as a single medium or large landholding (FEARNSIDE 1986, 1989; CARRERO and
FEARNSIDE 2011; YANAI et al. 2020).

Roraima also has its share or “grileiros,” or “land grabbers,” who illegally appropriate government land and
usually later subdivide it for sale to others. Grileiros often use violence and threats of violence to remove
other claimants, and can obtain official recognition of their claims through corrupt means (FEARNSIDE
2008a; TORRES et al. 2017). A series of recent laws now facilitates land grabbing, for example the limit on
the area that can be “legalized” per claimant was increased from 100 ha to 1500 ha in 2009 by Law No.
11,952 (PR 2009), and in 2017 Law No. 13,465 increased this area to 2500 ha (PR, 2017).

Land grabbing is now further facilitated by a provisional measure (MP910) signed by President Bolsonaro
on 10 December 2019 allowing legalization of land claims through a mere “self-declaration” of ownership
(PR 2019). The provisional measure has the force of law for 120 days after it was signed by the president
and can be made permanent if approved by the National Congress, as is expected (see: BRANFORD and
BORGES 2019). In addition, a wide-ranging dismantling of Brazil's environmental agencies and policies
under the presidential administration that took office on 1 January 2019 means that regulations restricting
deforestation and logging are often not enforced (FERRANTE and FEARNSIDE, 2019).
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An important group of deforestation actors is made up of mostly urban individuals who invest money
from other sources in purchasing rural properties and in deforestation, mostly for pasture. The funds
may be from legal sources, such as pharmacies, gas stations and other businesses, or from illegal
sources such as trafficking in drugs, arms or people, or from government corruption, truck hijacking
and tax evasion (FEARNSIDE 2005, 2008a). In Roraima funds from illegal gold mining in indigenous
lands can be invested this way, both by wealthy patrons of this activity and by individual “garimpeiros”
(“wildcat” miners) (e.g., MACMILLAN 1995).

Actors on the other side — those who try to slow and contain deforestation — include environmental
agencies such as the federal government’s IBAMA (Instituto Brasileiro do Meio Ambiente e dos
Recursos Naturais Renovaveis) and the state government’s FEMARH (Fundag¢do Estadual do Meio
Ambiente e Recursos Hidricos). The Federal Public Ministry (MPF), a public prosecutor’s office created
by Brazil’s 1988 constitution, also has an important role through its ability to threaten punishment
for the heads of the federal and state environmental agencies when they fail to enforce regulations
governing deforestation.

Other actors include associations of producers of present or likely future crops, such as soy and palm
oil (e.g., NEPSTAD et al. 2014). Non-governmental organizations at the local, national and international
level are also actors that can press for deforestation control (e.g., FEARNSIDE 2017). Governments and
consumers in other parts of the world also influence Brazilian policies affecting deforestation through
the threat of boycotts of Brazil’s agricultural exports and through contribution of funds that assist
in Brazil's deforestation control efforts (e.g., WEST et al. 2019). The effectiveness of these different
actors is, of course, highly varied. Roraima has long been notorious for having a state government with
environmentally destructive policies and an aversion to environmental protection; Roraima was one of
the three states in Brazil’s nine-state Legal Amazonia region that was informally classified by the World
Bank as a “red” state to indicate this pattern (FEARNSIDE 2016).

MOTIVES

The different actors have different motives, and often there are more than one factor that contribute
to a decision to deforest. One often hears statements emphasizing deforestation for subsistence, that
is, for farmers to feed their families directly from the crops they harvest. However, this represents a
minimal contribution to the total. A much larger fraction comes from agriculture and cattle ranching
activities that generate products for sale. This applies both to small farmers and to larger landholders.
However, this “normal” economic logic is only part of the motivation for deforestation. Profits in
deforested areas can be boosted by various kinds of government subsidies, such as loans at interest
below market rates and “amnesties” forgiving or indefinitely postponing loan debts whenever crops fail
or other adversities appear (FEARNSIDE 2001, 2020). In Roraima subsidies currently include support for
biofuel production (FERRANTE and FEARNSIDE 2020).

Profits from timber also motivate clearing, both from the sale of wood from trees felled in the areas that
are cleared and by the licenses permitting the clearing being used to give an appearance of legality to
wood cut in unauthorized selective logging being carried out either in the same property or elsewhere.
This practice is widespread in Amazonia (BRANCALION et al. 2018).

A major motivation for deforestation in Amazonia is to establish and maintain land tenure (FEARNSIDE,
1979). Before a land title is obtained, deforestation is regarded as an “improvement” proving
“productive use” of the land, which is a requirement for official recognition (e.g., INCRA, 2019). After
official recognition is obtained, deforestation is still motivated by land-tenure concerns (especially for
large landholders) as a means of guaranteeing that the land will not be invaded by squatters (especially
organized “sem-terras”), and that it will not be considered “unproductive” and therefore confiscated
by the government for agrarian reform.
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THE IMPORTANCE OF SIMULATION MODELS

Future scenarios of land-use and land-cover change in the Amazon are important tools for regional
analyses in space and time. They anticipate possible deforestation trajectories and offer valuable inputs
for decision making to protect the forest and its environmental services, preventing, for example,
millions of tons of CO2 from being released into the atmosphere (FEARNSIDE 2008b; IPCC 2013; LE
CLEC'H et al. 2019; SIIKAMAKI et al. 2019; SOARES-FILHO et al. 2010).

A catastrophic forecast generated by a simulation model can mobilize organized society and the media
to fight against a possible future and prevent it from actually happening (SOARES-FILHO et al. 2006).
However, it is impossible to measure the extent to which catastrophic scenarios, like the BAU (Business
As Usual) scenario of Soares-Filho et al. (2006), have contributed to the reduction of deforestation in
the Amazon and the emission of carbon into the atmosphere. Although the importance of scenarios
cannot be denied, they are only rudimentary simplifications of reality. Notable cases include “The
Limits to Growth” (MEADOWS et al. 1973) and the “Brundtland Report” (CMMAD, 1988), both of
which spurred discussions on the environment at the global level and influenced conservation policies
worldwide (OLIVEIRA, 2012; FEARNSIDE, 2019).

Few environmental-modeling studies have had as much repercussion as that of Soares-Filho et al.
(2006), which was carried out in the mid-2000s and foresaw the destruction of the eastern half of
the Amazon rainforest by 2050 (BAU scenario). The importance of these scenarios lies precisely in
their “non-effectiveness.” In other words, the fact that the scenario does not entirely match what has
happened in reality may be its greatest merit.

The great Roraima fire during the EI Nifio of 1997/98 was an event of enormous national and international
repercussion (BARBOSA and FEARNSIDE, 1999; NEPSTAD et al. 1999). This event can be considered as a
catastrophic scenario, and it motivated the beginning of discussions that culminated in the creation of
public policies for preventing and fighting fires in the state (BARBOSA et al. 2003; FONSECA-MORELLO
et al. 2017). The great advantage of creating computer simulations, unlike the real event, is that they
can be manipulated in terms of their spatial reach (e.g., the affected area), the intensity of the events
(e.g., tree mortality) and their timing (e.g., their relation to the frequency of climatic events). They can
also generate public policies that ensure the conservation of forest carbon stocks without the need to
burn or damage a single tree.

Despite the importance of land-use models, there are few studies in the literature that seek
to demonstrate their validity or effectiveness by comparing the simulated results with the real
phenomenon after the event in question has occurred. This step is generally used for the calibration
of simulation models in the training phase (e.g., ROSA et al. 2015). In calibrating these models, known
data from a short historical time period is used for calibration, and the model is expected to reproduce
the same patterns based, for example, on weights-of-evidence or on a Markov chain. After the training
or calibration rounds of the modeling, the simulated scenario is validated by comparison with the
“real” scenario that occurred in a “validation period” subsequent to that used in the calibration, thus
ensuring independence (SOARES FILHO et al. 2013).

The present study aimed to evaluate scenarios that had been generated to predict the deforestation
that would occur between 2011 and 2017 in the state of Roraima. We sought to evaluate the model’s
efficiency in representing future deforestation by comparing the deforestation simulated by the model
with what actually occurred in the region. For this we used official deforestation data from the Project
for Monitoring Deforestation in Amazonia by Satellite (PRODES) (INPE 2018). The following variables
were used as criteria for evaluating the scenarios in the comparison: annual occurrence of deforestation
(km2, ha); frequency (n); polygon size (ha) and; similarity (%) between the generated maps.

The scenarios were simulated between 2011 and 2050 and modeled using Dinamica-EGO 2.4.1 software
(https://csr.ufmg.br/dinamica/) considering the MT-GOV scenario simulated by BARNI et al. (2015a).
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In this governance scenario it was assumed that deforestation would be controlled in the state only
beginning in 2020, in line with the commitment voluntarily made by Brazil under the Paris Agreement
at COP-15 of the United Nations Framework Convention on Climate Change (GONCALVES et al. 2009).
In the period prior to 2020 (2011 to 2019), deforestation was assumed to continue in accord with the
trends observed between 2005 and 2010.

The state of Roraima can be considered to represent the most recent large agricultural frontier in
the Brazilian Amazon. This condition still exists due to Roraima’s isolation from most of the rest of
the Brazilian Amazon (BARNI et al. 2015b). In the near future one can expect the creation of new
municipalities and settlement projects, the implementation of major infrastructure projects including
reconstruction of Highway BR-319 (Manaus - Porto Velho) and building the Bem Querer hydroelectric
dam on the Rio Branco. These developments would attract migrants to Roraima and intensify disorderly
land occupation, in addition to increasing emissions of greenhouse gases.

2 MATERIALS AND METHODS
2.1 STUDY AREA

The study area covered the entire state of Roraima, with the exception of protected areas, which
are defined here as indigenous lands and conservation units (both national and state). Also excluded
were the savanna areas (locally called /avrado) in the northeastern portion of the state and areas
of oligotrophic ecosystems (locally known as campinas) that are characterized by sparse vegetation
on seasonally flooded sandy soils, which are located in the central and southwestern portions of the
state (BARBOSA et al. 2007). The remaining area, after exclusion of the “silvo-pastoral use area” (SUA)
(65,150.0 km2: BARNI et al. 2016), is a strip of land along federal highways BR-174 and BR-210 and
state highway RR-070. All of these highways are associated with secondary roads that provide access
to the farm lots in settlement projects.

In order to better understand the assessment of the scenarios, the (SUA) was overlaid with a grid of
nine “sub-areas” (SUBs). This set of sub-areas totaled 53,871.4 km2 (82.7% of the (SUA), but it did not
exclude any of the deforestation that had occurred in the SAU during the period (Figure 1).
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Figure 1 | Study area comprising the “silvo-pastoral use area” (SUA) and the grid of nine sub-areas.
Source: Authors (2020).
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2.2 DATABASE

The simulation output for the interval between 2011 and 2017, with 1-ha (100 x 100-m) spatial
resolution (BARNI et al. 2015a), was used for comparison with deforestation data for the same period
from the PRODES deforestation-monitoring program of the National Institute for Space Research (INPE)
(INPE 2018). The PRODES data represent the “real” or official deforestation in the state during the
analyzed period. Figure 2 presents a simplified flowchart of the methodology.

PRODES - 2011/17 SCENARIO PRODES - 2011/17
Vector 2011117 Raster
I
| Reclassification |
: v
> State (SUA) Vector Raster | SIMILARITY
> Cell grid “| Fuzzy Logic
STATISTICAL
ANALYSIS
v
v Deforested area (km?; ha) (%)

v" Frequency (n)
v" Polygon Size (ha)

= Ttest
= Variance (Kruskall Wallis)
= Pearson's correlation (r)

Figure 2 | Flowchart of the methods applied in the systematic evaluation of the simulated scenarios and the PRODES data.
“SUA” is the acronym for “Silvo-pastoral Use Area”.

Source: Authors (2020).

The areas (km2) as of 2017 of the land-cover classes that are included in the attribute table of the PRODES
vector file (Mainclass). This represents the SAU landscape. Data manipulation (mapping) was performed
using QGIS 2.18.1 “Las Palmas” software (https://www.qgis.org/pt_BR/site/) and Dinamica-EGO.

2.3 METHOD

To assess the scenarios, simulated annual deforestation and PRODES annual deforestation were both
vectorized and were evaluated considering only the SAU. Then the SAU was intersected with the grid
of nine sub-areas, each sub-area originally measuring 10,000 km2 (100 x 100 km). However, when
crossing the vector layers (Intersection of the SAU with the grid), all sub-areas, without exception, lost
part of their original area.

The simulation model was calibrated using one of the nine sub-areas, which was chosen at random
during the training phase. This approach can be considered to be an independent alternative to using
either ecological-climatic criteria (e.g., BARNI et al. 2015c) or municipal boundaries (e.g., SOARES-
FILHO et al. 2008) to subdivide the study area. This follows the example of Soares-Filho et al. (2013),
who used 12 sub-areas, each corresponding to a Landsat-TM scene, to evaluate methods for calibrating
land-use models in the Amazon.
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2.4 SIMILARITY ANALYSIS

For this procedure, the 2017 PRODES map in raster format was first degraded from 30-m to 100-m
spatial resolution in order to be compatible with the resolution of the scenarios, after which it was
reclassified in the years of the analysis to represent the areas of the classes (1) (deforestation) and (2)
(forest). To make the 2011 map, for example, the deforested areas of the subsequent years (2012 to
2017) had to be reclassified to the value (2) (forest) because these areas had not yet been deforested
in 2011. The “non-forest” and “water” classes were reclassified as “no data;” “cloud” areas were
reclassified as “forest” and residual areas for each year and were assigned to class (1) (deforestation)

in their respective years of deforestation. This procedure was carried out for all years after 2011.

Subsequently, the similarity between the simulated maps and the reclassified PRODES annual
deforestation maps of the SAU as a whole and within each sub-area was evaluated using the reciprocal
similarity comparison technique developed by Soares-Filho et al. (2008) as a modification of the fuzzy-
similarity method (HAGEN, 2003; BARNI et al. 2015b). This method employs several “windows” of
increasing number of cells and considers the state of the central cell as a factor of comparison between
the maps (SOARES-FILHO et al. 2008).

2.5 STATISTICAL ANALYSIS

Statistical analysis was carried out using R 3.1.1 software (https://www.r-project.org/). The evaluations
consisted of analysis of variance and the “t” test, using the raw data obtained from the crossing of
vector maps with the (SUA) and the grid of sub-areas. Tests were made for differences in “deforested
area” (ha: “t” test), “Frequency” (n) and “Polygon size” (ha) (non-parametric: Kruskal-Wallis). Pearson’s
correlation (r) was applied to test whether the percentage values (%) obtained from the reciprocal-
similarity test in a 3900 x 3900-m window in each scenario from 2011 to 2017 and in each sub-area in
the grid are correlated with the values of the variables considered above (COHEN 1988).

3 RESULTS AND DISCUSSION

Comparing simulated deforestation (total in the analyzed period = 949.9 km2: annual mean = 135.7
+ 28.7 km2) and real deforestation detected by PRODES (total in the analyzed period = 1,144.0 km2:
annual mean = 163.4 + 33.2 km2), there was no significant difference (t =2.1788; p = 0.1474; a = 0.05)
between the means (Figure 3). The real deforestation rates in this period were 41.1% lower than the
historical average (277.0 km2) computed for the state up to 2010 (BARBOSA et al. 2008; BARNI et al.
2015c). Despite the significant decrease in deforestation rates in Roraima, this decrease was 20% less
than the 61.8% decrease in deforestation observed for the Amazon as a whole in the same period.

The more modest decline in deforestation rates in Roraima up to 2010 may be related to the state’s own
deforestation dynamics, which, on average, seem to be disconnected from the deforestation dynamics
in the rest of the Amazon (e.g., RODRIGUES et al. 2009; FEARNSIDE 2017; FONSECA-MORELLO et al.
2017). This was not considered by the model. In fact, one would expect Roraima’s deforestation to be
restrained by the lack of road connection with most of the rest of the country and by the low rural
population in the state, which was 23.4% of the state’s total population in the last census (IBGE 2019).

However, this expected brake on deforestation was not seen in practice (e.g., BARNI et al. 2012, 2015c).
The lower deforestation rate (~17.0%) in the analysis interval shown in the simulated scenarios to the
PRODES data as compared was due to the presumption of a decrease in deforestation rates such that
consequent CO2 emissions in the state would be consistent with what was voluntarily proposed by the
Brazil at COP 15 for the entire Brazilian Amazon (GONCALVES et al. 2009; BARNI et al. 2015a).

Sustainability in Debate ISSN-e 2179-9067




Paulo Eduardo Barni et al.

250
H Scenario BPRODES
200
150
100

50

Deforestation (km?)

0 |
2011 2012 2013 2014 2015 2016 2017
Year

Figure 3 | Comparison between simulated (Scenario) and “real” (PRODES) deforestation.

Source: Authors (2020).

Considering the annual deforestation in the nine sub-areas (covering 82.7% of the 65,150-km2 SAU),
modeled deforestation (period total = 851.2 km2: annual mean = 121.6 + 27.2 km2), representing
89.7% of the total simulated deforestation in the SAU, it also did not differ from the real deforestation
(period total = 987.3 km2: annual mean = 141.0 + 43.5 km2), representing 86.3% of the deforestation
recorded in the SAU between 2011 and 2017 (t = 2.23; p = 0.34; a = 0.05).

However, there were some divergences in the total area deforested (ha) and in the frequency (n) when
considering the annual deforestation computed by the model as compared to that found by PRODES
within each sub-area individually. For example, there was a significant difference (Kruskal-Wallis)
between the means for deforested area within the SUB-A4 sub-area (Difference between polygons
= 39.3; p = 0.04) and SUB-AS8 (Difference between polygons = 39.9; p = 0.04), while the frequency of
polygons was significantly different only in SUB-A4 (p = 0.02) (Figure 4).
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Figure 4 | Variation in deforested area (ha) in the scenarios computed by the model (A: SUB-Ax-Sc) and detected by PRODES
(B: SUB-Ax-P) within each sub-area throughout the analysis period.

Source: Authors (2020).

These inconsistencies are explained by the large deforestation seen in these sub-areas both before
and during the analysis period. This made it difficult for the model to “capture” the dynamics of
deforestation, sometimes deforesting “too much” (SUB-A4) and sometimes deforesting “too little”
(SUB-A8) based on the comparison with PRODES. SUB-A4, for example, is a region that historically has
had greater deforestation pressure due to its proximity to the state’s capital city of Boa Vista (BARNI
et al. 2015b); this sub-area covers part of the municipalities of Mucajai, Iracema (right bank of the Rio
Branco, cut by BR-174), Cantd (left bank and cut by RR-070) and Caracarai (both banks and cut by both
highways) (Figure 5a).
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Simulated deforestation versus satellite data in
Roraima, Northern Amazonia, Brazil

In 2009, for example, the municipality of Mucajai was on the “black list” of the municipalities that most
deforested in Brazil’s Amazon region (PR 2007). Currently Mucajai leads the ranking of municipalities in
the state in terms of the absolute area deforested (1898.2 km2), followed by Cantd (1583.0 km2) and
Roraindpolis (1235.8 km2) (INPE 2018), the latter being covered by SUB-A8.

-~

I Deforestation
I Forest
I Water

Non forest i

Figure 5 | In (A), location of subarea four (SUB-A4) between subareas three (SUB-A3) and five (SUB-A5); and in (B), subarea
eight (SUB-AS8) to the left of subarea nine (SUB-A9). The black lines represent the outlines of the grid sub-areas and the
yellow lines represent the borders of the municipalities.

Source: Authors (2020).

All these considerations concerning SUB-A4 are even more worrying due to the fragility of the ecotone
forests (contact zone between ombrophilous forest and the savannas) that characterize this sub-area. Due
to their proximity to the savanna (locally called the “lavrado”), these forests have repeatedly been affected
by major forest fires, especially in El Nifio years (BARBOSA and FEARNSIDE 1999; BARNI et al. 2015c).

Contrary to what was seen in sub-area SUB-A4, where our model had its worst performance, SOARES-
FILHO et al. (2013) reported that their models performed best (with highest accuracy) for deforestation
frontiers that were already consolidated, as is the case in SUB-A4. SOARES-FILHO et al. (2013) found that
the worst performances were for recent deforestation frontiers and for those that were in transition,
with multiple actors present and where changes in the deforestation processes were underway.
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This is the case in sub-area SUB-A8, which covers a large part of the municipality of Roraindpolis
and, as mentioned above, contains both a large consolidated deforested area close to the municipal
seat and other deforestation frontiers in different stages of consolidation, ranging from frontiers that
have begun to be occupied only recently (2014-2015), are in transition (2008-2009) and are already
consolidated (1985-2002) (BARNI et al. 2012, 2018a; MOURAO 2011). All of these processes are related
to the creation of settlement projects (YANAI et al. 2017) and to the invasion of public lands that lack
any protection status (FEARNSIDE 2017).

In SUB-AS, deforestation has been speeded by the role that authorizations granted for the use of wood in
areas approved for “clearcutting” (deforestation) plays in laundering wood from illegal selective logging
(G12018; NUNES 2018; CONDE et al. 2019). The clearcutting projects are licensed by the State Foundation
for the Environment and Water Resources (FEMARH) upon the written request of the land owner.

Considering the average polygon size simulated annually by the model (9.7 + 12.5 ha) and the average
polygon size detected by PRODES (12.6 + 17.6 ha) within the grid of sub-areas (n = 9), a significant
difference was observed only in sub-area SUB-A6 (p <0.01). In this sub-area, the average size of the
simulated polygons was 9.6 + 2.5 ha, while the average size of polygons detected by PRODES was 18.9 +
5.6 ha, or almost twice as large as the simulated polygons. Sub-area SUB-A6 includes a new settlement
project (~700 km2) that was in the process of opening lots via clearcutting projects obtained for the
purpose of selective logging (CONDE et al. 2019; SOARES-FILHO et al. 2013). This finding is of special
interest because FEMARH releases up to 20% of the lot area to be felled, than it is likely that this factor
contributed to the occurrence of larger deforestation polygons, and therefore to the fact that they
were detected by the PRODES system in this sub-area. The settlement in question with lots of 500 to
1000 ha was created to meet the demands of logging entrepreneurs and other business owners living
in the municipal seat of Roraindpolis (BARNI et al. 2018a, p. 168). This contrasts with other settlement
projects in the southern portion of Roraima where, in general, lot sizes have ranged from 50 to 100 ha,
and the lots were distributed to landless farmers (BARNI et al. 2012; YANAI et al. 2017).

Figure 6 exemplifies the situation discussed above, showing deforestation in 2017 in a settlement
project that had been recently opened to meet the demands of businesspeople in Rorainépolis (BARNI
et al. 2018a). Note that the size of the deforestation polygons detected by the PRODES system far
exceeds the area of the polygons simulated by the model.

M Forest I Forest
I Deforested I Deforested
M Scenario 2017 [] PRODES 2017

Figure 6 | Visual comparison between simulated deforestation polygons (black) and observed in 2017 (yellow) by PRODES in
a part of the SUB-A6 sub-area where a settlement project with unusually large lots had been recently opened.

Source: Authors (2020).
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3.1 SIMILARITY ASSESSMENT IN THE SAU

The results of the similarity tests (%) between the annual deforestation scenarios and the PRODES data
for the SAU registered the overall mean of 46.4% in a 3900 x 3900-m window (39 x 39 cells). The annual
scenario that showed the greatest similarity with the PRODES data was that of 2013 with 55.2%, and
the lowest was that of 2017, with 24.0% similarity in a 3900 x 3900-m window (Figure 7).

The result for 2017 positively influenced the mean similarity of the scenarios below the limit value of
50.0%, together with the years 2012 (42.3%), 2016 (48.0%) and 2015 (49.0%), while the years 2013,
2011 (54.5%) and 2014 (52.0%) registered values above this value. With the exception of 2012 and
the inversion observed between the values for 2013 and 2011, the results agree with the data of
Rosa et al. (2015). Studying the calibration / validation response (accuracy of predictions) of land-use
change models according to the choice of the time period used in this phase, these authors observed
that the closer or shorter the interval used for the calibration / validation of models the better was
their performance. In other words, the longer the interval used, the less accurate the models were in
predicting future deforestation.
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Figure 7 | Similarity test between scenarios for the SUA and PRODES data.
Source: Authors (2020).

The overall mean similarity achieved by each annual scenario, within each sub-area in a 3900 x 3900-m
window, was 48.9%. The lowest similarity recorded was 4.0%, which was in sub-area SUB-A1 in 2017,
and the highest (91.9%) was in e SUB-A5 in 2014. SUB-A1 showed the greatest variability in the annual
scenarios (SD = 26.7%), followed by SUB-A5 (SD = 26.3%), with the least variability being found in
SUB-A7 (SD = 7.1%). The mean variability was 16.1%.

When the data matrix is inverted, the 2017 scenario shows the greatest variability (SD = 17.4%),

followed by the 2012 scenario (SD = 16.5%). The mean deviation was 14.0% considering all
scenarios (Figure 8).

In Figure 8 it can be seen that the 2017 scenario increases the similarity starting from the north (SUB-A1)
to the south (SUB-A8). The opposite behavior can be seen in the 2013 scenario, in which the similarity
decreases considering the same direction of growth as in the 2017 scenario.
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Figure 8 | Similarity behavior of the sub-areas in each annual scenario.
Source: Authors (2020).

3.2 CORRELATION ANALYSIS

Correlation analysis was used to test whether the deforested area (ha), the frequency of polygons (n)
and the size of the average polygon (ha) deforested in each sub-area influenced the similarity in each
scenario within the sub-areas.

The results indicate that the frequency or number of polygons provided by the simulation of the
scenarios and also from the PRODES data, in the sub-areas, contributed more strongly to the similarity
than did the other variables. Even so, the variable “deforested area,” for example, showed a strong
correlation with similarity in sub-areas SUB-A1, SUB-A2, SUB-A3 and SUB-A9.

Considering the variable “polygon size,” the highest mean sizes of the deforestation polygons
detected by PRODES in 2014 (14.3 ha) and 2017 (14.7 ha) versus the smaller mean sizes of simulated
polygons in the scenarios (11.6 ha for 2014 and 6.5 ha for 2017) may have inversely influenced the
similarity in the sub-areas. In this case, the larger size of the polygons detected by the PRODES
system in these years implied less similarity between the simulated scenarios and the real data in
sub-areas SUB-A6, SUB-A8 and SUB-A9.

4 FINAL CONSIDERATIONS

The lessons learned from the approach applied in our study suggest that the behavior of deforestation
is not linear and that it can change depending on time (from one year to the next) and space (from one
location to another). This is consistent with the idea that the occurrence of deforestation in different
parts of the study area in the period was favored by road construction, creation of settlement projects,
cumulative previous deforestation close to roads, proximity to urban consumer centers (SOARES-
FILHO et al. 2004; BARNI et al. 2015b; ROSA et al. 2015) and the application of public policies, such
as the stimulation of illegal selective logging through timber laundering through authorizations for
clearcutting in settlement projects.

The problem of divergence between the simulated deforestation results and the real or official
deforestation that occurred in some sub-areas of the study area, shown by the similarity tests, does
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not jeopardize the validity of the scenario analysis. These divergences are difficult to predict and can
often be related to the origin and culture of the landholders, who base their decision to deforest or
not to deforest an area on the basis of market behavior (RODRIGUES et al., 2009; FEARNSIDE, 2017).

Considering these issues, the probability of deforestation in our study area was increased by the
creation of settlement projects for large landholders and by invasions of public lands (government
areas “without destination”). The creation of settlement projects for large landholders and the action
of land grabbers (grileiros), for example, opened thousands of hectares of untouched forests as areas
for speculation in the real estate market, then to the selective logging market and finally to the meat
market ending (FEARNSIDE, 2017).

This process may take several years to stabilize the cumulative deforested area in the properties, which,
by law, can deforest a maximum of 20% of the lot area. During this time the area is transformed into a
zone “producing” deforestation. The process can be accelerated with the arrival of loggers who open
roads for landholders in exchange for permission to remove timber from the lots.

Despite the divergences pointed out above between deforestation simulated in the scenarios and
official PRODES deforestation, in general the evaluations demonstrated the validity of the model and
the ability of future scenarios to realistically represent the deforestation that occurred in the study area,
considering the clearing from 2011 to 2017. The correlation analysis, for example, offered excellent
inputs for the simulation model calibration phase. Prioritizing the frequency (n) and the mean polygon
size (ha) of deforestation during the calibration phase of a simulation model can substantially improve
the model’s performance.
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ABSTRACT

The Piranga River Basin is one of the main sub-basins of the Doce River, being one of the most
historically explored, which culminated in an emblematic episode, the rupture of the mining tailings
dam in Mariana. Those responsible for the damage had to develop solutions to repair the territory,
mainly the definition of priority areas for conservation. One factor to consider for this definition was
the institution of protected spaces in rural properties, such as the Permanent Preservation Areas (PPAs),
consolidated by the new Forest Code (Law No. 12,651 / 2012). For the allocation of intervention areas,
the Multicriteria Analysis was adopted, widely used in decision-making processes. The results showed
that the southeast area of the Doce River State Park is more likely to receive initiatives to restore native
vegetation. The opposite occurs in the more urbanized regions of the basin, which are also coincident
with the steepest areas.

Multicriteria analysis. Permanent preservation areas. Reforestation of native vegetation.
Piranga River Basin.

RESUMO
A Bacia do Rio Piranga é uma das principais sub-bacias do Rio Doce, sendo uma das mais exploradas
historicamente, que culminou em um episédio emblemdtico, o rompimento da barragem de rejeitos de
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minera¢do em Mariana. Os responsdveis pelo dano precisaram desenvolver solu¢bes para reparagdo
do territdrio, destacando-se a definicdo de dreas prioritdrias para conservagdo. Um fator a considerar
para essa definicdo foi a instituicdo de espagos protegidos em imdveis rurais, como as Areas de
Preservagcdo Permanente (APPs), consolidadas pelo novo Cédigo Florestal (Lei n® 12.651/2012). Para
alocagdo das dreas de intervengdo foi adotada a Andlise Multicritério, amplamente utilizada em
processos de tomadas de decisdo. Os resultados mostraram que as dreas a sudeste do Parque Estadual
do Rio Doce apresentam maiores propensdes a receber iniciativas de restauragdo de vegetagdo nativa.
Ocorre o contrdrio nas regiées mais urbanizadas da bacia, que coincidem, também, com as dreas de
maior declividade.

Palavras-chave: Andlise Multicritério. Areas de preservacdo permanente. Reflorestamento de vegetagdo
nativa. Bacia do Rio Piranga.

1 INTRODUCTION

The management techniques concerning the planning practices are fundamental for development of
environmental nature projects, either to generate knowledge about the considered territories or to
organize the resources and formulate the most appropriate proposals and decisions for the work. In
general, such planning practices include documents and materials that make up a diagnosis for first
analyzes. For building the subsequent phases, focused on the prognosis, it is pertinent to adequately
define the criteria that will justify the variables observed in the diagnosis.

This process becomes complex when the number of actors involved and interested is large. To overcome
these types of difficulties, some techniques have been developed in order to simplify this organization
of information and determining where environmental actions would need to take place. The use of
such tools becomes even more important taking into account geographic sections of considerable
extension, such as river basins.

Another ecological and regulatory issue to be considered when defining priority areas for conservation
in river basins is the institution of protected spaces within rural properties with the general objective
of compensating for the improper economic uses developed in these properties. In addition,
several environmental experts emphasize that public areas under protection are insufficient for
the conservation of the planet’s biodiversity, another strong justification for the institution of these
territories (GOTTFRIED et al., 1996).

Thus, the new Forestry Code (Law No. 12,651 /2012) included the consolidation of two instruments for the
restoration and sustainable use of native vegetation within rural properties, the Permanent Preservation
Areas (PPA) and the Legal Reserve (RL). The current environmental scenario is one of intense degradation
and exploitation of these areas, whether due to urban occupation or agricultural activities. Therefore,
actions for the environmental restoration of these systems are necessary in order to restore them to their
original conditions and so that they can perform the ecological function for which they were created.

Nunes et al, 2017, classified the forest restoration process into three groups: passive, intermediate and
active, depending on the strategy that will be adopted. Natural regeneration is mentioned as a passive
method, the conduction of regeneration and its enrichment is considered an intermediary method,
and the reforestation of species with or without economic purpose is taken as an active method. The
focus of the study is reforestation by using species with no economic purpose.

In this sense, the multicriteria analysis has been widely used in order to simplify certain decision making
processes (FRANCO et al., 2013). Many scientific investigations such as Ferraz and Vettorazzi, 2003;
Valente, 2005; Vettorazzi, 2006; Sartori, 2012; Uribe, 2014; Francisco et al., 2008; Valente and Vettorazzi,
2017, have already developed studies to define priority areas for reforestation, without economic ends,
using multicriteria analysis as a tool for this choice, and have had satisfactory results in their research.
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It is worth mentioning that, for the restoration of PPAs located in the study area, some premises are
assumed and may guide the choice of variables and the process of multicriteria analysis. PPAs located
close to urban centers or near highways have a history of greater degradation and for this reason should
be prioritized. On the other hand, some geographical conditions must be taken into account. Areas with
more fertile soils will be prioritized because they are easier to complete the restoration process, as well
as areas located on a higher slope and with soil more susceptible to erosion should be prioritized because
they present a strong tendency to degrade with anthropic and natural actions. Finally, this article aims to
identify priority areas for reforestation in PPAs located in the Piranga River Basin.

2 METHODOLOGY

The study methodological approach was divided into four steps, the first being dedicated to the
geographic characterization of the section under study, the second to the regulatory status necessary
for analysis, while the third and fourth, explaining the model in focus, its methodology, processing,
variables and weights. Following is an organization chart showing each of the steps and their
relationships (Figure 1).
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Figure 1 | Methodological organization chart
Source: The authors (2018).

Social

2.1 STUDY AREA

The study area is the Piranga River Basin (Figure 2) located in the southwestern part of the Doce River
hydrographic basin, in the State of Minas Gerais. In fact, it is the continuation of the Piranga River that
receives the name of the Doce River, after receiving the waters of the Carmo River, thus Piranga is
effectively the main forming of Doce River. The Piranga basin contains 77 municipalities, 62 of which have
their headquarters located within the contribution area. Its population is 711,026 inhabitants (480,882
urban, 230,144 rural), according to data from the IBGE / Census 2010, in a total area of 17,562.5 km?,
representing about 25% of the Doce River Basin. The main biodiversity conservation area within the Doce
River Basin is the Doce River State Park (PERD), which is also within the Piranga basin area.

The headwaters of the Piranga River are located in the Serra da Mantiqueira, in the municipality of
Ressaquinha and its main tributaries are the Xopoté and Turvo Limporrivers. It presents two hydroelectric
plants along its course - HPP Brecha, in the municipality of Guaraciaba and PCH Brito, in Ponte Nova, in
addition to having a relatively intense industrial and productive activity, including mineral production,
where the Samarco Mining Company also stands out.
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Figure 2 | Piranga River Basin
Source: The authors (2018).

Regarding the predominant economic activities in the Basin, although the entire extension of the Doce
River Basin stands out as a milk producer basin, denoted by the high numbers of cattle herds (PPM,
2018), the municipalities northeast of the Piranga River Basin make up an important local economic
and logistically strategic region for the entire state of Minas Gerais, named the Vale do Aco region. In
addition, between 1920 and 1930 the region was chosen in Minas Gerais to receive the eucalyptus
forest culture through government programs and incentives from steel mills. An example was Compahia
Siderurgica Belgo Mineira, and later Acesita, in 1949. The company was a pioneer in the creation of
forest services in the region and encouraged other subsidiary companies to operate in the reforestation
sector (GUERRA, 1995). Such a profile can be evidenced by the land use and occupation map of the
Basin (Modelo Optimizagro. SOARES FILHO et al., 2013), where it is possible to identify large extensions
focused on forest plantation (525,766 ha).

As a consequence of this land use and occupation, the Piranga River Basin, as well as all the territory
of the Doce River Basin, has a history of intense soil degradation and inadequate use of its natural
resources, such as water. According to latest data, the territory in almost all its extension, 83.3%, was
classified as moderately degraded or degraded (UFMG; UFV; Fundagdo Renova, 2018), and the Piranga
River Basin is located in this regional section.

In 2015, with the collapse of the Fundao dam, located in the municipality of Mariana and operated
by the Samarco mining company, this scenario worsened. According to Pires et al (2017), 40 to 63
million m® of mining tailings were discharged in the river. The damaging consequences, in addition to
the destruction of total or partial districts such as Bento Rodrigues, Paracatu and Gesteira, were losses
in biodiversity, economic losses for the riverside populations and intense pollution of the entire Doce
River. According to Fernandes et al. (2016), the event was the last straw in a long lasting degradation
process, which affected the provision of ecosystem services for more than 1 million people, with an
estimated loss of US $ 5.21 billion per year in the region (GARCIA et al., 2017). Forest restoration,
the focus of the study, in this area is one of the mechanisms capable of guaranteeing the quality and
guantity of water in the Doce River Basin (Figure 3).
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Figure 3 | Tailings mud path from the Funddo dam, municipality of Mariana

Source: EPSJV/Fiocruz

2.2 WATER BODY PERMANENT PRESERVATION AREAS

The Forest Code (Law No. 12,651 / 2012) brought about the consolidation of two instruments for
restoration and sustainable use of native vegetation within private rural properties, the Legal Reserve
(RL) and the Permanent Preservation Areas (PPA). According to the Forest Code, PPAs are defined as:
“the protected area, covered or not by native vegetation, with the environmental function of preserving
water resources, the landscape, geological stability and biodiversity, facilitating the gene flow of fauna
and flora, protecting the soil and ensure the well-being of human populations.” (Item lll, of Article 3 of
Law 12.651 / 2012). In this sense, the need to preserve and restore these areas becomes clear.

These areas, whether or not covered by native vegetation, are located neighboring the banks of rivers
and other water bodies in bands of varying width, on steep slopes, hill tops, in addition to other locations
specified by law. However, the current scenario is one of intense degradation and the occupation of
these protected areas for agricultural activities and urban use. According to data from Soares Filho et
al (2014), the environmental liability debt of PPAs is approximately 220,000 hectares for the whole of
Brazil, and this scenario is even worse in the Atlantic Forest biome, which occupies more than 98% of
the Doce River Basin, where only 12% to 16% of native vegetation remains. It is worth mentioning that
when assessing the environmental liability with higher resolution images and a denser hydrographic
network, this liability may increase.

The new Forest Code (Law No. 12,651 / 2012) also includes changes to the establishment of these
PPAs. Article 4, item | defines PPA as being the marginal areas of any natural, perennial or intermittent
watercourse from the edge of the regular riverbed, in a minimum width that can vary from 30 m to
500 m, according to the width of the river between less than 10 m and more than 600 m, respectively.

Federal Law 12.651 / 2012 also specifies which areas should carry out forest restoration and which

method to use. According to device 13 of article 61A, the forest restoration in the marginal bands can
be done, isolated or together, by means of:
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| - conducting natural regeneration of native species;
Il - planting native species;
11 - planting of native species in conjunction with conducting the natural regeneration of native species;

IV - intercalated planting of woody, perennial or long-cycle, exotic species with native species of
regional occurrence, in up to 50% (fifty percent) of the total area to be recomposed, in the case of
rural properties with up to 4 fiscal modules, as well as to demarcated indigenous lands and other
areas entitled to traditional peoples and communities that make collective use of their territory
(BRASIL, 2012, Art. 3, item | to IV and Single Paragraph).

These three forms of recomposition refer to three restoration processes classified by Nunes et al (2017),
as passive, intermediate and active. Passive restoration or natural regeneration is a process of natural
succession with minimal human intervention (HOLL and AIDE, 2011). It is a slow but low-cost process.
The active, on the other hand, is a process of restoration by total planting with native species without
economic ends. This latter technique is the focus of the approach in this article.

In order to a PPA area minimally fulfill its environmental functions, as determined by the Forest Code,
its use must be compatible with the previously existing native vegetation preservation regime. In this
sense, the mapping of land use and coverage, preferably in high spatial resolution, is an important tool
for the analysis of legal compliance in the scale of rural properties and the landscape, as in the case of
the Doce River Basin. The National Water Agency (ANA) and the Brazilian Institute of Geography and
Statistics (IBGE) provide hydrographic maps of the entire country, but the scale of 1:100,000 or less
available in these maps does not allow a detailed analysis of the Doce River Basin. For this reason, the
hydrographic network mapping carried out by the Brazilian Foundation for Sustainable Development
(FBDS) was used in this study. The FBDS mapping project was carried out through supervised
classification of RapidEye remote sensing images for the year 2013, on a scale of 1:10,000, producing
maps of land use and coverage on the scale of 1:20,000.

2.3 MULTICRITERIA ANALYSIS

Spatial analysis represents one of the most efficient and economical methods in the management of
watersheds, especially when it is necessary to carry out a prioritization of areas. In a practical way, it
is an integration of different landscape information plans and their characteristics and, or, processes,
together with the Geographic Information Systems GIS (VALENTE, 2005). In this sense, the Multicriteria
Analysis (MCA) can be highlighted, according to Malczewski (2004), this method can be described as a
process that transforms and combines spatial and non-spatial data resulting in a decision.

MCA as a methodology is based on the observation of alternatives in order to clarify issues, where different
criteria involved with a given study object are used for identifying the best options available within the
analyzed universe (FRANCISCO et al., 2007, apud FRANCO et al., 2013). This analysis is based on criteria
that can be factors and restrictions and can refer to individual attributes or the whole set. Despite the
selection of criteria as well as the definition of the relative importance of each criterion present a certain
degree of subjectivity, the results obtained have shown great coherence with reality (VETTORAZZI, 2006).

Thus, in order to define the MCA weights, which will guide the formulation of the final analysis, one of
the main techniques used is the Analytical Hierarchical Process (AHP), where the weights are assigned
according to their relative importance. According to Souza et al. (2013), this technique is based on the
identification of a decision problem and its decomposition into “sub problems”, where each one can be
analyzed independently (SILVA JUNIOR, 2015).
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The attribution of weights to the criteria consists of quantifying the importance of each one in the
decision-making process. Several methods have been developed to assist in the definition of the
factor compensation weights, including the ordering, the point scale, the point distribution and the
method based on the comparison of criteria two by two (RAMOS and MENDES, 2001). To elaborate the
comparison matrix, the factors were compared, two by two, using Eastman (2001) as a reference, with
the continuous scale of nine points (Table 1). The compensation weights, which express the importance
or order of importance of the factors in the decision-making process, were determined based on the
literature review from projects developed using the Participatory Technique. The software used to
support the application of multicriteria analysis method was ArcGlIS.

Table 1 | Intensity of importance between criteria

Intensity of importance Definition and explanation
1 Equal importance - both factors contribute equally for the goal
Moderate importance - one factor is slightly more important
3
than the other
Essential importance - one factor is clearly more important
5
than the other
7 Demonstrated importance - One factor is strongly favored and its
greater relevance has been demonstrated in practice
Extreme importance - The evidence that differentiates factors
9 . ) .
is of the highest order possible
Intermediate values between judgments - possibility
2,46 . ;
of additional commitments

Source: Adapted from Eastman (2001).

2.4 DEFINITION OF VARIABLES AND WEIGHTS USED

In the period from 2002 to 2017, many studies were developed with the objective of identifying
priority areas for conservation through multicriteria analysis. In this process, one of the most important
methodological steps is the definition of variables. In this sense, the following related researches
produced by Borges (2009); Lima et al. (2011); Francisco (2006), Ferraz, S.F.B. & Vettorazzi, C.A, (2003);
Bertoni & Lombardi (1985), Mannigel et al., (2002) can be highlighted as foundations for choosing
variables and others parameters. In addition, Uribe (2014) presents a study in which the choice of
variables was made through interviews with stakeholders in an area in the southern portion of Mexico
of 11,631 km? covering wholly or partially (50%) 124 municipalities. Table 2 below details which
variables stand out according to the percentage in which they appeared in the interviews.

Table 2 | Ranking of the criteria used in AHP most mentioned in interviews by stakeholders

Ranking Criterion Frquency
1 Forest fragment distance 64,3
2 Land use and land use changes 57,1
3 Erosion risk (soil erodibility and rain erosivity) 53,6
4 Biodiversity index and natural corridors 46,4
5 Declivity 42,9
6 Crop distance 39,3

Demographic density, distance from highways,
7 . - 35,7
distance from rivers
Distance from human settlements, marginality index
8 . . 32,1
and social capital
9 Depth of soil 28,6
10 Land tenure (CAR) 17,9
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Ranking Criterion Frquency
11 Distance from protected areas (PPAs) 10,7
12 Soil fertility 7,1
Distance from point sources of greenhouse gas emissions,
13 migration rate, forest fragmentation, precipitation, 3,6
livestock presence, use of biodiversity, temperature

Souce: Adapted from Uribe et al, (2014).

The action of these stakeholders (landowners, local development associations, etc.) in the decision-
making process is legitimate and necessary since they are the agents of the forest restoration process,
in addition, it ends up bringing a transdisciplinary approach integrating scientific knowledge and local
knowledge. These users or interest groups in the basin are directly linked to primary development and
/ or conservation activities since they enjoy the landscape for their subsistence and are thus directly
linked to the generation of ecosystem services. This type of study brings a methodology for building
bottom-up policies that are considered more effective for maintaining restored areas, in contrast to the
top-down ones that bring strictly technical criteria for discussion (LINDBORG et al., 2008).

Thus, for the present study, variables were chosen and segmented by typologies (ecological, regulatory
and social) with the respective study used to support them (Table 3).

Table 3 | Chosen Variables for applying in MCA

Criteria Type Source

Catelani et al., 2012; Franco; Hernandez; Moraes,
2013; Orsi; Geneletti; Newton, 2011

Orsi; Geneletti, 2010;
Valente; Vettorazzi, 2008)

Catelani et al., 2012; Franco; Hernandez; Moraes,

Proximity to native forest

Proximity to protected areas

Land use Ecological 2013; Orsi; Geneletti; Newton, 2011

Declivit Sartori, 2012; Valente, Valente; Petean; Vettorazzi,
Y 2017; Valente; Vettorazzi, 2008

Erodibility Mannigel et al, 2002; BERTONI, J.;

LOMBARDI NETO, F, 1990
Property Registration (CAR) Regulatory Uribe et al., 2014

Fabbro Neto et al., 2014; Valente; Valente;
Vettorazzi, 2008

Fabbro Neto et al., 2014; Uribe et al., 2014;
Valente; Valente; Vettorazzi, 2008

Distance from highways

Social
Distance from urban centers

Source: The authors (2018).

Regarding the assignment of grades and the resulting classification, the areas were segmented into
high, medium and low priority for reforestation. Following is a description of some of the criteria and
how the grades were assigned according to the authors mentioned:

Slope: Slope is important because the higher its index, the greater the risk of erosion,
which makes the steeper areas more interesting for reforestation, and they also have a
lower propensity for agricultural use, which also favors the less flat areas having a higher
priority for planting native species.

Land use: Land use is an indicator of favorable or even inappropriate areas. Examples of
areas that do not apply the possibility of reforestation with native species are areas that
are already covered by native trees, urban areas, highways, surfaces covered by water.
Forestry and traditionally agricultural areas are also not favorable.
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Susceptibility to erosion: Reforestation is a tool to combat erosion. Therefore, its
implementation becomes more interesting in places where this type of problem occurs,
considering that where there is erosion, generally, there are also no other types of
economic interest.

Erodibility: Soil erodibility factor K (t.ha.h./ha.MJ.mm) was used as a reference; where:
t = ton, ha = hectare, h = hour, MJ = mega joule and mm = millimeter. Its determination
requires field visits and validations, according to local conditions. Due to the inexistence of
these data, factors estimated from soil characteristics were used, according to Bertoni &
Lombardi Neto (1985; 1990) and cited by Mannigel et al (2002).

Proximity to Native Woods: Reforestation with native species is favored with the proximity
of other native forests as this implies ecological connectivity. Thus, we used the variable
that makes up the bands of areas that are up to 50 meters away from the native forests
already existing in the researched PPAs.

Proximity to Urban Areas: Generally, the proximity to urban areas is not a favorable factor
for the implementation of reforestation of native forest. This is due to the fact that, in
general, urban expansion and real estate speculation are factors of considerable pressure
and detract from the sustainability of these areas. In this way, we used the variable that
composes the bands of areas that are up to 200 meters away from the urban areas present
in the surveyed PPAs.

Proximity to Highways: Similar to that explained in the previous item, proximity to highways
is also a factor considered unfavorable. Thus, we used the variable that makes up the bands
of areas that are up to 200 meters away from the highways.

After the variables previous study, the maps to be used in the multicriteria analysis were selected. As a
process, the selected maps were reclassified by assigning a grade to each class, as previously explained.
At the end, weights were given for each of the variables separated according to the authors cited in
studies of the AHP method. Table 4 shows the weights used in the final analysis.

Table 4 | Weights used in the final analysis

Proximity to Proximity to CAR registra-
. Declivity Erodibility urban dreas | Land use . Weights
native forest / roads tion
Proximity to
native forest ! ) ) ) ) ) 0,28
Declivity 5 1 - - - - 0,12
erodibility 7 9 1 - - - 0,18
Proximity to
urban areas/ 3 3 3 1 - - 0,17
Land use 7 5 7 7 1 - 0,15
CAR registration 7 7 5 3 5 1 0,10

Souce: The authors (2018).

3 RESULTS AND DISCUSSIONS

The results are different from other works available in the literature, such as those seen in the studies
of Francisco (2006) and Ferraz and Vettorazzi (2003) because the great challenge to be faced is the large
extension of the chosen basin, since most of the previous research was developed for small basins.
Another important difference is the focus on permanent protection areas of watercourses. For this,
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an intense work of remote sensing was necessary due to the great differences in width among the
watercourses found in the basin.

In a practical way and observing by a general overview, Figure 4 shows that the areas to the southeast
of the Doce River State Park are more likely to receive restoration initiatives with native species. The
opposite occurs in the most urbanized regions of the basin and also similarly in those regions with a
lower density of native vegetation. The latter are coincident with the areas of the steepest relief.

Legend

Priority areas for reforestation

H ow

[ Medium
m Hion

Coordinate system UTM 235
Datum Sirgas 2000

REGION:

Piranga River Basin

Figure 4 | Map of Priority Areas for Reforestation

Source: The authors (2018).

However, it can be inferred that the present study takes on great importance due to the historical
scenario of degradation due to agricultural activities in these protection territories, especially if taken
into account the environmental importance of these areas (water recharge, containment of erosive
processes, carbon storage, refuge of fauna) and the urgency to reestablish the ecological processes
after the tailings dam rupture in Mariana.

Another pointto discuss is that reforestation is just one of the restoration strategies that can be mentioned.
There are also forest plantations for economic purposes, normally it is a mix of exotic and native species,
which can be chosen according to the farmer’s desire and also based on the edaphoclimatic characteristics
of the territory. In this sense, it is mentioned that each of these formats for restoration has peculiarities
that may require other variables than those used in this study and highlight other necessary approaches
for the restoration chain, such as the need for investment in nurseries of plant species, training of local
labor and other actions already evidenced by other studies (SALOMAO, 2019).

However, it is necessary to highlight that there was no validation of these results in the field, but
some indications can explain about the coherence of the results. One of the criteria considered in the
analysis as facilitating restoration was the proximity to native vegetation and land use. At the landscape
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level, connectivity with forest fragments can provide gene flow and accelerate the restoration process
(NUNES et al, 2017), this point ends up explaining the concentration of activities around the PERD,
which is a State Conservation Unit.

Another issue is regarding the proximity of the road network. Access around the Park is limited, the
nearest highway (LMG 760) had a troubled environmental licensing process and only in 2018 the
paving process was resumed. A third explanatory point would be the pedological characteristic of the
region, the yellow latosol is the dominant classification. These soils are deep and well structured, being
attractive for planting native species, but poor in nutrients for crops (CONSORCIO ECOPLAN-LUME).

In addition, another necessary issue in this on-site validation is popular participation. This social control
is crucial for the realization of restoration. If the rural owner does not feel part of the process, it will
be very difficult in the medium and long term to succeed. For this reason, a “bottom up” process is
necessary since the construction of public policies such as the Environmental Regularization Program -
PRA, as discussed in Salomao (2019).

4 CONCLUSIONS

The next step of the research to be continued is concerned to the development of some scenarios that
may influence public policies. According to (Soares Filho et al 2016) the first scenario to be outlined
aims to verify what percentages of priority areas for restoration are within areas in debt according
to the Forest Code and so to establish a hierarchy by municipalities. For that purpose, the maps of
the aforementioned authors will be retrieved, an analysis of which municipalities are in greater debt
will be established and how this issue can be partially solved by the model will be decided. For the
second scenario, an assessment will be made of the extent of priority areas for passive restoration and
contrasting this with the extent provided for in instruments for the recovery of the Piranga River Basin.
It can be mentioned as instruments the Basin Master Plan and the PPAs Recovery Program established
in the TTAC - Conduct Adjustment Transaction Term established between public and private entities,
thanks to the consequences of the Fundao Dam Disruption.
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RESUMO

A Bacia do Rio Piranga é uma das principais sub-bacias do Rio Doce, sendo uma das mais exploradas
historicamente, que culminou em um episddio emblematico, o rompimento da barragem de rejeitos de
mineracdo em Mariana. Os responsaveis pelo dano precisaram desenvolver solugdes para reparagdo do
territdrio, destacando-se a definicdo de dreas prioritarias para conservacdao. Um fator a considerar para
essa defini¢do foi a instituicdo de espacos protegidos em imdveis rurais, como as Areas de Preservacio
Permanente (APPs), consolidadas pelo novo Cédigo Florestal (Lei n® 12.651/2012). Para alocacdo das
areas de intervencao, foi adotada a Analise Multicritério, amplamente utilizada em processos de tomadas
de decisdo. Os resultados mostraram que as areas a sudeste do Parque Estadual do Rio Doce apresentam
maiores propensées a receber iniciativas de restauracdo de vegetacdo nativa. Ocorre o contrario nas
regides mais urbanizadas da bacia, que coincidem, também, com as dreas de maior declividade.

Andlise Multicritério. Areas de preservagdo permanente. Reflorestamento de vegetacio
nativa. Bacia do Rio Piranga.

ABSTRACT
The Piranga River Basin is one of the main sub-basins of the Doce River, being one of the most historically
explored, which culminated in an emblematic episode, the rupture of the mining tailings dam in Mariana.
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Those responsible for damage had to develop solutions to repair the territory, mainly the definition of
priority areas for conservation. One factor to consider for this definition was the institution of protected
spaces in rural properties, such as the Permanent Preservation Areas (PPAs), consolidated by the new
Forest Code (Law No. 12,651 / 2012). For the allocation of intervention areas the Multicriteria Analysis,
widely used in decision-making processes, was adopted. The results showed that the areas southeast of
the Doce River State Park are more likely to receive initiatives to restore native vegetation. The opposite
occurs in the more urbanized regions of the basin, which are also coincident with the steepest areas.

Keywords: Multicriteria analysis. Permanent preservation areas. Reforestation of native vegetation.
Piranga River Basin.

1 INTRODUCAO

As técnicas de gestdo direcionadas as praticas de planejamento sdo fundamentais para o desenvolvimento
de projetos de cunho ambiental, seja para gerar conhecimentos sobre os territérios contemplados, seja
para organizar os recursos e formular as propostas e as decisdes mais adequadas para os trabalhos. De uma
maneira geral, tais praticas de planejamento incluem documentos e materiais que compdem um diagndstico
para as primeiras analises. Para a constru¢do das fases subsequentes, voltadas para os progndsticos, é
pertinente definir adequadamente os critérios que embasarao as varidveis observadas no diagnostico.

Esse processo torna-se complexo quando o nimero de atores envolvidos e interessados é grande. Para
contornar esses tipos de dificuldade, foram desenvolvidas algumas técnicas que buscam simplificar essa
organizac¢do de informagdes e determinam onde as agdes ambientais precisariam ocorrer, ainda mais
levando em consideragdo recortes geograficos de extensdo considerdvel, como as bacias hidrograficas.

Outra questdo ecoldgica e regulatdria a se considerar na definicdo das areas prioritarias para conservacao
em bacias hidrograficas é a instituicdo de espacos protegidos dentro de imdveis rurais com o objetivo
geral de compensar os usos econdmicos indevidos desenvolvidos nessas propriedades. Além disso,
varios especialistas ressaltam que as areas publicas sob protecdo sdo insuficientes para a conservacao da
biodiversidade do planeta, outra justificativa para a instituicao desses territérios (GOTTFRIED et al., 1996).

Dessa forma, o novo Cédigo Florestal (Lei n® 12.651/2012) trouxe a consolidacdo de dois instrumentos de
recomposic3o e uso sustentavel da vegetacdo nativa dentro dos imdveis rurais, as Areas de Preservagdo
Permanente (APP) e as de Reserva Legal (RL). O cenario atual é de intensa degradacdo e explora¢do dessas
areas, seja pela ocupacdo urbana, seja por atividades agropecuarias. Para isso, tornam-se necessarias
acOes para restauracao ambiental desses sistemas a fim de retomar as suas condi¢des iniciais e para que
possam fazer a funcdo ecoldgica para a qual foram criados. Nunes et al. (2017) classificaram o processo
de restauracao florestal em trés grupos: passivo, intermediario e ativo, a depender da estratégia que sera
adotada. Cita-se como passivo a regeneracao natural, como intermedidrio a conducdo da regeneracdo e
o enriquecimento, e como ativo o reflorestamento de espécies com ou sem finalidade econémica. O foco
do estudo é o reflorestamento com espécies sem finalidade econémica.

Nesse sentido, a analise multicritério tem sido amplamente utilizada com objetivo de descomplicar
determinados processos de tomadas de decisdo (FRANCO et al., 2013). Ferraz e Vettorazzi (2003);
Francisco et al. (2008); Sartori (2012); Uribe (2014); Valente (2005); Valente e Vettorazzi (2017); e
Vettorazzi (2006) ja desenvolveram estudos para definicdo de areas prioritarias para reflorestamento,
sem fins econémicos, utilizando a analise de multicritério como ferramenta para essa escolha, e tiveram
resultados satisfatérios em suas pesquisas.

Vale destacar que, para restauracdo das APPs localizadas na drea de estudo, algumas premissas sdo

assumidas e poderdo nortear a escolha das varidveis e o processo da analise de multicritério. APPs
localizadas préximas a centros urbanos ou rodovias possuem um histérico de degradagdo maior e, por
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essa razao, deverdo ser priorizadas. Por outro lado, algumas condi¢Ges geograficas devem ser levadas
em consideracdo. Areas com solos mais férteis serdo priorizadas por terem maior facilidade de se
concluir o processo de restauragdo, assim como dreas localizadas em maior declive e com solos mais
susceptiveis a erosdao devem ser priorizadas por terem uma maior tendéncia a se degradar com as
acdes antrdpicas e naturais. Por fim, o presente artigo tem como objetivo identificar dreas prioritdrias
para reflorestamento em APPs na Bacia do Rio Piranga.

2 METODOLOGIA

A descricdo metodoldgica do estudo foi dividida em quatro itens, sendo a primeira dedicada a
caracterizagdo geografica do recorte em estudo, a segunda ao status regulatério necessario a analise
e, por fim, a terceira e a quarta explicitando o modelo em questdo, sua metodologia, processamento,
varidveis e pesos. Segue um organograma demonstrando cada uma das etapas citadas acima (Figura 1).

| VARIAVEIS |
Proximidadede
mata nativa

Proximidadea
areas protegidas

Uso do solo /

Ambientais

Anélise da legislagdo
*Cédigo Florestal (Lei Federal 12.651/2012)
(Determinagdo das APPs /

riparias)

Classificacdo

! —

Mapas Bacias

[

Declividade /

[

Erodibilidade  /

(Referéncias
Bibliograficas)

|

Hidrogréficas
Ortorretificadas / Cadastro no CAR / Regulatorias | Atribuindo pesos p Mapf.:z ﬁf“"‘,' .
(IBGE) (AHP) Areas prioritarias
. para
Dlstanm_a de reflorestamento
rodovias

Distanciade
centros urbanos

/ Sociais

Figura 1 | Organograma metodoldgico

Fonte: Elaborada pelos autores (2018).

2.1 AREA DE ESTUDO

A area de estudo é a Bacia do Rio Piranga (Figura 2) localizada na parte sudoeste da Bacia Hidrogréfica
do Rio Doce, no estado de Minas Gerais. Inclusive, é a continuac¢do do Rio Piranga que recebe o nome
de Rio Doce, apds receber as dguas do Rio Carmo, dessa forma, sendo o seu principal rio formador. A
Bacia do Piranga contém 77 municipios, e 62 destes possuem suas sedes localizadas dentro da area de
contribuicdo. Sua populacdo é de 711.026 habitantes (480.882 urbana e 230.144 rural), segundo dados
do IBGE/Censo 2010, em uma area total de 17.562,5 km?, representando cerca de 25% da Bacia do Rio
Doce. A principal drea de conservacdo da biodiversidade da Bacia do Rio Doce é o Parque Estadual do
Rio Doce (Perd), que também esta dentro da area da Bacia do Piranga.

As nascentes do Rio Piranga situam-se na Serra da Mantiqueira, no municipio de Ressaquinha, e
seus principais afluentes sdo os rios Xopotd e Turvo Limpo. Possui duas usinas hidrelétricas — UHE
Brecha, no municipio de Guaraciaba, e PCH Brito, em Ponte Nova, além de ter uma atividade
industrial e produtiva relativamente intensa, incluindo producao mineral, onde podemos apontar
também a Mineradora Samarco.
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Figura 2 | Bacia do Rio Piranga

Fonte: Elaborada pelos autores (2018).

No que tange as atividades econémicas predominantes na Bacia, apesar de toda a extensdo da Bacia do
Rio Doce se destacar como uma bacia leiteira, denotada pelos altos nimeros de rebanhos bovinos (PPM,
2018), os municipios a nordeste da Bacia do Rio Piranga compdem uma importante regido econémica
local e estratégica do ponto de vista logistico para todo o estado de Minas Gerais, a regido do Vale do Aco.

Além disso, entre 1920 e 1930 a regido foi escolhida em Minas Gerais para receber a cultura do
eucalipto por meio de programas governamentais e incentivo de usinas siderurgicas. Um exemplo foi a
Companhia Siderurgica Belgo Mineira, e posteriormente a Acesita, em 1949. A empresa foi a pioneira
na criagao de servigos florestais na regido e impulsionou outras empresas subsididrias a operarem no
setor de reflorestamento (GUERRA, 1995). Tal perfil pode ser evidenciado pelo mapa de uso e ocupacgado
do solo da Bacia — Modelo Otimizagro (SOARES FILHO et al., 2013), onde é possivel identificar grandes
extensOes voltadas para a silvicultura (525.766 ha).

Como consequéncia desse uso e ocupacdo do solo, a Bacia do Rio Piranga, assim como todo o territdrio
da Bacia do Rio Doce, possui um histérico de intensa degradagdo do solo e uso inadequado dos seus
recursos naturais, como a dgua. Como ultimos dados, o territério, em quase toda a sua extensao,
83,3%, foi classificado como moderadamente degradado ou degradado (UFMG; UFV; FUNDACAO
RENOVA, 2018), e a Bacia do Rio Piranga localiza-se nesse recorte.

Em 2015, com o rompimento da Barragem de Fundao, localizada no municipio de Mariana e de operagao
da empresa Samarco, tal cenario agravou-se. De acordo com Pires et al. (2017), 40 a 63 milhdes de m*® de
rejeitos oriundos da minerac¢do foram dispostos no rio e tiveram como consequéncias, além da destruicdo
de distritos total ou parcial, como Bento Rodrigues, Paracatu e Gesteira, perdas na biodiversidade, perdas
econOmicas para as populagdes ribeirinhas e uma poluicdo intensa de todo o Rio Doce (Figura 3).
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Figura 3 | Caminho da lama desde o municipio de Mariana
Fonte: EPSJV/Fiocruz

Segundo Fernandes et al. (2016), o acontecimento foi a Ultima gota em um processo de degradacdo
duradouro, que afetou o provisionamento de servigos ecossistémicos para mais de 1 milhdo de
pessoas, com uma perda estimada em USS 5,21 bilhdes por ano na regido (GARCIA et al., 2017). A
restauracao florestal, foco do estudo dessa drea, € um dos mecanismos capazes de garantir a qualidade
e a quantidade da 4gua na Bacia do Rio Doce.

2.2 AREAS DE PRESERVACAO PERMANENTE DE CURSOS DE AGUA

O Codigo Florestal (Lein? 12.651/2012) trouxe a consolidacdo de dois instrumentos de recomposicdo e
uso sustentavel da vegetacdo nativa dentro das propriedades privadas rurais: as Reservas Legais (RL) e
as Areas de Preservacdo Permanente (APPs). De acordo com o Cédigo Florestal, as APPs s3o definidas
como: “a drea protegida, coberta ou ndo por vegetacdo nativa, com a funcdao ambiental de preservar
os recursos hidricos, a paisagem, a estabilidade geoldgica e a biodiversidade, facilitar o fluxo génico de
fauna e flora, proteger o solo e assegurar o bem-estar das populagées humanas” (Inciso lll, do art. 32 da
Lei 12.651/2012). Nesse sentido, fica clara a necessidade de preservacdo e restauracdo dessas areas.

Essas dreas, cobertas ou ndo por vegetagdo nativa, localizam-se as margens de rios e outros corpos-
d’dgua em faixas de largura varidvel, nas encostas ingremes, topos de morro, além de outros locais
especificados pela lei. Todavia, o cenario atual é de intensa degradacao e da ocupagdo dessas areas
protegidas para atividades agropecuarias e uso urbano. Segundo dados de Soares Filho et al. (2014), o
passivo ambiental de APPs é de aproximadamente 220.000 hectares para todo o Brasil, e esse cenario
ainda é pior no bioma Mata Atlantica, bioma que ocupa mais de 98% da Bacia do Rio Doce, onde
restam apenas 12% a 16% de cobertura vegetal nativa. Vale ressaltar que, ao avaliar o passivo, com
imagens de maior resolu¢do e malha hidrografica mais adensada, este pode aumentar.
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O novo Codigo Florestal (Lei n2 12.651/2012) ainda trouxe mudangas no estabelecimento dessas APPs.
De acordo com o artigo 49, inciso |, define-se como drea de APP as faixas marginais de todo curso-d’agua
natural, perene ou intermitente, desde a borda do leito regular, em largura minima que pode variar de
30 m a 500 m, de acordo com a largura do rio entre menos de 10 m a mais de 600 m, respectivamente.

A Lei Federal 12.651/2012 também explicita quais areas deverdo realizar a recomposicdo florestal e
gual método utilizar. De acordo com o dispositivo 13 do artigo 61A, a recomposi¢do nas faixas marginais
podera ser feita isolada ou conjuntamente, por meio de:

| - conducgdo de regeneracdo natural de espécies nativas;
Il - plantio de espécies nativas;

Ill- plantio de espécies nativas conjugado comacondugdo daregeneragdo natural de espécies nativas;
IV - plantio intercalado de espécies lenhosas, perenes ou de ciclo longo, exdticas com nativas de
ocorréncia regional, em até 50% (cinquenta por cento) da area total a ser recomposta, no caso dos
imdveis rurais com até 4 mddulos fiscais, bem como as terras indigenas demarcadas e as demais
areas tituladas de povos e comunidades tradicionais que fagam uso coletivo do seu territério
(BRASIL, 2012, Art. 3, inciso | a IV e Paragrafo Unico).

Essas trés formas de recomposicdo fazem alusao a trés processos de restauracao classificados por Nunes
et al. (2017), como passivo, intermediario e ativo. A restauracdo passiva ou regeneracdo natural trata-se
de um processo de sucessdo natural com a minima intervengao antrépica (HOLL; AIDE, 2011). Trata-se de
um processo lento, mas de baixo custo. Ja o ativo trata-se de um processo de restauragdo por plantio total
com espécies nativas sem fins econémicos, sendo essa técnica o foco do presente artigo.

Para que uma area de APP cumpra minimamente suas funcdes ambientais, conforme determina
o Cddigo Florestal, seu uso deve ser compativel com o regime de preservacao da vegetacdao nativa
previamente existente. Nesse sentido, o mapeamento do uso e cobertura da terra, preferencialmente
em alta resolugdo espacial, € um importante instrumento para a andlise da conformidade legal na escala
das propriedades rurais e da paisagem, como no caso da Bacia Hidrografica do Rio Doce. A Agéncia
Nacional de Aguas (ANA) e o Instituto Brasileiro de Geografia e Estatistica (IBGE) disponibilizam mapas
da hidrografia de todo o Pais, porém a escala de 1:100.000 ou inferior presente nesses mapas nao
permite uma andlise detalhada da Bacia do Rio Doce. Por isso, foi utilizado neste estudo o mapeamento
darede hidrografica realizado pela Fundagdo Brasileira para o Desenvolvimento Sustentavel (FBDS), por
meio de classificagdo supervisionada de imagens RapidEye para o ano de 2013, na escala de 1:10.000,
produzindo mapas de uso e cobertura na escala de 1:20.000.

2.3 ANALISE MULTICRITERIO

A espacializagdo representa um dos métodos mais eficientes e econdmicos no manejo de bacias
hidrograficas, principalmente quando é necessdrio executar uma priorizacdo de areas. De forma pratica,
trata-se de uma integracdo de diferentes planos de informacdo da paisagem e suas caracteristicas e,
ou, processos, juntamente com os Sistemas de Informac¢des Geograficas — SIGs (VALENTE, 2005). Nesse
sentido, surge a Analise de Multicritério (AMC), que, segundo Malczewski (2004), pode ser descrita como
um processo que transforma e combina dados espaciais e ndo espaciais resultando em uma decisado.

A AMC como metodologia se fundamenta na observacdo de alternativas para esclarecimento de
guestdes, onde sdo utilizados diferentes critérios envolvidos com determinado objeto de estudo, com
objetivo de identificar as melhores opc¢Ges disponiveis dentro do universo analisado (FRANCISCO et
al., 2007 apud FRANCO et al., 2013). Essa analise fundamenta-se em critérios que podem ser fatores
e restricOes, e podem referir-se a atributos individuais ou ao conjunto todo. Apesar de a sele¢do dos
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critérios eadefinicdo daimportanciarelativade cadaumdelesapresentarem certograu de subjetividade,
os resultados obtidos tém apresentado uma grande coeréncia com a realidade (VETTORAZZI, 2006).

Dessa forma, para definicao dos pesos da AMC, que ird orientar a formula¢do da andlise final, uma das
principais técnicas utilizadas é o Processo Analitico Hierarquico (AHP), no qual os pesos sdo atribuidos
de acordo com a sua importancia relativa. De acordo com Souza et al. (2013), essa técnica se baseia na
identificacdo de um problema de decisdo e na sua decomposi¢cdao em “subproblemas”, onde cada um
pode ser analisado de forma independente (SILVA JUNIOR, 2015).

A atribuicdo de pesos aos critérios consiste em definir a quantificacdo da importancia de cada um deles
no processo de decisdo. Varios métodos foram desenvolvidos para auxiliar a definicdo dos pesos de
compensacgao dos fatores, entre eles o da ordenacdo, da escala de pontos, da distribui¢cdo de pontos e do
método baseadonacomparacdodecritériosdoisadois (RAMOS; MENDES, 2001). Para elaboragdao da matriz
de comparacao, os fatores foram comparados, dois a dois, utilizando como referéncia Eastman (2001), a
escala continua de nove pontos (Tabela 1). Os pesos de compensacdo, que expressam a importancia, ou
ordem de importancia dos fatores no processo de tomada de decisao, foram determinados com base na
revisdo de literatura, em projetos desenvolvidos na Técnica Participatodria.

Tabela 1 | Intensidade da importancia entre critérios

Intensidade da . -
. P Definigdio e explicagdo
importdncia
1 Importancia igual — os dois fatores contribuem igualmente para o objetivo
3 Importancia moderada — um fator é ligeiramente mais importante que o outro
5 Importancia essencial — um fator é claramente
mais importante que o outro
7 Importancia demonstrada — um fator é fortemente favorecido e sua
maior relevancia foi demonstrada na pratica
9 Importancia extrema — a evidéncia que diferencia os fatores
é da maior ordem possivel
246 Valores intermedidrios entre julgamentos
T — possibilidade de compromissos adicionais

Fonte: Adaptada de Eastman (2001).

O software utilizado para realizacdo do método de andlise multicritério foi o ArcGlIS.

2.4 DEFINICAO DAS VARIAVEIS E DOS PESOS UTILIZADOS

No periodo de 2002 a 2017 muitos estudos foram desenvolvidos com o objetivo de identificar
dreas prioritdrias para conservacdao por analise de multicritério. Nesse processo, uma das etapas
metodoldgicas mais importantes é a definicdo das varidveis. Nesse sentido, podemos ressaltar como
fundamentacdo para escolha das bases os trabalhos de Bertoni e Lombardi (1985); Borges (2009);
Ferraz e Vettorazzi (2003); Francisco (2006); Lima et al. (2011); e Mannigel et al. (2002).

Além disso, Uribe (2014) apresenta um estudo no qual a escolha das variaveis se deu por meio de
entrevistas com as partes interessadas em uma area na por¢do sul do México, de 11.631 km?,
contemplando integralmente ou parcialmente (50%) 124 municipios. Segue a Tabela 2 detalhando
quais as variaveis de destaque segundo a porcentagem em que elas apareceram nas entrevistas.
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Tabela 2 | Ranking dos critérios para AHP mais citados nas entrevistas

Ranking Critério Citagdo
1 Distancia de fragmento florestal 64,3
2 Uso do solo e mudangas no uso deste 57,1

Risco de erosdo (erodibilidade do solo e erosividade
3 53,6
pela chuva)

4 indice de biodiversidade e corredores naturais 46,4
Declividade 42,9
Distancia de cultivos 39,3

Densidade demografica, distancia de rodovias,
7 RPN . 35,7

distancia de rios

Distancia de assentamentos humanos, indice

8 L . . 32,1
de marginalidade e capital social
9 Profundidade do solo 28,6
10 Posse de terra (CAR) 17,9
11 Distancia de areas protegidas (APPs) 10,7
12 Fertilidade do solo 7,1
Distancia de fontes pontuais de emissdo de gases
de efeito estufa, taxa de migragdo, fragmentacgao

13 - 3,6

florestal, precipitagdo, presenca de gado, uso

da biodiversidade, temperatura

A acdo destes stakeholders (proprietarios da terra, associagbes de desenvolvimento local, etc.) no
processo decisorio é legitima e necessaria, ja que sdo eles os agentes do processo de restauragao
florestal. Além disso, acaba por trazer uma abordagem transdisciplinar integrando o conhecimento
cientifico e os saberes locais. Esses usuarios ou grupos de interesse da bacia estdo ligados diretamente
as atividades primarias de desenvolvimento e/ou conservacdo, ja que usufruem da paisagem para sua
subsisténcia estando assim diretamente vinculados a geracdo de servigos ecossistémicos. Este tipo
de estudo traz uma metodologia de construgao de politicas bottom-up, que sdo consideradas mais
efetivas para manutencdo de dreas restauradas, ao contrario das top-down, que trazem para discussao

Fonte: Adaptada de Uribe et al. (2014).

critérios estritamente técnicos (LINDBORG et al., 2008).

Dessa forma, para o presente artigo, foram escolhidas as varidveis e segmentadas por tipologias

(ecoldgico, regulatério e social) com o respectivo estudo utilizado para embasa-las (Tabela 3).

Tabela 3 | Varidveis escolhidas

Critérios Tipo Fonte
Proximidade 3 mata nativa Catelani et al. (2012); Franco, Hernandez e Moraes (2013);
Orsi, Geneletti e Newton (2011)
- . . Orsi e Geneletti (2010);
Proximidade a dreas protegidas Valente e Vettorazzi (2008)
Uso do solo Ecoldgico Catelani et al. (2912); Franc.o, Hernandez e Moraes (2013);
Orsi, Geneletti e Newton (2011)
Declividade Sartori (2012); Valente, Petean e Vettorazzi (2017);
Valente e Vettorazzi (2008)
Erodibilidade Bertoni e Lombardi Neto (1990); Mannigel et al. (2002)
Cadastro do imdvel (CAR) Regulatorio Uribe et al. (2014)
Distancia de rodovias Fabbro Neto et al. (2014); Valente e Vettorazzi (2008)
Distancia de centros Urbanos Social Fabbro Neto et al. (2014); Uribe et al. (2014);
Valente e Vettorazzi (2008)
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Quanto a atribuicdo das notas e a consequente classificagdo, as dreas foram segmentadas em alta,
média e baixa prioridade para o reflorestamento. Segue abaixo a descri¢cdo de alguns dos critérios e
como se deu essa atribuicao segundo os autores citados:

Declividade: a declividade é importante porque quanto maior seu indice, maior o risco
de erosdo, o que torna as dreas mais ingremes mais interessantes ao reflorestamento,
e também possuem menor a propensao para o uso agricola, o que também favorece as
areas menos planas terem uma prioridade maior ao plantio de espécies nativas.

Uso do solo: o uso do solo é indicador de areas favordveis ou até mesmo imprdprias. Exemplos
de areas que ndo se aplica a possibilidade de reflorestamento com espécies nativas sdo as
areas que ja sdo cobertas por arvores nativas, dreas urbanas, rodovias e superficies cobertas
por agua. Silviculturas e areas tradicionalmente agricolas também nao sdo favoraveis.

Susceptibilidade a erosdo: o reflorestamento é uma ferramenta de combate a erosao.
Portanto, sua implantacdo torna-se mais interessante em lugares onde ocorre este tipo de
problema, tendo em vista que onde ha erosao, geralmente, também nao ha outros tipos
de interesse de cunho econémico.

Erodibilidade: usou-se como referéncia o fator de erodibilidade do solo K (t.ha.h./ha.MJ.
mm), onde: t = tonelada, ha = hectare, h = hora, MJ = mega joule e mm = milimetro. Sua
determinacdo requer visitas e validagdes em campo, de acordo com as condicdes locais.
Devido a inexisténcia desses dados, utilizaram-se fatores estimados a partir das caracteristicas
dos solos, conforme Bertoni e Lombardi Neto (1985, 1990) e Mannigel (2002).

Proximidade as matas nativas: o reflorestamento com espécies nativas é favorecido pela
proximidade de outras matas nativas, uma vez que isso implica na conectividade ecolégica.
Dessa forma, utilizou-se a variavel que compde as faixas de areas que apresentam até 50
metros de distancia das matas nativas ja existentes nas APPs pesquisadas.

Proximidade as dreas urbanas: a proximidade de dreas urbanas ndo é um fator favoravel
a implantacdo de reflorestamentos de mata nativa, de uma maneira geral. Isso se deve
ao fato de que, geralmente, a expansdo urbana e a especulagdo imobiliaria sdo fatores
de considerdvel pressdo e desfavorecem a sustentabilidade dessas areas. Dessa maneira,
utilizou-se a varidvel que compde as faixas de areas que apresentam até 200 metros de
distancia das dreas urbanas presentes nas APPs pesquisadas.

Proximidade as rodovias: de modo analogo ao explicitado no item anterior, a proximidade
as rodovias também é um fator considerado desfavoravel. Assim, utilizou-se a varidvel que
compde as faixas de areas que apresentam até 200 metros de distancia das rodovias.

Apds o estudo prévio das varidveis, foram selecionados os mapas a serem utilizados na analise de
multicritério. Como processo foi feita a reclassificacdo dos mapas selecionados atribuindo-se nota
para cada classe, conforme ja exposto anteriormente. Ao final foram dados pesos para cada uma das
variaveis separadas de acordo com os autores citados pelo método AHP. A Tabela 4 expressa os pesos
finais utilizados na analise final.

Tabela 4 | Pesos finais utilizados na analise final

prox. veg. Declividade | Erodibilidade Prox. areas Uso do solo | Possui CAR Pesos
nativa urb.
Prox._veg. 1 ) ) ) ) ) 0,28
nativa
Declividade 5 1 - - - - 0,12
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Prox. veg. Declividade | Erodibilidade Prox. dreas Uso do solo | Possui CAR Pesos
nativa urb.

Erodibilidade 7 9 1 - - - 0,18
Prox. areas
urbanas e 3 3 3 1 - - 0,17

rodovias

Uso do solo 7 5 7 7 1 - 0,15

Possui CAR 7 7 5 3 5 1 0,10

Fonte: Elaborada pelos autores (2018).

3 RESULTADOS E DISCUSSOES

Os resultados diferenciam dos outros da literatura, vistos em estudos como Francisco (2006) e Ferraz e
Vettorazzi (2003), no momento em que se tem como desafio a grande extensao da bacia escolhida, ja que
a maioria das pesquisas foram desenvolvidas para pequenas bacias. Outra diferenca é o foco para as areas
de protecdo permanente de cursos de dgua. Para isso foi necessario um intenso trabalho de sensoriamento
remoto devido as grandes diferencas de larguras entre os cursos-d’dgua encontrados na bacia.

De forma pratica, em uma visdo geral, a Figura 4 mostra que as areas a sudeste do Parque Estadual
do Rio Doce apresentam maiores propensdes a receber as iniciativas de restauragdo com espécies
nativas. Ocorre o contrario nas regides mais urbanizadas da bacia e também nas de menor densidade
de vegetacdo nativa, estas Ultimas coincidem com as areas de relevo mais declivoso.

660000 710000 760000

Legenda

Grau de prioridade para reflorestamento

Il Baixo
] Médio
I Alto

Sistema de Coordenadas UTM 23 S
Datum Sirgas 2000

REGIAO:

Bacia Hidrografica do Rio Piranga

Figura 4 | Mapa de Areas Prioritarias

Fonte: Elaborada pelos autores (2018).
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Entretanto, entende-se que o presente estudo é de grande importancia devido ao cenario histérico de
degradacdo das atividades agropecuarias nesses territérios de protecdo, principalmente se levadas em
consideragdo a importancia ambiental dessas areas (recarga hidrica, contencdo de processos erosivos,
estocagem de carbono e reflgio da fauna) e a urgéncia para que sejam reestabelecidos os processos
ecoldgicos pdés-rompimento da barragem de rejeitos em Mariana.

Outro ponto a discutir é que o reflorestamento é apenas uma das estratégias de restauracdo que
podem ser citadas. Existem também os plantios com fins econédmicos, normalmente trata-se de um
mix de espécies exdticas e nativas, que podem ser escolhidas de acordo com a vontade do agricultor
e também a partir de caracteristicas edafoclimaticas do territério. Nesse sentido, cita-se que cada um
desses formatos para restauro apresentam peculiaridades que podem demandar outras varidveis que as
utilizadas neste estudo e evidenciar outras abordagens necessdrias para a cadeia da restauragao, como
a necessidade de investimento em viveiros, capacitagdo da mao de obra local, etc., ja evidenciados por
outros estudos (SALOMAO, 2019).

Todavia é necessdrio destacar que nao houve a validagdo desses resultados em campo, porém alguns
indicativos podem nos dizer sobre a coeréncia dos resultados. Um dos critérios considerados na andlise
como facilitador da restauragao foi a proximidade da vegetagdo nativa e o uso do solo. No ambito da
paisagem, a conectividade com fragmentos florestais pode propiciar o fluxo génico e acelerar o processo
de restauracdo (NUNES et al., 2017). Esse ponto acaba por explicar a concentracdo das atividades no
entorno do Perd, que é uma Unidade de Conservagao estadual.

Outra questdo é quanto a proximidade da malha vidria. O acesso no entorno do Parque, pela LMG-
760, é limitado. A rodovia mais préxima teve um processo de licenciamento ambiental conturbado e
somente noano de 2018 retomou o processo de pavimentacdo. E um terceiro ponto seria a caracteristica
pedoldgica da regido, o latossolo amarelo é a classificagdo dominante. Esses solos sdo profundos e bem
estruturados, sendo atrativos para o plantio de espécies nativas, porém pobres em nutrientes para
culturas (CONSORCIO ECOPLAN-LUME, 2010).

Além disso, outra questdo necessdria nessa validacdo in loco é a participacdo popular. Esse controle
social é determinante para que de fato se atinja a restauracdo. Se o proprietario rural ndo se sentir
parte do processo, muito dificilmente no médio e longo prazo se terd sucesso. Por essa razdo, um
processo “bottom up” se faz necessario desde a construcao de politicas publicas, como o Programa de
Regularizagdo Ambiental — PRA, conforme visto em Salomao (2019).

4 CONCLUSOES

Como préximos passos da pesquisa realizada, indica-se o desenvolvimento de alguns cendrios que
podem influenciar inclusive as politicas publicas. O primeiro cendrio a ser tracado tem como objetivo,
segundo Soares Filho et al. (2016), verificar qual a porcentagem de areas prioritarias para restauragdo
encontra-se em dreas em débito de acordo com o Cddigo Florestal e estabelecer uma hierarquizagdo
municipal. Para isso, serdo resgatados os mapas dos citados autores e estabelecida uma analise de
guais municipios estdo com maior débito e como isso pode ser em parte solucionado pelo modelo. Para
o segundo cendrio, serd realizada uma avaliacdo da extensdo das areas prioritarias para restauracdo
passiva e contrastar com qual extensao esta prevista em instrumentos para recuperac¢do da Bacia do Rio
Piranga. Como instrumento, cita-se o Plano Diretor de Bacias e também o Programa de Recuperacao
de APPs estabelecido no Termo de Transa¢do de Ajustamento de Conduta — TTAC firmado entre entes
publicos e privados devido as consequéncias do Rompimento da Barragem de Fundao.
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ABSTRACT

Geotechnologies are a set of technologies geared towards collection, processing, analysis and
availability of information with geographic reference. Therefore, the objective of this research is to
demonstrate through the spatial analysis the environmental characteristics of an enterprise located in
the municipality of Currais — Pl, object of the environmental licensing procedure of the state competent
body, usingthetools of geotechnologies. The methodology consistedin using the GeographicInformation
System Quantum GIS (QGIS) for the creation and processing of the geographic database. Through the
generation of thematic maps, it was possible to conclude that the uses of geotechnologies aid in the
control and environmental monitoring, in which, it facilitates the visualization and characterization
of several environmental features in the environmental licensing procedure. It was also possible to
identify the areas that deserve greater attention from the environmental agency due to some damage
to the environment, as well as, it assists in environmental inspection and current legislation.

Environmental Licensing. Geotechnology. Geographic Information System.

RESUMO

As geotecnologias sdo um conjunto de tecnologias voltadas para coleta, processamento, andlise e
disponibilizagdo da informacGo com referéncia geogrdfica. Diante disso, o objetivo dessa pesquisa
é demonstrar por meio das andlises espaciais as caracteristicas ambientais de um empreendimento
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localizado no municipio de Currais — PI, objeto do procedimento de licenciamento ambiental do drgdo
competente estadual, utilizando as ferramentas das geotecnologias. A metodologia consistiu na utilizagdo
do Sistema de Informagdes Geogrdficas Quantum GIS (QGIS) para a criagdo e tratamento do banco de
dados geogrdfico. Por meio da geracdo de mapas temdticos, foi possivel concluir que as utilizagdes
das geotecnologias auxiliam no controle e monitoramento ambiental, no qual facilita a visualiza¢Go e
caracterizagdo de diversas feicdes ambientais no procedimento de licenciamento ambiental. Também foi
possivel identificar as dreas que merecem uma maior atengdo do érgdo ambiental em virtude de algum
dano ao meio ambiente, bem como auxilia na fiscalizagdo ambiental e legislagdo vigente.

Palavras-chave: Licenciamento Ambiental. Geotecnologias. Sistema de Informagées Geogrdficas.

1 INTRODUCTION

Landscapes are continually altered by human interference on the natural environment, and knowledge
of the processes that occurred in the past is essential to understand the changes. The observation on
land use is relevant due to the necessity to ensure sustainability facing the environmental, social, and
economic issues related to it and taken to emerge in the debate on sustainable development. (LIRA;
SOUTO; DUARTE, 2019).

The earth’s surface is the place of different situations in terms of occupation, these come from the needs
of society’s production and reproduction, being modified in an abundant and fast way (LEITE et al., 2018).
For meeting society’s demands, vegetation is suppressed, triggered by the use of agricultural land, and if
this transformation is not managed, it harms the natural conditions of the environment (PEREIRA, 2014).

In this sense, designing analyzes of the environment helps in its manipulation, enabling management and
environmental planning of functionalities by the public administration as for those that come effectively from
the environment (ALBUQUERQUE; SOUSA, 2019). In order to provide the management of natural resources
in a sustainable manner conciliated with economic development, there is an Environmental Licensing as
an instrument of inspection and control, which was established by Law No. 6,938, of August 31, 1981 (vide
BRASIL, 1981) of the National Environment Policy to ensure efficient and controlled management.

Environmental licensing, discussed by Feitosa et al. (2004), is the administrative procedure whereby
the competent environmental agency licenses the location, installation, expansion, and operation of
companies and activities that use environmental resources considered effective or potentially polluting,
or of those that, in whichever form, may cause environmental degradation, considering the legal and
regulatory provisions and technical standards applicable to the case. The Government, exercising its
control prerogatives, will dispatch the following licenses: Preliminary License (PL), Installation License
(IL), and Operation License (OL) (CONAMA, 1997).

A preliminary license is granted in the initial planning phase of the enterprise, or activity, approving
its location and conception, attesting the environmental feasibility, and establishing the basic
requirements and conditions to be fulfilled in the next stages of its implementation (CONAMA, 1997).
As a considerable aid to this stage, geotechnologies are diagnostic procedures for areas highlighting
their respective uses, since they intend to characterize the enterprise spatially, ensuring support for the
granting of the environmental license provided by the inspection agency.

Geotechnologies are characterized by equipment and methods of mathematical and computational
processing. It has as principal purposes the treatment and analysis of geographic data, allowing for
more specific and precise responses. Increasingly the use of geotechnologies has contributed to
environmental analysis and characterization. Its utilization provides to user knowledge concerning
past and current situations, besides enabling the simulation of future scenarios. Some tools widely
utilized in geotechnology are Geographic Information Systems (GIS), remote sensing, and GPS (Global
Positioning System) (MENDES, 2019).
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GIS is a computer-assisted system that can insert, analyze, and display geographically referenced
information useful for environmental management (SUBRAMANI; VENKATACHALA; PRIYANKA, 2017).
One of the most important roots of GIS is the automated cartographic workflows, with the additional
objective of integrating and analyzing geospatial information (JONES, 2013).

According to Mendonga et al. (2011, p. 9), Remote Sensing is a science used to detect objects without
direct contact with them. The physical properties of the interaction of electromagnetic energy make it
possible to characterize such objects. This thematic plurality towards which the use of Geotechnologies
has converged comes from different theoretical and methodological matrices, especially the integrative
approaches that seek to analyze the Society-Nature relationship (SILVA; ROCHA; AQUINO, 2017).

The main intention of using geotechnologies in environmental monitoring is to contribute efficiently
so that production in the licensed area occurs sustainably. Thus, the use of these tools has
fundamental importance for the processing and generation of information in reports and maps, aside
from being suitable for providing and synthesizing information for the environmental study (SOBRAL
et al., 2017). These mappings influence the speed of inspection and, consequently, compliance with
relevant laws (LUPPI et al., 2015).

Mapping, which is used within Geoprocessing techniques (Rocha, 2000, Fitz, 2008), is an effective way
of analyzing and visualizing data. Conceived of Kerski (2015) as one of the five converging global trends
within geographic research, Geotechnologies have found extensive application, granting to map and
analyze a large variety of phenomena, with unprecedented speed and precision. This may also be
found in Fitz (2008) and Medeiros (2011).

Based on the previously mentioned, this study aimed to present, through a case study of rural property,
in the state of Piaui, how the geotechnologies would help the public environmental manager on the
characterization and monitoring of the enterprise that desires to apply for the environmental license.

2 MATERIALS AND METHODS

In order to carry out this work, an enterprise from the State of Piaui was used to exemplify the study,
which required a Preliminary License (PL) of the establishment from the environmental agency.
Data necessary for the analysis of the project and its environmental characteristics to conclude the
record have been obtained by the Geoprocessing sector belonging to the Land and Environmental
Geotechnology Center (Portuguese acronym, CGEO) of the Secretariat for the Environment and Water
Resources of the State of Piaui (Portuguese acronym, SEMAR/PI), which has a data bank containing
information on hydrography, biome, vegetation, and other items that provide a spatial visualization of
the property, facilitating the making of some decisions by the auditors and environmental managers.

In this research, the free version of QUANTUM GIS (QGIS) 2.14 software was used to create the
geographic database. In which the files of the property were inserted in the shapefile format with the
following features: property area, PPA (permanent protection area), legal reserve and intervention
area, all in the SIRGAS 2000 projection system and with the UTM (Universal Transverse Mercator) as a
function of property location (23 or 24).

Posteriorly, data processing was carried out integrating the spatial information from the archives
of SEMAR/PI and other official sources such as the Brazilian Institute of Geography and Statistics
(Portuguese acronym, IBGE), National Water Agency of Brazil (Portuguese acronym, ANA), and the
National Rural Environmental Registry System of Brazil (Portuguese acronym, SICAR). After the spatial
analysis, it is possible to overlay the georeferenced information of the property area with the official
available databases and satellite images.
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The free satellite image used was that of the SENTINEL-2A satellite, acquired on 24 June 2017, with a
spatial resolution of 10 meters, scene T23 LNL available on the website https://earthexplorer.usgs.gov/.
For the classification of the true image, the bands 4,3,2 RGB Red (red) Green (green) Blue (blue) were
used in the QGIS software. For analyzing an environmental licensing process, the following activities
are usually carried out, which vary from case to case:

download satellite images,

treatment and classification of downloaded images;

overlapping of the process files with the CGEO base;

pre-analysis of the rural environmental registry (RER) of the property, etc.

For issuing the technical report on Geoprocessing, the Microsoft Office Word text editor and the
Microsoft Office Excel spreadsheet editor were used, both present in the Microsoft Office 2003 package.

The digital cartographic bases used were acquired from IBGE, ANA, Chico Mendes Institute for
Biodiversity Conservation (ICMBIO), Ministry of the Environment (MMA), and SICAR in shapefile

format, where elements such as those shown in the table below are selected.

Table 1 | Bases used in the construction of the SEMAR/PI technical report on Geoprocessing.

Digital Archive (A) Reference Document (B) | Difference CAR
FEATURE
ha % ha % ha ha
a) TOTAL AREA 67,112.33
b) PPA 1,278.85
c) LEGAL RESERVE 2,1080.17
d) AREA FOR DEFORESTATION
e) DEFORESTED AREA
) |
g) CONSOLIDATED AREA 46,031.44
TOTAL 0,00 0% 0,00 0% 0,00

Source: Centro de Geotecnologia Fundidria e Ambiental do Piaui (2018).

In addition to the digital files, the entrepreneur must present, at the beginning of the environmental
licensing process, the Georeferenced Property Plant, and the RER receipt for the property. By this
information, a spreadsheet is created comparing the values of the enterprise’s features in the three
files: Digital media in shapefile format, Georeferenced property plan, and what was declared in SICAR,
according to the model in the table below.
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Table 2 | Area chart used in the construction of SEMAR/PI Geoprocessing technical report.

LAYER SOURCE
COUNTY IBGE 2018
WATERCOURSE ANA 2017
PROPERTY SICAR 2018

Legal Reserve

Property area

Intervention area

Permanent protection area (PPA)
IMAGEM SENTINEL 2017 USGS/JUN. of 2017

Source: Piaui Land and Environmental Geotechnology Center (2018).

The area calculation was done in the Quantum GIS software, and the opinion was filled out by analyzing
this documentation and files presented.
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Figure 1 | Location Map of Brazil highlighting the state of Piaui and the municipality of Currais.
Source: Oliveira (2018).

3 RESULTS AND DISCUSSIONS

The maps generation of the environmental characteristics of the rural property by geotechnologies
showed, above all, the study area has its legal reserve fragmented into three distinct parts within the
property, which does not represent an ecological corridor, and also, the existence of occupations in
the east portion of the legal reserve area of the enterprise was verified, as well as possible Permanent
Preservation Areas (PPA’s) not declared by the owner. Such observations were made possible based
on the spatial analysis tools that provide substantial subsidies to environmental planning, from the
perspective of mitigating the intense process of use and occupation in areas of recognized fragility and
environmental vulnerability (SILVA; ROCHA; AQUINO, 2017).

According to Piaui State Law No. 6,947 of 01/09/2017 (Piaui, 2017), which deals with the criteria and
regulations of State environmental licensing, in the licensing stage, an analysis of the Geoprocessing
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sector is held. Thus, it is established the approval of the intended area for enterprise implementation
based on spatial analysis using geotechnologies and respecting legal and environmental restrictions.

The results generated in the Geoprocessing report are obtained with the data of the property overlaid
with other official bases of the sector (water resources, biomes, among others). Thus, it possible to
get an expanded and grounded view of the situation from the integration of different georeferenced
parameters. Based on the use of these methodologies, it could be developed an available database;
elaboration of diagnoses; in addition to contributing to the planning and orientation of public policies
and environmental actions in the regions, among others (MENDES,2019).

In this case study, environmental licensing in the State of Piaui follows an analysis flowchart and criteria
according to a database containing the geospatial information of the property with all its attributes.
Through geographic database verification, at QGIS, they made it possible to identify whether the data
declared by the entrepreneur were in accordance with the official bases of SEMAR/PI. Furthermore,
it was possible to easily visualize the spatial distribution of the legal reserve corridor proposed by the
developer compared to neighboring properties using the SICAR base. It was also possible to verify if all
the PPA’s of the enterprise were declared.

Through the spatial visualization of the real estate information on the maps, SEMAR/PI environmental
auditors and managers, when issuing an environmental license, the agility, and efficiency in technical
reports become more agile. The results obtained show the state of preservation of the legal reserve
and PPA of rivers and streams.

According to the routine of data verification and information to be compiled during the spatial analysis
at QGIS, thematic maps are generated on the environmental characteristics of rural properties, with a
certain level of details, enabling a more reliable and efficient environmental assessment.

Figure 2 presents the general view of the project according to what has been informed by the owner.
Therefore, it is possible to see that the property’s legal reserve is fragmented into three areas and that
the sum of them corresponds to the minimum percentage required for the biome relative to the property.
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Figure 2 | Thematic map representing the features of the property under study.
Source: Ferreira (2018).
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Figure 3 shows the satellite image SENTINEL 2A with the features of the area under study. Through the
images, it is seen to verify possible occupations in the legal reserve area of the eastern portion of the
project, as well as to verify possible areas of PPA. LRs (Legal Reserves) have as the main function to ensure
the differentiated ecological role in the distinct Brazilian biomes and also have an important role in the
water infiltration into the soil, as this process favors the recharge of the aquifer (PEREIRA, et al, 2017).
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Figure 3 | Thematic map of the property’s features and the satellite image SENTINEL 2A (06/24/2017).
Source: Ferreira (2018).

In figure 4, through the satellite images, it is verified possible occupations in the legal reserve and PPA
area of the enterprise under study, which is not allowed according to the law. The detail level with the
monitoring of on-site inspection points favors environmental inspection and monitoring.
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Figure 4 | Occupations in the areas of PPA and Legal Reserve of the property.
Source: Ferreira (2018).
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In figure 5, it is possible to identify the properties registered in the SICAR base (Oct/2018) that are in overlap
with the studied legal reserve area. In this sense, geotechnologies play a significant role in aggregating
diverse and multiple data from various platforms, generating information with clarity and integration.
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Figure 5 | Properties registered with SICAR in overlap with the Legal Reserve.
Source: Ferreira (2018).

In figure 6, it is possible to verify that all PPA’s were declared by the owner in SICAR, by overlapping with the
official watercourse base of ANA 2017. Environmental auditors also do the verification on the field, however,
due to the large area, this is sometimes impossible. And through geotechnologies, this verification may be
conducted in an agile, fast, and efficient way. PPA’s are essential for the prevention of negative anthropic
impacts on water resources and erosion dynamics. In this sense, it is essential to characterize the riverside
forest structure in order to a better understanding of its functions, as suggested by Pereira et al. (2017).
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Figure 6 | Watercourses, ANA 2017.
Source: Ferreira (2018).
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Given all the mapping of the case under study, geotechnologies applied to environmental licensing
help to reduce costs, considering that several analyzes of the property may be performed through
satellite images and data integration, thus generating more accessibility information and data accuracy.

4 FINAL CONSIDERATIONS

This study has been provided the identification of areas susceptible to the process of environmental
degradation associated with human activities through geotechnologies, as they deserve greater
attention from the environmental agency, as well as assisting in environmental inspection and
compliance with current legislation. The characterization of the rural property by this methodology
facilitates the control and monitoring of preserved areas with vegetation linked to the substitution by
economic activities without the proper environmental license.

The georeferenced data in the GIS environment facilitate the storage, manipulation, consultation,
evaluation, spatial view, and analysis of the mapped information. At SEMAR/PI, the GIS is used in the
daily environmental licensing, being useful mainly in environmental monitoring, enabling quality in the
analysis, as well as a broad spatial view of the territory, which makes it essential for the inspection and
preservation of environmental resources.

Given this, the GIS tool becomes essential in the analysis of projects, besides serving as a basis for
strengthening the inspection of already consolidated projects, observing that they continue to obey
the standards of the legislation. It is worth mentioning that in addition to the employment of open
programs, such as QGIS and GVSIG, the use of these tools can be associated with the use of flight
execution technologies with unmanned aerial vehicle (UAV), such as those with fixed-wing (large and
medium properties), or drones (small and medium properties).

In this sense, geotechnologies become an important tool to be used in environmental studies since
these techniques set has allowed to quickly and effectively identify the environmental status of the
spatial elements of a given territory. Thus, it makes it possible to carry out the integration of the spatial
elements from different sources, to determine the sustainable use of the land, and to ensure more
efficiency and reliability in the decision making of the public environmental manager.
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RESUMO

As geotecnologias sdo um conjunto de tecnologias voltadas para coleta, processamento, andlise e
disponibilizacdo da informacdo com referéncia geografica. Diante disso, o objetivo dessa pesquisa é
demonstrar por meio das analises espaciais as caracteristicas ambientais de um empreendimento
localizado no municipio de Currais — PI, objeto do procedimento de licenciamento ambiental do érgao
competente estadual, utilizando as ferramentas das geotecnologias. A metodologia consistiu na utilizagdo
do Sistema de Informagdes Geograficas Quantum GIS (QGIS) para a cria¢do e tratamento do banco
de dados geografico. Por meio da geragdo de mapas tematicos, foi possivel concluir que as utilizagdes
das geotecnologias auxiliam no controle e monitoramento ambiental, no qual facilita a visualizacdo e
caracterizacdo de diversas feices ambientais no procedimento de licenciamento ambiental. Também foi
possivel identificar as areas que merecem uma maior atencdo do drgdo ambiental em virtude de algum
dano ao meio ambiente, bem como auxilia na fiscalizagdo ambiental e legislagdo vigente.

Licenciamento Ambiental. Geotecnologias. Sistema de InformacgGes Geogréficas.

ABSTRACT
Geotechnologies are a set of technologies geared towards collection, processing, analysis and
availability of information with geographic reference. Therefore, the objective of this research is to
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demonstrate through the spatial analysis the environmental characteristics of an enterprise located in
the municipality of Currais — Pl, object of the environmental licensing procedure of the state competent
body, using the tools of geotechnologies. The methodology consisted in using the Geographic Information
System Quantum GIS (QGIS) for the creation and processing of the geographic database. Through the
generation of thematic maps, it was possible to conclude that the uses of geotechnologies aid in the
control and environmental monitoring, in which, it facilitates the visualization and characterization of
several environmental features in the environmental licensing procedure. It was also possible to identify
the areas that deserve greater attention from the environmental agency due to some damage to the
environment, as well as, it assists in environmental inspection and current legislation.

Keywords: Environmental Licensing. Geotechnology. Geographic Information System.

1 INTRODUCAO

As paisagens sao alteradas continuamente pelas interferéncias do homem no meio natural, e o
conhecimento dos processos que aconteceram no passado é importante para entender as modificacdes.
A observagdo sobre o uso da terra é relevante pela necessidade de garantir a sustentabilidade diante
das questbes ambientais, sociais e econdmicas a ele relacionadas, e levadas a emergir no debate sobre
desenvolvimento sustentavel (LIRA; SOUTO; DUARTE, 2019).

A superficie terrestre é lugar de diferentes conjunturas no que diz respeito a sua ocupacao, sendo
provenientes das necessidades da producdo e reproducdo da sociedade e modificadas de maneira
abundante e veloz (LEITE et al., 2018). Para suprir as demandas da sociedade, ocorre supressdo da
vegetacdo, desencadeada pela utilizacdo de terras agricultdveis, e se essa transformagdo ndo for
gerenciada, prejudica as condi¢Ges naturais do ambiente (PEREIRA, 2014).

Nesse contexto, conceber andlises do ambiente auxilia indubitavelmente na manipulagdo deste,
possibilitando o gerenciamento e o planejamento ambiental de funcionalidades por parte da gestao
publica, assim como por aqueles que se proveem efetivamente do ambiente (ALBUQUERQUE; SOUSA,
2019). Com o intuito de prover a gestdo dos recursos naturais de forma sustentavel, conciliada ao
desenvolvimento econ6mico, tem-se o licenciamento ambiental como instrumento de fiscalizacdo e
controle, que foi estabelecido pela Lei n2 6.938, de 31 de agosto de 1981 (BRASIL, 1981), da Politica
Nacional do Meio Ambiente para garantir a gestdo eficiente e controlada.

O licenciamento ambiental, abordado em Feitosa et al. (2004), é o procedimento administrativo
pelo qual o drgao ambiental competente licencia a localizagdo, instalacdo, ampliacdo e a operagao
de empreendimentos e atividades utilizadores de recursos ambientais, considerados efetivos ou
potencialmente poluidores ou daqueles que, sob qualquer forma, possam causar degradacao
ambiental, considerando as disposicGes legais e regulamentares e as normas técnicas aplicdveis ao
caso. O Poder Publico, no exercicio de sua competéncia de controle, expedira as seguintes licengas:
Licenga Prévia (LP), Licenga de Instalagdo (LI) e Licenca de Operagao (LO) (CONAMA, 1997).

A licenca prévia é concedida na fase preliminar do planejamento do empreendimento ou atividade
aprovando sua localizacdo e concepcao, atestando a viabilidade ambiental e estabelecendo os requisitos
basicos e condicionantes a serem atendidos nas proximas fases de sua implementagdo (CONAMA,
1997). Como vultuoso auxilio a essa etapa, as geotecnologias sdo procedimentos de diagndstico de
areas ressaltando seus respectivos usos, pois visam caracterizar espacialmente o empreendimento
garantindo o apoio a concessdo da licenca ambiental fornecida pelo 6rgao fiscalizador.

As geotecnologias se caracterizam por equipamentos e métodos de processamento matematico e
computacional. Apresentam como objetivos principais o tratamento e a analise dos dados geograficos,
permitindo dar respostas mais especificas e precisas. Cada vez mais o uso das geotecnologias tem contribuido
para a analise e caracterizagdo ambiental. Sua utilizagdo proporciona aos usudrios conhecimento de

ISSN-e 2179-9067 Sustainability in Debate



situacOes passadas e atuais, além de permitir a simulagdo de cendrios futuros. Algumas ferramentas muito
utilizadas na geotecnologia sdo os Sistemas de Informag¢des Geograficas (SIGs), o sensoriamento remoto e o
GPS (Global Positioning System — Sistema de Posicionamento Global) (MENDES, 2019).

O SIG é um sistema assistido por computador que pode inserir, analisar e exibir informacdes
geograficamente referenciadas Uteis para o gerenciamento ambiental (SUBRAMANI; VENKATACHALA,;
PRIYANKA, 2017). Uma das raizes mais importantes do SIG é a automacdo de fluxos de trabalho
cartogréficos, com o objetivo adicional de integrar e analisar informacdes geoespaciais (JONES, 2013).

De acordo com Mendonga et al. (2011, p. 9), o sensoriamento remoto é uma ciéncia utilizada para a detec¢édo
de objetos sem contato direto com eles. As propriedades fisicas da interacdo da energia eletromagnética
possibilitam caracterizar tais objetos. Essa pluralidade tematica para a qual o uso das geotecnologias tem
convergido advém de diferentes matrizes tedrico-metodoldgicas, mormente as abordagens integrativas que
procuram analisar a relacdo Sociedade-Natureza (SILVA; ROCHA; AQUINO, 2017).

A proposta principal da utilizagdo das geotecnologias no monitoramento ambiental é contribuir de
forma eficiente para que a producdo na area licenciada ocorra de forma sustentavel. Assim, a utilizacdo
dessas ferramentas é de fundamental importancia para o processamento e a gerag¢ao de informacgdes
em relatdérios e mapas, além de serem importantes para fornecer e sintetizar informacgdes para o
estudo ambiental (SOBRAL et al., 2017). Esses mapeamentos influenciam a agilidade para fiscalizacdo
e, consequentemente, para o cumprimento de leis pertinentes (LUPPI et al., 2015).

O mapeamento, que é empregado dentro das técnicas de geoprocessamento (FITZ, 2008; ROCHA, 2000),
é uma forma eficaz de analise e visualizacdo de dados. Concebidas por Kerski (2015) como uma das
cinco tendéncias globais convergentes no seio da pesquisa geografica, as geotecnologias tém encontrado
larga utilizacdo permitindo mapear e analisar uma grande variedade de fenébmenos, com uma rapidez e
precisdo sem precedentes. Isso pode ser constatado também em Fitz (2008) e Medeiros (2011).

Nesse sentido, considerando toda a base tedrica anteriormente apresentada, tem-se que o objetivo
deste trabalho contempla: apresentar como as geotecnologias podem auxiliar o gestor publico
ambiental na caracterizacdo e monitoramento do empreendimento que deseja requerer a licenca
ambiental por meio de um estudo de caso de um imével rural no estado do Piaui.

2 MATERIAIS E METODOS

Para a realizacdo deste trabalho foi utilizado para exemplificacdo do estudo um empreendimento
no estado do Piaui que requereu ao 6rgdo ambiental a licenca prévia do estabelecimento. Para
a anadlise do empreendimento e suas caracteristicas ambientais para conclusdo do parecer, o setor
de Geoprocessamento, pertencente ao Centro de Geotecnologia Fundiaria e Ambiental (CGEO) da
Secretaria do Meio Ambiente e de Recursos Hidricos do Estado do Piaui (Semar/Pl), conta com um
banco de dados contendo informagdes de hidrografia, bioma, vegetacdo e outros itens que propiciam
uma visualizacdo espacial do imével, facilitando a tomada de algumas decisGes por parte dos auditores
e gestores ambientais.

Nesta pesquisa foi utilizado o software gratuito QUANTUM GIS (QGIS) 2.14 para a criagdo do banco de
dados geografico. Neste foram inseridos os arquivos do imével no formato shapefile com as seguintes
feicBes: area do imdvel, Area de Proteciio Permanente (APP), Reserva Legal (RL) e drea de intervencio,
todas no sistema de projecdao SIRGAS 2000 e com o fuso UTM (Universal Transverso de Mercator) em
funcdo da localizacdo do imdvel (23 ou 24).

Posteriormente, foi realizado um tratamento dos dados integrando as informacdes espaciais dos
arquivos da Semar/PI e de outras fontes oficiais como do Instituto Brasileiro de Geografia e Estatistica
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(IBGE), Agéncia Nacional de Aguas (ANA) e Sistema Nacional de Cadastro Ambiental Rural (Sicar). Logo
apods a analise espacial, é possivel sobrepor as informacgdes georreferenciadas da drea do imdvel com
as bases de dados disponiveis oficiais e as imagens de satélite.
Aimagem de satélite gratuita utilizada foi a do satélite Sentinel 2A, do dia 24 de junho de 2017, resolugdo
espacial de 10 metros, cena T23 LNL disponibilizado no site da Internet https://earthexplorer.usgs.
gov/. Para a classificacdo da imagem verdadeira, foram utilizadas as bandas 4,3,2 RGB Red (vermelho),
Green (verde) e Blue (azul) no software QGIS.
Para analisar um processo de licenciamento ambiental, geralmente s3do realizadas as seguintes
atividades, que variam caso a caso:

download de imagens de satélite;

tratamento e classificacdo das imagens baixadas;

sobreposicdo dos arquivos do processo com a base do CGEO;

Pré-analise do Cadastro Ambiental Rural (CAR) do imdvel etc.

Para emissdo do parecer técnico de geoprocessamento, foi usado o editor de textos Microsoft Office Word
e o editor de planilhas eletronicas Microsoft Office Excel, ambos presentes no pacote Microsoft Office 2003.

As bases cartograficas digitais utilizadas foram adquiridas no IBGE, ANA, Instituto Chico Mendes de
Conservacdo da Biodiversidade (ICMBIO), Ministério do Meio Ambiente (MMA) e Sicar, em formato

shapefile, onde foram selecionados elementos tais como os demonstrados na tabela abaixo.

Tabela 1 | Bases de referéncia utilizadas na construcdo do parecer técnico de geoprocessamento da Semar, PI.

CAMADA FONTE
MUNICIPIO IBGE 2018
CURSO D’AGUA ANA 2017
IMOVEL SICAR 2018

Reserva Legal

Area do imével

Area de intervengdo
APP
IMAGEM SENTINEL 2017 USGS/JUN. of 2017

Fonte: Centro de Geotecnologia Fundidria e Ambiental do Piaui (2018).

Além dos arquivos digitais, o empreendedor deve apresentar no inicio do processo de licenciamento
ambiental a Planta do imdvel georreferenciada e o recibo do CAR do imédvel. Mediante essas
informacdes, é criada uma planilha comparando os valores das feicdes do empreendimento nos trés
arquivos: Midia digital formato shapefile, Planta do imdvel georreferenciado e do que foi declarado no
Sicar, conforme modelo de tabela abaixo.
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Tabela 2 | Quadro de areas utilizado na construgdo do parecer técnico de geoprocessamento da Semar, Pl

. .. Documento .
Arquivo Digital (A) P Diferenca CAR
~ B
FEICAO de Referéncia® (B)
ha % ha % ha ha
a) AREA TOTAL 67,112.33
b) APP 1,278.85
c) RESERVA LEGAL 2,1080.17
d) AREA PARA DESMATE
e) AREA DESMATADA
REMANESCENTE DE VEG.
f) NATIVA 21,031.17
g) AREA CONSOLIDADA 46,031.44
TOTAL 0,00 0% 0,00 0% 0,00

Fonte: Centro de Geotecnologia Fundidria e Ambiental do Piaui (2018).

O calculo de area é feito no software Quantum GIS e o parecer é preenchido mediante analises dessas
documentacges e arquivos apresentados.

Por meio da visualizagdo do imdvel, sobrepondo com o banco de dados do CGEO, pode ser realizada uma
consulta espacial dentro do proprio ambiente do Sistema de Informagdo Geografica (SIG) e verificacdo para
obter respostas como: O percentual de reserva legal corresponde ao bioma da fazenda? A Area de Preservagio
Permanente (APP) foi delimitada corretamente? As imagens de satélite sdo utilizadas como importante
ferramenta de diagndstico da drea e verificacdo em relagdo ao remanescente de vegetacdo nativa na drea, se a
reserva legal estd preservada, se ja ocorreu algum tipo de supressao vegetal e os cursos de dgua.

Depois das consultas realizadas, sdo confeccionados os mapas tematicos no layout do software QGIS
colocando todos os elementos cartograficos do mapa, tais como: norte geografico, escala grafica, grade
de coordenadas, legenda, etc.

O imovel aplicado neste artigo localiza-se no municipio de Currais, no estado do Piaui. Segue abaixo a
Figura 1 demonstrando a darea.
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Figura 1 | Mapa de localizacdo do Brasil destacando o estado do Piaui e a cidade de Currais.
Fonte: Oliveira (2018).
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3 RESULTADOS E DISCUSSOES

A geracdo de mapas das caracteristicas ambientais do imovel rural pelas geotecnologias evidenciou,
sobretudo, que a area em estudo apresenta sua reserva legal fragmentada em trés porgdes distintas
dentro do imdvel, o que ndo representa um corredor ecolégico, e, também, foi verificada a existéncia
de ocupagdes na porgao leste da drea de reserva legal do empreendimento, bem como possiveis
Areas de Preserva¢do Permanente (APPs) ndo declaradas pelo proprietario. Tais observacdes foram
possiveis tendo como base as ferramentas de analise espacial que fornecem importantes subsidios
ao planejamento ambiental, na perspectiva de mitigar o intenso processo de uso e ocupag¢ao em
areas de reconhecida fragilidade e vulnerabilidade ambiental (SILVA; ROCHA; AQUINO, 2017).

De acordo com a Lei Estadual do Piaui n® 6.947, de 09 de janeiro de 2017 (PIAUI, 2017), que trata dos
critérios e normativas dos licenciamentos ambientais estaduais, tem-se que a etapa de licenciamento
conta com uma analise do setor de Geoprocessamento que estabelece a aprovacao da area pretendida
para implantacdo do empreendimento baseada nas analises espaciais utilizando as geotecnologias e
respeitando as restricdes legais e ambientais.

Os resultados gerados no parecer do geoprocessamento sdo obtidos com os dados do imdvel
sobrepostos a outras bases oficiais do setor (recursos hidricos, biomas, entre outras) gerando
assim uma visdo ampliada e embasada da situacdo a partir da integracdo de diferentes parametros
georreferenciados. Com base na utilizacdao dessas metodologias, podem ser desenvolvidas bases de
dados disponiveis e elaboracdo de diagndsticos, além de contribuir para o planejamento e orientacao
das politicas publicas e das agdes no meio ambiente das regides, entre outros (MENDES, 2019).

No caso em estudo, o licenciamento ambiental no estado do Piaui segue um fluxograma de andlise e
critérios conforme uma base de dados contendo as informacdes geoespaciais do imdével com todos os
seus atributos. Por meio de consultas ao banco de dados geografico no QGIS, foi possivel identificar se
os dados declarados pelo empreendedor estavam de acordo com as bases oficiais da Semar/Pl, bem
como visualizar com mais facilidade a distribui¢cdo espacial do corredor de reserva legal proposto pelo
empreendedor em comparac¢do aos imdveis vizinhos utilizando a base do Sicar. Também foi possivel
verificar se foram declaradas todas as APPs do empreendimento.

Mediante visualizagdo espacial das informag¢des dos imdveis nos mapas, os auditores e gestores
ambientais da Semar/Pl, ao emitirem uma licenca ambiental, tém mais agilidade e eficacia nos
seus laudos técnicos. Os resultados obtidos evidenciam o estado de preservagdo da reserva legal
e APP de rios e/ou riachos.

Conforme rotina de verificacdo dos dados e informagdes a serem compilados durante a analise
espacial no QGIS , tem-se a geracdo de mapas tematicos sobre as caracteristicas ambientais
dos imdveis rurais, com confidvel nivel de detalhes, possibilitando uma melhor e mais eficiente
avaliacdo ambiental.

Na Figura 2 é apresentada a visdo geral do empreendimento segundo o que foi informado pelo
proprietdrio. Assim, é possivel visualizar que a reserva legal do imdvel se encontra fragmentada
em trés dreas, e que a somatdria delas equivale ao percentual minimo exigido para o bioma
correspondente ao imdvel.
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Figura 2 | Mapa tematico representando as fei¢des do imdvel em estudo.

Fonte: Ferreira (2018).
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Na Figura 3 é demonstrada a imagem de satélite Sentinel 2A com as feicdes da area em estudo. Por
meio das imagens, é possivel verificar provaveis ocupacdes na area de reserva legal da porcao leste do
empreendimento, bem como verificar possiveis areas de APP. As RLs tém como principal funcdo garantir
o papel ecoldgico diferenciado em biomas brasileiros distintos e também tém um importante papel na
infiltracdo de agua no solo, pois tal processo favorece a recarga dos aquiferos (PEREIRA et al., 2017).
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Figura 3 | Mapa tematico das feicbes do imdvel e a imagem de satélite Sentinel 2A (24/06/2017).

Fonte: Ferreira (2018).
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Na Figura 4, por meio das imagens de satélite, é possivel verificar possiveis ocupacdes na area de
reserva legal e APP do empreendimento em estudo, as quais ndo sdo permitidas segundo a lei. O nivel
de detalhamento com o acompanhamento dos pontos de vistoria in loco favorece a fiscalizacdo e o
monitoramento ambiental.

540000 550000 555000

Datum: SIRGAS 2000
Projec&o: UTM - Fuso 23S

540000 545000 550000

555000

Figura 4 | Ocupacdes nas areas de APP e reserva legal do imdvel
Fonte: Ferreira (2018).

Na Figura 5 é possivel identificar os imoveis cadastrados na base do Sicar (Out/2018) que se encontram
em sobreposicdo a drea de reserva legal estudada. Nesse sentido, as geotecnologias desempenham
uma significativa importancia por agregar diversos e multiplos dados de varias plataformas, gerando
informacgdes com clareza e integracdo.
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Figura 5 | Imdveis cadastrados no Sicar em sobreposicdo a reserva legal.
Fonte: Ferreira (2018).
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Na Figura 6 é possivel verificar se todas as APPs foram declaradas pelo proprietario no Sicar, mediante
a sobreposicdo com a base oficial de curso de agua da ANA 2017. Os auditores ambientais fazem a
verificagdo em campo também, porém, pela grande extensdo da area, isso é impossibilitado algumas
vezes. Por meio das geotecnologias, pode-se fazer essa verificagdo de forma agil, rapida e eficiente. As
APPs sdo importantes para a prevencdo de impactos antrépicos negativos sobre os recursos hidricos e
a dinamica erosiva. Nesse sentido, é importante caracterizar a estrutura de florestas ribeirinhas para
melhor entendermos suas fungdes, o que é proposto em Pereira et al. (2017).
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Figura 6 | Cursos de agua ANA 2017
Fonte: Ferreira (2018).

Tendo em vista todo o mapeamento do caso em estudo, as geotecnologias aplicadas ao licenciamento
ambiental auxiliam na reducdo de custos, levando em consideragdo que muitas das analises do imével
podem ser feitas por meio das imagens de satélite e da integracao dos dados, gerando assim mais
acessibilidade as informacdes e precisdo dos dados.

4 CONSIDERAGOES FINAIS

Este trabalho proporcionou a identificacdo de areas suscetiveis ao processo de degradacao ambiental
associadas as atividades antrdpicas por meio das geotecnologias, que merecem uma maior atencao
do 6rgdo ambiental, bem como auxilia na fiscalizacdo ambiental e no cumprimento da legislagdo
vigente. A caracterizacdo do imdvel rural por intermédio dessa metodologia facilita o controle e o
monitoramento de areas preservadas com vegetacao ligadas a substituicdo por atividades econ6micas
sem a devida licenca ambiental.

Os dados georreferenciados no ambiente SIG facilitam o armazenamento, manipulacdo, consulta,

avaliagdo, visdo espacial e andlise das informa¢des mapeadas. O uso de SIG neste estudo é utilizado
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no cotidiano do licenciamento ambiental realizado na Semar/Pl, sendo Util principalmente no
monitoramento ambiental, possibilitando qualidade na anélise, bem como visdo espacial ampla do
territdrio, o que torna fundamental para a fiscalizacdo e preservacdo dos recursos ambientais.

Nesse contexto, as geotecnologias proporcionaram visualizar de maneira mais eficaz e ampla a
realidade do empreendimento. Diante disso, essa ferramenta torna-se essencial na andlise de
negdcios, como também servindo de base para o fortalecimento da fiscalizagdo dos empreendimentos
ja consolidados, observando se estes continuam obedecendo aos padrdes da legislacdo. Isso inclui ndo
apenas o emprego de programas abertos e que podem ser utilizados gratuitamente, a exemplo do
QGIS e do GVSIG. Adicionalmente, também podem ser empregadas tecnologias de execuc¢do de voos
com veiculos aéreos ndo tripulados (Vants), tal como os de asa fixa (grandes e médias propriedades) ou
drones (pequenas e médias propriedades).

Nesse sentido, as geotecnologias se tornam um importante instrumento a ser utilizado nos estudos
ambientais, uma vez que esse conjunto de técnicas tem permitido identificar de forma rapida e eficaz o
estado ambiental dos elementos espaciais de determinado territério, propiciando realizar uma integracao
dos elementos espaciais provenientes de diversas fontes, a fim de determinar o uso sustentavel das terras
e garantir mais eficiéncia e confiabilidade na tomada de decisdo do gestor publico ambiental.
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ARTICLE- DOSSIER

ABSTRACT

The study of fire burned areas is very important, since they corroborate with control measures,
prevention and monitoring of fires. Forest fires causes numerous impacts, among them, there is
biodiversity lost and human health prejudice. So, it is a problem of environmental sphere as well as a
social and political sphere. A way of monitoring this is using remote sensing techniques. So the propose
of the present article is to use the Modis product (MCD45A1) to identify and evaluated the burned
areas in metropolitan region of Belo Horizonte, among the years of 2012 to 2016, which is validated
with Landsat-8/0LI sensor data. With the use of Landsat data it is possible to define the size of the
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burned area with greater precision, but requiring technical operational knowledge and specialized
technical staff for both, on the other side, Modis is easier to operate, and have direct application and
higher availability. It was observed that the study area has high burned area occurrences, mainly in
spring and winter. The results found here could be used for future studies to decrease the forest fires
incidence in the region and thus preserve the biodiversity of important biomes present in it.

Forest fires. Landsat. Modis MCD45A1. Environmental Preservation.

RESUMO

Estudos sobre a ocorréncia de queimadas sdo muito importantes, visto que eles corroboram medidas de
controle, prevengdo e monitoramento destas. Incéndios florestais causam vdrios impactos, entre eles perda
da biodiversidade e prejuizo a saude humana, sendo um problema tanto na esfera ambiental quanto social
e politica. Uma forma de monitoramento desses incéndios é a utilizagdo de técnicas de sensoriamento
remoto. Assim, a proposta do presente trabalho foi a utilizagéo de imagens Modis (MCD45A1) para
identificagdo e avaliagdo de dreas queimadas na regiGio metropolitana de Belo Horizonte, entre os anos
de 2012 e 2016, validando-o com dados do sensor Landsat-8/0LI. Com o emprego dos dados Landsat, é
possivel delimitar com melhor precisGo a dimensdo da drea queimada, mas exigindo-se conhecimento
técnico operacional e corpo técnico especializado para tanto. Jd o produto decorrente do Modis, é mais
acessivel e de fdcil utilizagdo, sendo de aplicagdo direta, pois ja informa os focos de incéndio. Observou-
se grande ocorréncia de queimadas na regido de estudo, principalmente na primavera e no inverno. Os
resultados encontrados aqui poderdo ser utilizados em estudos futuros para diminuir a incidéncia de
queimadas na regido e assim preservar a biodiversidade de biomas importantes nela presente.

Palavras-chave: Incéndios Florestais. Landsat/OLIl. Modis MCD45A1. Preservacdo Ambiental.

1 INTRODUCTION

The occurrences of wildfire in vegetation represent serious concerns related to the environment, as they
devastate large proportions of forests, fields and agricultural regions, causing changes in the environment.
Guimardes etal. (2014) proffer the main impacts of wildfires as the following: soil warming, erosion, reduction
of soil nutrients, reduction of organic matter content, soil acidity, alteration of local microclimate, reduction
of water quality, animal mortality, wood weakening, cleaning of underwood, impacts on agricultural crops,
interference in plant succession, reduction of microorganism activity and pasture renewal, disturbance to
the surrounding population, landscape impacts and destruction of recreational areas. Ichoku and Kaufman
(2005) state that wildfires cause impacts on the albedo, changes in the radiative balance of the atmosphere,
changes in biogeochemical and hydrological cycles, in addition to greenhouse gases release into the
atmosphere. In addition, wildfire occurrences are widely associated with the climate, vegetation conditions
and especially human activities (Santos, Soares and Batista, 2006). It is also worth highlighting the approach
to the subject in Louzada-Silva and Carneiro (2014) and Lima and Nasuti (2017), among others.

When a natural environment is destroyed, many plant and animal species are lost if not properly
studied, which amounts to a great loss for science and humanity. Therefore, protecting and defending
biodiversity becomes vital. A citable example of biodiversity loss is the Brazilian savanna known as
Cerrado, where approximately 40 to 50% of the soil has been transformed into agriculture use in the
last 50 years. This biome represents 23% of Brazil’s land coverage being one of the most important
biodiversity conservation hotspots. Another Biome heavily affected is the Atlantic Forest, which
comprises 7% of the remaining original forests (GIUSTINA, SILVA and MARTINS, 2018).

The burning process in Brazil is growing and intensifies mainly in the driest periods of the year, and can
be divided between natural and anthropic hotspots. The subject is also dealt with in detail in Louzada-
Silva and Carneiro (2014) and Lima and Nasuti (2017). As for anthropic processes these are usually
linked to the clearing of areas for agricultural and livestock expansion, in addition to being a form of
management in some crops such as sugarcane (FERNANDES et al., 2016).
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Among the groups of causes of wildfires classified by FAO (Food and Agriculture Organization of
the United Nations), are mostly anthropic factors including: wildfires breakout for reasons such as
retaliation, revenge, land tenure disputes, urbanization and mental incapacity, among others; burning
for clearing areas for agricultural purposes; smokers, due to negligence in throwing cigarette butts
or lit match; forest operations and recreation (Juvanhol, 2014). It is noteworthy that it is possible to
develop automated systems for monitoring and preventing disasters, as applicable to the landslide
area, as cited by Saito, Lima and Dias (2019). However, it is also worth mentioning, researches focused
on the area of fire prevention, presented in Ribeiro et al (2008), Ribeiro (2009), Prudente (2010), Zhang
et al (2011), Oliveira and Nero (2012, 2013), Oliveira (2013), Oliveira et al (2017), Fernandes (2019),
Fernandes et al (2018a, 2018b, 2019).

In addition to the impacts of biodiversity loss, wildfires pose a major risk to human health, as they
emit tiny particulate matter that damages the respiratory system. These particles are deposited in the
terminal bronchi and in the alveoli, aggravating respiratory problems. Thus, municipalities located near
the burned areas have increasingly recorded public health problems. Thus, it is estimated that in the
next 20 years air pollution will be responsible for about 156,000 deaths, 4 million cases of asthma and
300,000 children health related problems consulting (CASTRO et al., 2016)

Considering all that has been discussed here, it can be said that the problem of burning involves both
social issues, such as public health issues, and environmental issues related to biodiversity losses.
Therefore, in taking measures to prevent and controlling this phenomenon, it is necessary first to study
and understand it. Hereby, awareness of the highest place of occurrence, frequency of events, times
of the year, among others, are of vital importance. From this data it becomes possible to identify the
causes and the best ways to control and prevent wildfires. Thus, it is important to have a quick and
efficient way of detecting forest fires, to improve the control, and monitor burned areas, obtain cost
reductions in combat operations, allow damage mitigation and estimate the impacts caused in the
region. Detection can be carried out in different ways, such as through: surveillance posts, observation
towers, aerial patrolling and monitoring through satellite images (BATISTA, 2013).

Remote sensing techniques stands out as a good solution when the objective is to map wildfires in
areas with difficult access, such as conservation units and rural areas. Since there are no monitoring
in these areas and the registration is done only through denouncements. Remote sensing consists in
obtaining information from an object or target, without physical contact with it, and the information
obtained using electromagnetic radiation reflected and/or emitted by the targets (ROSA, 2011).
In addition, remote sensing allows the identification of thematic classes on the earth’s surface, as
well as the area of occurrence, exploring the classes of land use. Additionally, due to its temporal
domain, it also identifies changes in objects on the surface, very important mainly for planning and
environment monitoring. With the integration of its spectral and spatial characteristics it is possible to
extract information regarding the product from a single date or a few dates. As an example, we have
the Normalized Difference Vegetation Index (NDVI), where, through the use of reflectance in the red
band and near infrared band ranges, information is provided on the amount of photosynthetically
active green biomass of vegetation (PEREIRA FILHO, 2014). Thus, remote sensing techniques can
be used for wildfire occurrence awareness, as well as in the quantification of the area and biomass
affected by the wildfire (FRANCA and FERREIRA, 2005).

In terms of environment, it is noteworthy mentioning several works that apply remote sensing, such as:
1) that performed by Barbalho et al (2019) with the use of ‘Rapideye images’ together with geoprocessing
techniques; 2) the use of ArcGIS (Geographic Information Systems processing program, GIS) with the use
of Google Earth images, as described in Viera et al (2018); 3) research with the application of GIS and
temporal analysis of environmental devastation studies, reported in Guistina et al (2018).

Three sources of radiation are involved in the detection of wildfires by remote sensing: the emission

of the fire itself, as combustion substances, the emission and reflection of the hotspots area, and the
reflection of other sources, such as exposed soil. The use of surface changes between vegetation and
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exposed soil is one of the most used ways to detect burned areas, as an example, we have the use of
satellite images from the LANDSAT and SPOT systems, are immensely potential for this purpose, owing to
their minute spatial resolution in relation to other sensors (Franca and Ferreira, 2005). Another form of
detection is that used by Resende et al. (2017), who have used the Linear Spectral Mixing Model (LSMM)
(Shimabukuro and Smith, 1991) from Moderate Resolution Imaging Spectroradiometer (MODIS) sensor
images to identify the burned area in the Northeast portion of the Cerrado within the years 2012 to 2015.

Another related study is that of Fornazari et al (2015) where LANDSAT-5/TM sensor images was
used to map the scars of the burned parts in the Serra do Cipé National Park (MG), in its study
it was concluded that this method showed limitations when analyzing the permanence of the
scars associated with the variables’ “size” and “precipitation”. The presence of clouds promoted
the obscuration of several scenes acquired by the LANDSAT-5/TM sensor due to its low temporal
resolution, so that possible scars present in this clouded region were left unmapped. Despite the
difficulty of the method, it was noted that there is a considerable increase in the incidence of wildfire
in the region in the months of June, September and October.

Rodrigues et al (2018) used an automatic estimate of the burned area in the Serrana Region of Rio
de Janeiro in October 2014, through information from the operational land imager (OLI) sensor on
board LANDSAT-8 satellite. Due to the low time frequency of the LANDSAT-8 images (16 days) and the
frequent presence of high cloudiness in the region, it was only possible to map the burned areas two
months after the event. The quantitative results indicate a total of approximately 4000 ha of burnt
area in the Conservation Unit. The importance of using products with greater temporal frequency is
noted, since in this study it was possible to detect the phenomenon only two months after the event,
there may be loss of information.

The MODIS sensor, aboard the TERRA and AQUA orbital platforms, is configured to provide data on the
dynamics of the Earth’s biosphere, allowing the generation of images with spatial resolution between
250 and 1000 meters, in addition to presenting a frequency of revisit between 1 and 2 days to the
equator (Piromal et al., 2008). The MCD45A1 is a product obtained from images of both MODIS sensors
with a monthly frequency and spatial resolution of 500 m, containing wildfire identified by pixel and
presenting quality information of the data. The algorithm used to generate this product is based on
changes in coal and ash deposits, removal and alteration of vegetation structure. Thus, the date of
the burning is detected by locating the occurrence of rapid changes in the data of the daily surface
reflectance time series, and a comparison is made between the reflectance data from the previous
days, resulting in a statistical measure to determine whether the difference between predicted and
observed reflectance denotes a significant change (ROY et al., 2005).

The LANDSAT series of satellites, which presents spatial resolution between 15 and 30 m (depending on the
spectral band), has been consolidated as one of the main tools for analysis and evaluation of environmental
impacts, land use and land cover, estimation of biophysical parameters, georeferencing, as well as agricultural
and environmental planning (ALVES et al., 2017). Examples of recent related work are in Bittencourt and
Guasselli (2017), Sotille et al. (2016), Andrade and Lourencgo (2016), and Paula et al. (2016).

Data from LANDSAT satellites are widely used in the validation of methodologies for wildfire detection
as a result of outstanding outcome derived from their applications, as portrayed by the citable authors
who applied this validation. These authors include Jesus et al. (2011), Matos and Leal (2014), Piromal
et al. (2008) and Tomzhinski et al (2011). In the same vein, Aradjo and Ferreira Junior (2011) validated
the MCD45A1 product with data from LANDSAT-5, in the Cerrado region, and obtained 100% of the
polygons found by MODIS were positively labeled as burned, due to the good accuracy of the algorithm.
Cardozo et al. (2012) did the same validation for a region of the Amazon Rainforest and obtained more
than 90% omission of burned areas. The advantages of using LANDSAT data is related to its better
spatial resolution among the satellite data with free access.
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In this context, the present work aimed at evaluating the occurrence of fires in the metropolitan
region of Belo Horizonte, during the dry season, from the year 2012 through 2016. For this purpose,
MCD45A1 product data from the MODIS sensor were used. In addition, the obtained results in
relation to the estimated burned area were compared with the same data generated from orbital
images of the LANDSAT-8/0OLI sensor.

2 MATERIALS AND METHODS

The investigation of the occurrence of fires consisted of two main steps. The first dealt with the
acquisition of MCD45A1 product data from the year 2012 to 2016, treatment of the data and the
estimation of the extent of burned area. The second step was comparing the results of MCD45A1 with
images from the LANDSAT-8/0LI system, as it has better spatial resolution and better spectral response
to the occurrence of wildfires and it is widely used in studies for this purpose. The comparison was
made only as for the periods of higher wildfire occurrences in this study.

2.1 FIELD OF STUDY

The Metropolitan Region of Belo Horizonte (RegiGo Metropolitana de Belo Horizonte—RMBH), lies
in the State of Minas Gerais and its main accesses are by highways BR-040, BR-381 (Ferndo Dias
Highway), BR-356 and BR-262, as shown in Figure 1. The region is composed of 34 municipalities,
with a territorial extension of 9460 Km2, being the 3rd largest metropolitan region in Brazil and the
7th largest in Latin America. It has a population of approximately 5 million inhabitants and a GDP of
56.8 million, corresponding to 40% of the state’s GDP (Agencia RMBH, 2016). The region covers three
hydrographic basins: Rio das Velhas Basin, Rio Paraopeba Basin and Rio Pard Basin, all sub-basins of
the Sdo Francisco River (RMBH AGENCY, 2016).

The RMBH is present between two biomes: Atlantic Forest and the Cerrado. The former is
predominantly characterized by the ombrophilous and seasonal forest physiognomies (semideciduous
and deciduous). While the Cerrado is predominantly characterized by the savanna physiognomies
(OLIVEIRA FILHO, 2006), apart from forestry and pasture. The Atlantic Forest represents the second
largest tropical rainforest in the Americas, being one of the 25 world hotspots of biodiversity.
Despite having been largely destroyed, it is still home to over 8,000 endemic species of vascular
plants, amphibians, reptiles, birds and mammals (MYERS et al., 2000). The Cerrado is one of the
main savanna formations in the tropics, being the second largest biome in South America, occupying
22% of the Brazilian territory, and at the same time, being the biome that concentrates the largest
agricultural production in the country (MARQUES et al., 2017).

The climate classification of the region covers four climate zones defined by Nimer (1979). The zones of
the greatest expression are: Tropical Central Brazil mild mesothermal semi-humid and Tropical Central
Brazil sub-humid climate. The Tropical Central Brazil semi-humid climate stands out for an annual
rainfall regime characterized by a pronounced concentration of tropical instabilities in summer, while
the winter is strongly marked by drought (for around 4 to 5 months).

The low humidity makes the region prone to forest fires. According to data provided by FEAM (2017)
there was the burning of over 2783 ha between 2012 and 2016in the state conservation units.
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Figure 1 | Location of the area and study.
Source: Authors, based on PDDI (2014), ESRI (2015), IBGE (2017).

2.2 ASSESSMENT OF BURNED AREAS BY MODIS SENSOR

The acquisition of the product MCD45A1 was made in NASA (2017), from https://ladsweb.modaps.
eosdis.nasa.gov, where the images were acquired in geotiff format. In this image acquisition, the
geographical limits of RMBH which is inserted in tiles H13V11, H13V10, H14V11 were considered and
the area of interest where isolated. The images obtained considered the situation from January to
December, from 2012 to 2016, totaling 60 images.

The product MCD45A1 provides eight by-products, of which only two were used in this analysis, the
by-product ba_qa (reliability index and pixel labeled as burned) and the by-product burndate (index
that indicates if the area is burned). In order to obtain the pixels with high reliability index, the two
bands were crossed. The value of the pixels of the by-product ba_ga, varies from 0 to 5, and only pixels
with value 1, which represent the highest reliability, were selected. The values of the pixels of the by-
product burndate represent the day of the wild fire occurrence, in the format of the Julian calendar,
allowing the awareness of the exact days in which more wildfires occurred.

The burned area for each year was calculated, taking the product’s spatial resolution, which is 500 m,
into account. All data were treated using procedures developed in Interactive Data Language (IDL),
an interactive computer programming environment integrated with ENVI software (version 5.2), a
platform for remote sensing data treatment and digital image processing.

2.3 ASSESSMENT OF BURNED AREAS WITH LANDSAT DATA

LANDSAT-8/0LI images were acquired from the Earth Explorer website(USGS, 2017), through the
link https://earthexplorer.usgs.gov, referring to the orbit/point 218/74 that covers part of the study
region. The images were chosen considering the smallest cloud coverage possible. Thus, 4 images were
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acquired (September and November 2014, August and September 2016). As it was not possible to find
images with total absence of clouds, we used clippings that obeyed this condition, besides data with
LANDSAT-8/0LI quality to verify their presence.

The raw digital values of the images were converted into apparent reflectance for image correction
using the LANDSAT-8/0LI radiometric image correction method provided by USGS (United States
Geological Survey), which is based on the relationships proposed by Markham and Barker (1987).

For the recognition of wildfire scars, the NDVI images were calculated (Equation 1) by an operation
between the near infrared (IR) and red (R) bands. Assuming that the greater the amount of vegetation,
the greater the reflection in the infrared band and smaller in the red band, increasing the ratio value
and enhancing the vegetation (MELO, SALES and OLIVEIRA, 2011).

NDVI = (NIR - R) / (NIR +R) (1)

From NDVI images, from the period before the burn (T1) and the period after (T2), the differences of
these images (T1-T2) are calculated to help verify the burned part scars.

3 RESULTS

Figure 2 | NDVI T1 (August 2014) (a), NDVI T2 (September 2014) (b) and T1-T2 (c).

Source : Authors, based Landsat/OLI 8 images.

As shown in Figure 2, the image difference allows the identification of pixels where there was no
difference with values close to 0, places with vegetation removal, values close to 1 and vegetation
growth, values close to -1 (CARVALHO; SCOLFORO,2008). It is possible to identify and demarcate the
scars through regions of interest (ROI). Using the ROl (Region of Interest) tool, available in the ENVI
software, a number of representative pixels (seed pixels) are selected from growth methods of regions
based on the similarity of seed pixels with their neighbors, delineating the region efficiently, producing
an optimized and accurate outline of the scar.

The pixel quantities of burned areas by LANDSAT-8/0LI and MODIS were compared and whether the
areas were corresponding. It was noted that all burned polygons found based on the MODIS sensor
data were also identified in the LANDSAT-8/0LI images, an example is shown in Figure 3. Nevertheless,
when pixel matching was checked, it was observed that MODIS data was able to verify 72% of the
wildfire pixels in 2014 and 60% of the fire pixels for 2016.
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Figure 3 | Comparison of burned polygons detected by LANDSAT-8/0OLI images (colors only to differentiate each burn scar)
(a) and MODIS sensor (b)

Source: Authors, based Landsat/OLI 8 images.

3.1 ANALYSIS OF THE WILDFIRE OCCURRENCE

With the burned area data obtained by the product MCD45A1 some analyses were made. Therefore, it
was possible to notice that the seasons of the year in which wildfire occur mostly are winter and spring,
though there were few points of wildfires in autumn, whereas in summer none was detected (figure 4).
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Figure 4 | Burned area by seasons.

Source: Authors.

Comparing the annual total (figure 5), it can be seen that the year 2014 gained prominence as the year
with the highest incidence of wildfire, with 350 km2 of affected area. It was followed by the year 2015,
with 81 km?2 of affected area.
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Figure 5 | Burned area by year

Source: Authors.

Between the months (figure 6) those with the highest concentration of wildfire are August, September
and October. It should also be noted that the month of October presented an expressive value due to
the year 2014, where wildfires occurrences were registered at a considerably high rate, reaching an
area of approximately 183 km2, escalating to the record of the month with highest value of burned

area throughout the years studied.
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Figure 6 | Burned area by months

Source: Authors.

From the land use and land cover mapping data made available by MapBiomas (2017), it was possible
to make an analysis of the types of land cover most affected by fire. The data was cross-checked with
the burned areas data from MODIS (figure 7), and the most affected areas for the years of study were:
33% of burned areas in Forest Formation areas, 26% in pasture areas and 12% in mosaic areas of
agriculture and pasture.
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Figure 7 | Types of land cover where pixels from wildfires were detected during the years of study.
Source: Authors.

In figure 8, it is possible to better understand the results, since the variation in total precipitation during
the studied years is presented. It is possible to understand the relationship between precipitation and
burned areas, in the year 2014 a large decrease in precipitation was identified, since most months
had a total precipitation of less than 50 mm. The year 2015 was the second year with the highest
rate of wildfires, which may still be due to the low precipitation the state was suffering then. In 2016,
coincidently, there was the increase in the precipitation and decrease in the burned area.
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Figure 8 | RMBH accumulated precipitation.
Source: (ANA, 2018).

It is possible to observe the coherence of the data in figure 4, since the seasons with lower rainfall
values are during winter and spring, which are also the seasons with the highest rate of wildfires. It
can be observed that the highest occurrence was registered in spring. This fact can be attributed to the
combination of low precipitation together with higher temperatures.

The above cited study of Fornazari (2015) also shows a considerable increase in the wildfire incidence
in the region in June, September and October. This is in line with what was detected in this study,
remembering that part of Serra do Cipd lies in the RMBH.
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The most affected areas by wildfires are forest areas, which mostly comprise areas of Atlantic Forest,
showing the importance of verifying the occurrence of wildfires in the region. This is because it is a very
rich region in biodiversity, which ends up being a loss with the occurrence of forest fires.

Other highly affected areas are areas used for agriculture and pasture. This can be related to burning
for cleaning areas, which can also be associated with the occurrence of fire outbreaks in other regions.

Since fire needs an ignition to start and it is often associated with human causes. The fact that it
has a higher incidence in drier season does not mean that the climate is the only “culprit”. What
happens is that with the decrease in precipitation and the consequent drop in air humidity, there is
a drop in the humidity of the combustible material (wood), which makes it more prone to ignition.
Plus, the drop in soil humidity, which is more prone to spread fire, burning larger areas, which are
easier to identify by satellites. This highlights the importance of greater surveillance in these regions,
especially in times of lower precipitation.

As for the way of satellite detection of wildfire, it was found that using MODIS sensor data instead
of LANDSAT-8/0LI data to detect the sites with burnt area, does not affect the result, as the
polygons have overlapped.

The use of LANDSAT images, on the other hand, due to its better spatial resolution, allows to better
identify the dimension and delimitation of burnt areas. It should be noted, however, that only the most
reliable pixels of the MODIS sensor were used (value 1 of ba_qga index). If other arrangements were used,
considering lower reliability indexes, it would be possible to achieve a better matching of the areas.

The handling of LANDSAT-8/0LI data requires more time and processing and depends on the user for
the identification of the areas as presented in “figure 2c” and the selection of the seed pixel for area
growth. Whereas, the MODIS sensor data was practically ready for direct use.

Another advantage of the MODIS sensor in relation to LANDSAT-8/0LI is its temporal resolution, the
former having a resolution of 1 and 2 days, while the latter has a frequency of 16 days and still has the
aggravating factor of having many images with the presence of clouds, which makes detection difficult,
as evidenced in Rodrigues et al (2018).

5 CONCLUSIONS AND FUTURE PROSPECTS

The availability of detailed and up-to-date information on the spatial (location and extent) and
temporal distributions of burned areas is currently crucial, not only for the better management of
natural resources, but also for atmospheric chemistry and climate change studies.

The large occurrence of fires associated with both meteorological and anthropic factors is a growing
concern, since it causes impacts on the society and the environment. Therefore, it is very important to
develop research and scientific studies that cooperate with the monitoring of fire outbreaks and risks.
It was observed that the greatest amount of fires occurred mainly in the months of September and
October, where larger quantities of burned areas were found. At that time of the year the humidity
of the air becomes low, while the temperature gets higher, which decreases the humidity in the fuel
material and in the soil, which cooperates with the spread of fires. It was noted that the burned areas
are strongly linked to the occurrence of precipitation, and in the times of occurrence of less precipitation
the largest amounts of burned areas were found.

Remote sensing techniques are important in the burn detection process, as remote monitoring is

possible, having a lot of quality data available. The option of using LANDSAT system data or MODIS
sensor data for wildfire studies depends on the purpose of the application.
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With the use of the first sensor it is possible to delimit the size of the burned area more precisely, but
the use of this method requires more processing work, in addition to external references, as it depends
on radiometric transformations, vegetation index calculations and visual interpretation of image data.
In addition, the difficulty of finding images with no clouds, depending on the time of interest was
encountered. On the other hand, the product resulting from MODIS does not delimit the outline of
the burnt area with the same accuracy, but it detects the places where the wildfire occurred, being
of direct application, high availability and easy to use. This fact greatly favors public management,
where often there may not be such a skilled technical staff, either due to lack of resources or due to
unawareness of the managers themselves.

Therefore, the MCD45A product of the MODIS sensor is a readily available resource, which adds speed
and simplicity to wildfire studies, particularly in the verification of higher risk areas and their regular
monitoring, presenting additional advantages over other existing methods. However, it should be
noted that the present study does not exhaust the subject matter, which is indeed very broad and
deserves further investigation.

Another possibility is the use of the Normalized Burn Ratio (NBR) instead of the NDVI in other studies.
It is suggested in other studies to divide the study into two periods of the year: early (from October
16 to August 15) and late (from August 16 to October 15). It should be emphasized that these periods
are those adopted by the management bodies in decision making regarding the management of fire
occurrences applied to protected areas. Other possibilities would also include carrying out other
analyses in order to prevent and fight wildfires in the study area, such as: maximum and average
extension of wildfires (affected area) each year; frequency of wildfires (number of times each pixel
burned in the analysis period), seeking to identify the critical areas and highest risk for protected areas
correlating with the type of soil, for example; differences in fire occurrences inside and outside the
protection areas; identification of the protected areas most vulnerable to fire outbreaks (quantified by
the frequency of wildfires and higher extension).

Additionally, it is important to validate these with field data to verify that the pixels actually
correspond to burned areas. The availability of wildfire data is a difficulty, these were requested
from the Fire Department and could not be made available for safety reasons. An attempt was made
to request these data from the agency responsible for forests protection in Minas Gerais, Instituto
Estadual de Florestas de Minas Gerais (IEF), which also did not have this type of data observed and
computed. It is therefore important to verify ways of monitoring and recording these fires in order
to improve detection techniques.

The results obtained in this work can effectively contribute to the prevention of socio-environmental
impacts in the study region and can serve as a model for application in other metropolitan regions
aiming at sustainability.
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RESUMO

Estudos sobre a ocorréncia de queimadas sdo muito importantes, visto que eles corroboram medidas
de controle, prevengdo e monitoramento destas. Incéndios florestais causam vdrios impactos,
entre eles perda da biodiversidade e prejuizo a saude humana, sendo um problema tanto na esfera
ambiental quanto social e politica. Uma forma de monitoramento desses incéndios é a utilizacdo de
técnicas de sensoriamento remoto. Assim, a proposta do presente trabalho foi a utilizacdo de imagens
Modis (MCD45A1) para identificagdo e avaliacdo de dreas queimadas na regido metropolitana de Belo
Horizonte, entre os anos de 2012 e 2016, validando-o com dados do sensor Landsat-8/OLl. Com o
emprego dos dados Landsat, é possivel delimitar com melhor precisdo a dimensao da drea queimada,
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mas exigindo-se conhecimento técnico operacional e corpo técnico especializado para tanto. Jd o
produto decorrente do Modis, é mais acessivel e de facil utilizagdo, sendo de aplicagdo direta, pois
ja informa os focos de incéndio. Observou-se grande ocorréncia de queimadas na regido de estudo,
principalmente na primavera e no inverno. Os resultados encontrados aqui poderdo ser utilizados em
estudos futuros para diminuir a incidéncia de queimadas na regido e assim preservar a biodiversidade
de biomas importantes nela presente.

Incéndios Florestais. Landsat/OLl. Modis MCD45A1. Preserva¢do Ambiental.

ABSTRACT

The study of fire burned areas is very important, since they corroborate with control measures,
prevention and monitoring of fires. Forest fires causes numerous impacts, among them, there is
biodiversity lost and human health prejudice. So, it is a problem of environmental sphere as well as a
social and political sphere. A way of monitoring this is using remote sensing techniques. So the propose
of the present article is to use the Modis product (MCD45A1) to identify and evaluated the burned areas
in metropolitan region of Belo Horizonte, among the years of 2012 to 2016, which is validated with
Landsat-8/0LI sensor data. With the use of Landsat data it is possible to define the size of the burned
area with greater precision, but requiring technical operational knowledge and specialized technical
staff for both, on the other side, Modis is easier to operate, and have direct application and higher
availability. It was observed that the study area has high burned area occurrences, mainly in spring and
winter. The results found here could be used for future studies to decrease the forest fires incidence in
the region and thus preserve the biodiversity of important biomes present in it.

Keywords: Forest fires. Landsat. Modis MCD45A1. Environmental Preservation.

1 INTRODUCAO

As ocorréncias de queimadas na vegetacdo representam sérias preocupacdes relacionadas ao meio
ambiente, pois devastam grandes propor¢es de florestas, campos e regides agricolas, causando
alteragdes no meio ambiente. Guimardes et al. (2014) verificaram como principais impactos dos
incéndios: aquecimento do solo, erosdo, reducdo de nutrientes do solo, reducdo do teor de matéria
organica, acidez do solo, alteracdo do microclima local, reducdo da qualidade da 4gua, mortandade
de animais, enfraquecimento da madeira, limpeza do sub-bosque, impactos as culturas agricolas,
interferéncia na sucessao vegetal, reducdo da atividade de microrganismos e renovacdo da pastagem,
transtornos a populagdo do entorno, impactos paisagisticos e destruicao de areas de recreacdo.

Ichoku e Kaufman (2005) afirmam que as queimadas causam impactos no albedo, modificagGes do balanco
radiativo da atmosfera, alteracdes nos ciclos biogeoquimicos e hidroldgicos, além da liberacdo de gases de
efeito estufa na atmosfera. Além disso, as ocorréncias de queimadas estdo amplamente associadas ao clima,
as condi¢Oes da vegetacdo e principalmente as atividades humanas (SANTOS; SOARES; BATISTA, 2006). Vale
destacar também a abordagem do assunto em Lima e Nasuti (2017), Silva e Carneiro (2014), entre outros.

Quando um ambiente natural é destruido, se este ndo foi propriamente estudado, muitas espécies de
plantas e animais sdo perdidas, o que é uma grande perda para a ciéncia e para a humanidade. Por
isso, a importancia da protecdo e defesa da biodiversidade. Um exemplo a ser citado como perda de
biodiversidade é o Cerrado brasileiro, onde aproximadamente 40% a 50% do solo foi transformado em
agricultura nos ultimos 50 anos. Esse bioma representa 23% da cobertura do Brasil e é um dos mais
importantes hotspots de conservagao da biodiversidade. Outro bioma muito afetado é a Mata Atlantica,
a qual compreende 7% de matas remanescentes do original (GIUSTINA; SILVA; MARTINS, 2018).

O processo de queimadas no Brasil é crescente e se intensifica principalmente nos periodos mais secos
do ano, podendo ser divididos entre focos naturais e antrdpicos. O assunto é também tratado com
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detalhe em Lima e Nasuti (2017) e Silva e Carneiro (2014). Quanto aos processos antrdpicos, esses sao
geralmente ligados a limpeza de areas para expansdo agricola e pecudria, além de ser uma forma de
manejo em algumas culturas, como a cana-de-acgucar (FERNANDES et al., 2016).

Entre os grupos de causas de incéndios classificados pela Organizacdo das Nac¢des Unidas para a
Alimenta¢do e a Agricultura (FAO, sigla do inglés Food and Agriculture Organization), a maioria
envolve fatores antrépicos, tais como: incéndios propositais, por motivos como retaliagao, vinganga,
disputa pela posse de terras, urbanizacdo e incapacidade mental, entre outros; queima para limpeza,
para fins agricolas; fumantes, devido a negligéncia de jogar pontas de cigarro ou fésforo acesos;
operacoOes florestais e recreacdo (JUVANHOL, 2014). Vale destacar que é possivel desenvolver
sistemas automatizados de monitoramento e prevencdo de desastres, tal como é aplicado na area
de deslizamento, por exemplo, como citado por Saito, Lima e Dias (2019). No entanto, vale ressaltar,
também, pesquisas voltadas para a drea de prevencdo de incéndios, apresentadas em Fernandes
(2019), Fernandes et al. (2018a, 2018b, 2019), Oliveira (2013), Oliveira e Nero (2012, 2013), Oliveira et
al. (2017), Prudente (2010), Ribeiro (2009), Ribeiro et al. (2008) e Zhang et al. (2011).

Além dos impactos de perda de biodiversidade, as queimadas representam grande risco a saude humana,
pois emitem material particulado fino que prejudica o sistema respiratério. Essas particulas se depositam
nos brénquios terminais e nos alvéolos, agravando problemas respiratérios. Assim, municipios situados
nas imediacOes das areas de queimadas tém problemas crescentes com salde publica. Dessa maneira,
estima-se que nos préximos 20 anos a polui¢cdo do ar sera responsavel por 156 mil mortes, 4 milhdes de
casos de asma e 300 mil atendimentos médicos em criangas (CASTRO et al., 2016).

Considerando-se tudo o que ja foi exposto aqui, pode-se afirmar que a problematica das queimadas
envolve tanto questdes sociais e de saude publica quanto questdes ambientais, relacionadas as perdas de
biodiversidade. Portanto, na tomada de medidas de prevencdo e controle desse fendmeno, é necessario
primeiro o estudo e entendimento deste. Dessa maneira, o conhecimento do local onde mais ocorrem as
queimadas, frequéncia de acontecimentos, épocas do ano, entre outros, sdo de vital importancia.

A partir desses dados, torna-se possivel identificar as causas e estudar as melhores formas de controle
e prevencgdo de incéndios. Assim, é importante dispor de uma forma rdpida e eficiente de deteccdo
de incéndios florestais para melhorar o controle das queimadas, monitorar as areas afetadas, obter
reducdes dos custos nas operacdes de combate, permitir atenuacdo dos danos e estimar os impactos
causados na regido. As formas de deteccdo podem ser realizadas de diferentes maneiras, tais como
por meio de: postos de vigilancia, torres de observagao, patrulhamento aéreo e monitoramento por
imagens de satélite (BATISTA, 2013).

Técnicas de sensoriamento remoto se tornam uma boa solucdo quando o objetivo é mapear incéndios
em dareas de acesso dificultado, como, por exemplo, unidades de conservacdo e areas rurais, ja que ndo
existem monitoramentos nessas areas e o registro é feito apenas por meio de denuncias.

O sensoriamento remoto consiste em obter informagdes de um objeto ou alvo, sem que haja contato
fisico com ele, sendo as informacdes obtidas utilizando-se radiacdo eletromagnética refletida e/ou
emitida pelos alvos (ROSA, 2011). Além disso, o sensoriamento remoto permite a identificacdo de
classes tematicas na superficie terrestre, assim como a area de ocorréncia, explorando as classes de
uso do solo. Adicionalmente, devido a seu dominio temporal, identifica também altera¢cdes em objetos
da superficie, muito importante principalmente para o planejamento e ambiente.

Com a integracdo de suas caracteristicas espectrais e espaciais, é possivel extrair informacées em relacdo
ao produto de uma Unica data ou de poucas datas. Como exemplo, tem-se o indice de Vegetacdo por
Diferenca Normalizada (do inglés Normalized Difference Vegetation Index — NDVI), onde, mediante a
utilizacdo da reflectancia nas faixas do vermelho e infravermelho préximo, sao fornecidas informacdes
da quantidade da biomassa verde fotossinteticamente ativa da vegetacdo (PEREIRA FILHO, 2014). Assim,
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técnicas de sensoriamento remoto podem ser utilizadas para conhecimento de ocorréncias de queimadas,
bem como a quantificagdo da area e da biomassa afetadas pelo fogo (FRANCA; FERREIRA, 2005).

Emtermos datemadtica de meio ambiente vale destacar diversos trabalhos que aplicam sensoriamento
remoto, tais como: 1) o realizado por Barbalho et al. (2019) com o emprego de imagens Rapideye em
conjunto com técnicas de geoprocessamento; 2) o emprego do ArcGIS (programa de processamento
na area de Sistemas de Informac¢do Geografica, SIG) com a utilizagdo de imagens Google Earth; 3)
pesquisa com a aplicacdo de SIG e analise temporal de estudos de devastacdo ambiental, relatada
em Guistina et al. (2018).

Para a deteccdo de queimadas por meio do sensoriamento remoto, sdo envolvidas trés fontes de
radiacdo: a emissdo da queimada em si, como substancias da combustdo, a emissdo e reflexdo da
area em que ocorre a queimada, e a reflexdo de outras fontes, como solo exposto. A utilizacdo de
mudancas na superficie entre vegetacdo e solo exposto é uma das formas mais utilizadas para deteccdo
de dreas queimadas, como exemplo tem-se o uso de imagens de satélites dos sistemas Landsat e Spot,
que possuem grande potencial para tal fim, devido a sua fina resolu¢do espacial em relacdo a outros
sensores (FRANCA; FERREIRA, 2005). Outra forma de detecc¢do é a utilizada por Resende et al. (2017)o
bioma Cerrado se tornou um dos ambientes mais favoraveis para a expansao da fronteira agricola. Uma
das consequéncias consiste no desmatamento e no aumento do nimero de queimadas, ocasionando
a degradacdo e supressdo de extensas areas de ecossistemas naturais do bioma. Neste contexto, o
presente trabalho teve como objetivo principal analisar a distribuicao espacial das areas queimadas na
porcdo nordeste do bioma Cerrado. Desta forma, foi realizado o mapeamento das areas queimadas em
imagens do sensor Moderate Resolution Imaging Spectroradiometer (MODIS, que utilizaram o Modelo
Linear de Mistura Espectral — MLNE (SMITH; SHIMABUKURO, 1991) a partir de imagens do sensor
Modis (Moderate Resolution Imaging Spectroradiometer) para identificar a drea queimada na porgao
nordeste do Cerrado nos anos de 2012 a 2015.

Outro estudo relacionado é o de Fornazari (2015) em que este utilizou-se de imagens do sensor Landsat
5 TM para mapear as cicatrizes de queimada no Parque Nacional da Serra do Cipé (MG). Em seu estudo
foi concluido que o método demonstrou limitacdes diante da andlise da permanéncia das cicatrizes
associadas as variaveis “tamanho” e “precipitacdo”. A presenca de nuvens promoveu o obscurecimento
de diversas cenas adquiridas pelo sensor Landsat 5 TM devido a sua baixa resolu¢do temporal, de
modo que possiveis cicatrizes presentes na regido ndao tenham sido mapeadas. Apesar da dificuldade
do método, notou-se que hd um aumento consideravel de incidéncia de fogo na regido, nos meses de
junho, setembro e outubro.

Rodrigues (2014) utilizou uma estimativa automatica da drea queimada na Regido Serrana do Rio de Janeiro
em outubro de 2014, por meio de informacgdes do sensor OLI a bordo do satélite Landsat-8. Devido a baixa
frequéncia temporal das imagens Landsat-8 (16 dias) e a frequente presenca de alta nebulosidade na regido,
somente foi possivel mapear as dreas queimadas apds dois meses do evento. Os resultados quantitativos
indicam um total de aproximadamente 4000 ha de drea queimada na Unidade de Conservac¢do. Nota-se a
importancia de utilizar produtos com maior frequéncia temporal, ja que nesse estudo foi possivel detectar
o fenbmeno apenas dois meses apds o ocorrido, podendo ter perda de informacdes.

O sensor Modis, a bordo das plataformas orbitais Terra e Aqua, é configurado para fornecer dados da
dindmica da biosfera terrestre, permitindo a geragao de imagens com resolu¢do espacial entre 250
e 1000 metros, além de apresentar frequéncia de revisita entre 1 e 2 dias no Equador (PIROMAL et
al., 2008). O MCD45A1 é um produto obtido a partir de imagens de ambos os sensores Modis com
frequéncia mensal e resolucdo espacial de 500 m, contendo queimadas identificadas por pixel e que
apresenta informacgdes de qualidade dos dados.

O algoritmo utilizado na geragdo desse produto se baseia nas mudancas de depdsito de carvao e cinzas,
remocao e alteragdo da estrutura da vegetacdo. Assim, detecta-se a data da queimada localizando-se
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a ocorréncia de mudancgas rapidas nos dados da série temporal de reflectdncia da superficie didria,
sendo realizada uma comparacdo entre os dados de reflectancia dos dias anteriores, resultando em
uma medida estatistica para determinar se a diferenca entre a reflectancia prevista e observada é uma
mudanca significativa (ROY et al., 2005).

A série de satélites Landsat, que apresenta resolu¢do espacial entre 15 m e 30 m (dependendo da
banda espectral), tem se consolidado como uma das principais ferramentas para analise e avaliagdo de
impactos ambientais, uso e cobertura do solo, estimativa de parametros biofisicos, georreferenciamento
e planejamento agricola e ambiental (ALVES et al., 2017).

Exemplos de trabalhos recentes estdo em Andrade e Lourenco (2016), Bittencourt e Guasselli (2017)
gue sdo periodicamente inundadas por reflexo lateral de rios e de lagos, pela precipita¢cdo direta ou
por dgua subterranea. Para compreender a dindmica desses ambientes — em especial o banhado da
Reserva Bioldgica de Sdo Donato - RS, a partir de processamento de imagens Landsat 5 e Landsat 8,
foi utilizado o indice NDPI (Normalized Difference Pond Index ou indice de Diferenca Normalizada de
Corpos de 4gua, Paula et al. (2016), Prado et al. (2016) e Sotille et al. (2016). Por ter se destacado em
suas aplicacOes, dados dos satélites Landsat sdo muito utilizados na validacdo de metodologias para
deteccdo de queimadas, podendo citar os autores que aplicaram essa validagdo, como Jesus et al.
(2011), Matos e Leal (2014), Piromal et al. (2008) e Tomzhinski et al. (2011). Aradjo e Ferreira Junior
(2011) fizeram a validacdo do produto MCD45A1 com dados do Landsat 5, na regido do Cerrado, sendo
gue 100% dos poligonos encontrados pelo Modis foram rotulados positivamente como queimadas,
devido a boa precisdo do algoritmo.

Ja Cardozo et al. (2012) fizeram a mesma validagdo para uma regido da Floresta Amazoénica e obtiveram
mais de 90% de omissdao de areas queimadas. As vantagens em se utilizar os dados Landsat estdo
relacionadas com sua melhor resolucdo espacial entre os dados de satélite que tem acesso gratuito.

Nesse contexto, o presente trabalho teve por objetivo avaliar a ocorréncia de queimadas na regiao
metropolitana de Belo Horizonte, nas épocas de seca, entre os anos de 2012 e 2016. Para tanto, foram
utilizados os dados do produto MCD45A1 do sensor Modis. Além disso, foi realizada a comparagao dos
resultados obtidos em relagdo a drea queimada estimada com os mesmos dados gerados a partir de
imagens orbitais do sensor Landsat-8/0LI.

2 MATERIAIS E METODOS

A investigacdo da ocorréncia de queimadas consistiu em duas etapas principais. A primeira tratou
da aquisicdo dos dados do produto MCD45A1 para os anos de 2012 a 2016, tratamento dos dados e
a estimativa da extensdo de drea queimada. A segunda etapa foi a comparacdo dos resultados do
MCD45A1 com imagens do sistema Landsat/OLI 8, ja que este apresenta melhor resolucdo espacial e
melhor resposta espectral para a ocorréncia de incéndios e é amplamente utilizado em estudos para esse
fim. A comparagao foi feita apenas nos periodos de maior ocorréncia de queimadas no presente estudo.

2.1 AREA DE ESTUDO

A Regido Metropolitana de Belo Horizonte (RMBH) esta inserida no estado de Minas Gerais e seus
acessos principais sdo pelas rodovias BR-040, BR-381 (Rodovia Ferndo Dias), BR-356 e BR-262, como
mostrado na Figura 1. A regido é composta por 34 municipios, com uma extensao territorial de
9.460 km2, sendo a 32 maior Regido Metropolitana do Brasil e a 7a maior Regido Metropolitana da
Ameérica Latina. Possui uma populacdo de aproximadamente 5 milhdes de habitantes e um PIB de 56,8
milhdes, correspondente a 40% do PIB estadual (AGENCIA RMBH, 2016). A regido abrange trés bacias
hidrograficas: Bacia do Rio das Velhas, Bacia do Rio Paraopeba e Bacia do Rio Par3, todas sub-bacias do
Rio S3o Francisco (AGENCIA RMBH, 2016).
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A RMBH estd presente entre dois biomas: Mata Atlantica e o Cerrado. O primeiro se caracteriza pela
predominancia de fisionomias florestais ombrdfilas e estacionais (semideciduais e deciduais), enquanto
qgue o Cerrado é caracterizado pela predominancia de fisionomias savanicas (OLIVEIRA FILHO, 2006),
além de florestais e campestres. A Mata Atlantica representa a segunda maior floresta pluvial tropical
do continente americano, sendo um dos 25 hotspots mundiais de biodiversidade. Embora tenha sido
em grande parte destruida, ela ainda abriga mais de 8.000 espécies endémicas de plantas vasculares,
anfibios, répteis, aves e mamiferos (MYERS et al., 2000). O Cerrado é uma das principais formacgdes
de savana nos tropicos, sendo o segundo maior bioma da América do Sul, ocupando 22% do territério
brasileiro, sendo o bioma que mais concentra a producdo agropecuaria do Pais (MARQUES et al., 2017).

A classificagdo climatica da regido abrange quatro zonas climaticas definidas por Nimer (1979). As
zonas de maior expressdo sao: Tropical Brasil Central mesotérmico brando semilimido e Tropical Brasil
Central subquente semiumido. O clima Tropical Brasil Central semiimido se destaca por um regime
anual de chuvas caracterizado por uma acentuada concentragdo de chuvas de instabilidades tropicais
no verao, enquanto o inverno é fortemente marcado pela seca (entre 4 a 5 meses).

A baixa umidade faz com que a regido esteja propicia a incéndios florestais. Segundo dados
fornecidos pela Feam (2017), em unidades de conservac¢do estaduais houve a queima de mais de
2.783 ha entre 2012 e 2016.
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Figura 1 | Localizagdo da drea de estudo.

Fonte: Elaboragdo propria, baseada em bases PDDI (2014), ESRI (2015), IBGE (2017)

2.2 AVALIACAO DE AREAS QUEIMADAS PELO SENSOR MODIS

A aquisicdo do produto MCD45A1 foi feita em Nasa (2017), a partir do site https://ladsweb.modaps.
eosdis.nasa.gov, onde foram adquiridas as imagens em formato geotiff. Nessa aquisicdo de imagens,
foram considerados os limites geograficos da RMBH que estdo inseridos nos tiles H13V11, H13V10,
H14V11 e recorte da drea de interesse. As imagens obtidas consideraram a situacdo nos meses de
janeiro a dezembro, dos anos de 2012 a 2016, totalizando 60 imagens.
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O produto MCD45A1 fornece oito subprodutos, sendo que na presente andlise foram utilizados apenas
dois, o subproduto ba_ga (indice de confiabilidade e do pixel rotulado como queimada) e o subproduto
burndate (indice que indica se a area estd queimada). Para a obtencdo dos pixels com alto indice de
confiabilidade, foi realizado o cruzamento das duas bandas. O valor dos pixels do subproduto ba_ga
varia de 0 a 5, sendo que foram selecionados apenas pixels com valor 1, que representam a mais
alta confiabilidade. Os valores dos pixels do subproduto burndate representam o dia de ocorréncia da
gueimada, no formato do calenddrio Juliano, o que possibilitou o conhecimento exato dos dias nos
quais ocorreram mais queimadas.

A drea queimada para cada ano foi calculada levando em consideragdo a resolugdo espacial do produto,
que é de 500 m. Todos os dados foram tratados usando procedimentos desenvolvidos no Interactive
Data Language (IDL), um ambiente computacional interativo de programacdo integrado ao software
Envi (versdo 5.2), uma plataforma voltada para tratamento de dados de sensoriamento remoto e
processamento digital de imagens.

2.3 AVALIACAO DE AREAS QUEIMADAS COM DADOS LANDSAT

Foram adquiridas imagens Landsat-8/0LI, no site do Earth Explorer (USGS, 2017), por meio do link https://
earthexplorer.usgs.gov, referentes a drbita/ponto 218/74 que recobre parte da regido do estudo. As
imagens foram escolhidas considerando a menor cobertura de nuvens possivel. Assim, foram adquiridas
4 imagens (setembro e novembro de 2014, agosto e setembro de 2016). Como néo foi possivel encontrar
imagens com auséncia total de nuvens, foram utilizados recortes que obedeciam a essa condicdo, além
de dados com a qualidade do Landsat-8/OLI para verificar a presenca de areas queimadas.

Os valores digitais brutos das imagens foram convertidos em reflectancia aparente para correcao das
imagens, por meio do método de corregdo radiométrica de imagens Landsat/OLI 8, disponibilizado pelo
USGS (United States Geological Survey — Levantamento Geoldgico dos Estados Unidos da América), que
€ baseado nas relacbes propostas por Markham e Barker (1987).

Para reconhecimento das cicatrizes de queimado, sdo calculadas as imagens NDVI cujo célculo (Equagdo 1) é
feito mediante uma operagdo entre as bandas do infravermelho proximo (IR) e a do vermelho (R), partindo
do principio que quanto maior a quantidade de vegetacdo, maior a reflexdo no infravermelho e menor no
vermelho, aumentando o valor da razdo e realgando a vegetacdo (MELO, SALES; OLIVEIRA, 2011).

NDVI = (NIR - R) / (NIR + R) (1)

A partir de imagens NDVI, do periodo anterior a queimada (T1) e do periodo posterior (T2), sdo
calculadas as diferencas dessas imagens (T1-T2) para ajudar na verificacdo das cicatrizes de queimada.

3. RESULTADOS

Figura 2 | Recorte NDVI T1 (agosto de 2014) (a), Recorte NDVI T2 (setembro de 2014) (b) e Recorte imagem diferenga (T1-T2) (c)

Fonte: Elaboragdo propria, baseada em imagens Landsat/OLI 8
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Conforme apresentado na Figura 2, a imagem diferenca permite identificar os pixels onde nao se
registrou diferenca com valores proximos de 0, locais com remogdo de vegetacdo, valores proximos
de 1 e de crescimento de vegetacdo, valores préximos de -1 (CARVALHO; SCOLFORO, 2008), sendo
possivel identificar e demarcar as cicatrizes de queimada por meio de regifes de interesse (ROIl). Com
uso da ferramenta ROl (Region of Interest), disponivel no software Envi, é selecionada uma quantidade
de pixels representativos (pixel semente), a partir de métodos de crescimento de regides baseados na
similaridade dos pixels semente com seus vizinhos, faz-se o delineamento da regido de forma eficiente,
produzindo um contorno otimizado e preciso da cicatriz.

Foram comparadas as quantidades de pixels de areas queimadas pelo Landsat/OLI 8 e pelo Modis, e se as
areas eram correspondentes. Foi possivel notar que todos os poligonos de queimadas encontrados com
base nos dados do sensor Modis também foram identificados nas imagens Landsat/OLI 8, um exemplo é
apresentado na Figura 3. Apesar disso, quando foi verificada a correspondéncia de pixels, observou-se que
os dados Modis conseguiram verificar 72% dos pixels de incéndio em 2014 e 60% dos pixels para 2016.

Figura 3 | Comparagédo de poligonos de queimadas encontrados pelas imagens Landsat/OLI 8 (cores apenas para diferenciar
cada cicatriz de queimada) (a) e pelo sensor Modis (b)

Fonte: Elaboragdo propria, baseada em imagens Landsat/OLI 8
3.1 ANALISE DA OCORRENCIA DE QUEIMADAS

Com os dados de dreas queimadas obtidos pelo produto MCD45A1, foram feitas algumas andlises.
Portanto, foi possivel notar que as estagcbes do ano em que ocorrem mais queimadas sdo o inverno
e a primavera, sendo que no outono registraram-se poucos pontos de queimadas, e no verao nao foi
encontrado nenhum (Figura 4).
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Figura 4 | Area queimada por esta¢des do ano

Fonte: Elaboragdo propria.
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Comparando o total anual (Figura 5), nota-se que o ano de 2014 ganhou destaque como o de maior
incidéncia de queimadas, com 350 km? de area atingida, seguido de 2015, com 81 km? de adrea atingida.
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Figura 5 | Area queimada por ano

Fonte: Elaboragdo propria

Entre os meses (Figura 6), os que tém uma maior concentracdo de queimadas sdo agosto, setembro
e outubro. Deve-se destacar, ainda, que o més de outubro apresentou valor expressivo devido ao ano
de 2014, quando se registraram as ocorréncias em quantidade consideravel de queimadas e atingindo
uma area de aproximadamente 183 km?, sendo o més, de todos os anos estudados, o que apresentou
0 maior valor de area queimada.
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Figura 6 | Area queimada por meses

Fonte: Elaboragdo propria

A partir dos dados do mapeamento do uso e cobertura do solo disponibilizados pelo MapBiomas
(2017), foi possivel fazer uma analise dos tipos de cobertura mais afetados pelo fogo. Os dados foram
cruzados com os dados de areas queimadas do Modis (Figura 7), sendo verificado que as areas mais
afetadas, para os anos de estudo, foram: 33% de queimadas em dreas de Formagdo Florestal, 26% em
areas de pastagem e 12% em areas de mosaico de agricultura e pastagem.
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Figura 7 | Tipos de cobertura do solo onde foram identificados pixels de queimadas durante os anos de estudo

Fonte: Elaboragdo propria
4 DISCUSSOES

Na Figura 8, é possivel compreender melhor os resultados, ja que é apresentada a variacdo da
precipitacdo total durante os anos estudados. E possivel perceber a relagdo entre a precipitacio
e as areas queimadas. No ano de 2014 é identificada uma grande baixa da precipitacdo, ja que a
maior parte dos meses apresentou uma precipitacao total menor que 50 mm. Ja o ano de 2015 foi o
segundo ano com maior indice de queimadas, o que pode ainda ser devido a baixa precipitacao que

o estado estava sofrendo. Em 2016 a quantidade de area queimada diminuiu e isso coincidiu com o
aumento da precipita¢do no ano.
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Figura 8 | Precipitagdo acumulada na RMBH.

Fonte: Elaboragdo propria, baseada em dados da ANA (2018).

E possivel observar a coeréncia dos dados na Figura 4, ja que as estacdes em que ocorrem menores
valores de precipitagdo sdo durante o inverno e a primavera, que sao também as estagdes com maior
indice de queimadas. Nota-se que na primavera registrou-se a maior ocorréncia. Esse fato pode ser
explicado devido a combinacdo de baixa precipitacdo aliada as temperaturas mais altas.

No estudo de Fornazari (2015) citado acima, também é verificado um aumento consideravel de
incidéncia de fogo na regido, nos meses de junho, setembro e outubro, o que vai ao encontro do
observado neste estudo, lembrando que parte da Serra do Cipd esta inserida na RMBH.
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Quanto as areas mais afetadas porincéndios, estdo as dreas florestais, que em sua maioriacompreendem
areas de Mata Atlantica, mostrando a importancia em verificar a ocorréncia de incéndios na regido.
Isso porque é uma regido muito rica em biodiversidade, que acaba se perdendo com a ocorréncia dos
incéndios florestais.

Outras areas muito afetadas sdo as utilizadas para agricultura e pastagem. Isso pode estar relacionado
com as queimas para limpeza de areas, o que pode também estar associado a! ocorréncia de
incéndios em outras regioes.

Ja que o fogo precisa de uma ignicao para iniciar e muitas vezes estd associado a causas humanas, o
fato de ter maior quantidade de incidéncia em épocas mais secas ndo significa que o clima seja o Unico
“culpado”. O que ocorre é que, com a diminuicdo de precipitagdo e a consequente queda na umidade do
ar, hd uma queda na umidade do material combustivel (madeira), o que o torna mais propenso a ignicao.
Além disso, ha queda na umidade do solo, que fica mais propenso a propagar o fogo, queimando areas
maiores, que sdo mais faceis de serem identificadas pelos satélites, ressaltando, assim, a importancia
de maior fiscalizagcdo nessas regides, principalmente em épocas de menor precipitacao.

Quanto a forma de detec¢do de queimadas por satélite, foi constatado que utilizar os dados do sensor
Modis em vez de dados do Landsat/OLI 8 para detec¢do dos locais com area queimada ndo afeta o
resultado, pois os poligonos se sobrepuseram.

Ja a utilizacdo de imagens Landsat, devido a sua melhor resolucdo espacial, consegue identificar
melhor a dimensdo e delimitacdo das dreas queimadas. Cabe destacar, entretanto, que foram utilizados
somente os pixels de maior confiabilidade do sensor Modis (valor 1 do indice ba_ga). Caso fossem
utilizados outros arranjos, considerando indices de menor confiabilidade, seria possivel atingir uma
melhor correspondéncia das areas.

A manipulacdo dos dados Landsat/OLI 8 exige mais tempo e processamento, além de depender do usuario
para a identificagdo das dreas, como apresentado na “figura 2c”, e da sele¢do do pixel semente para
crescimento da drea, enquanto os dados do sensor Modis estdo praticamente prontos para uso direto.

Outra vantagem do sensor Modis em relacdo ao Landsat/OLI 8 é a resolucdo temporal deste, sendo
que o primeiro tem resolucdo de 1 e 2 dias, enquanto o segundo apresenta uma frequéncia de 16 dias
e ainda tem o agravante de ter muitas imagens com presenca de nuvens, o que dificulta a deteccao,
como ocorre em Rodrigues (2014).

5 CONCLUSOES E PERSPECTIVAS FUTURAS

A disponibilidade de informac6es detalhadas e atualizadas sobre as distribuices espaciais (localizacdo
e extensdo) e temporais das areas queimadas é atualmente crucial, ndo sé para a melhor gestdo dos
recursos naturais, mas também para estudos de quimica da atmosfera e de mudancas climaticas.

A grande ocorréncia de queimadas associadas tanto a fatores meteorolégicos quanto antrépicos é uma
preocupacdo crescente, ja que causa impactos na sociedade e no meio ambiente. Portanto, é muito
importante que se desenvolvam trabalhos de pesquisa e estudos cientificos que cooperem com o
monitoramento dos focos e os riscos de incéndio. Observou-se que a maior quantidade de queimadas
ocorreu principalmente nos meses de setembro e outubro, quando foram encontradas maiores
guantidades de areas queimadas. Nessa época do ano, a umidade do ar torna-se baixa e a temperatura
fica mais elevada, o que diminui a umidade no material combustivel e no solo, facilitando a propagacao
de incéndios. Notou-se que as queimadas estdo muito ligadas a ocorréncia de precipitacdo, sendo que
nas épocas de menor ocorréncia desta foram encontradas as maiores quantidades de dreas queimadas.
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Técnicas de sensoriamento remoto sdo importantes no processo de detecgdo de queimadas, ja que se faz
possivel o monitoramento de forma remota, tendo muitos dados de qualidade disponiveis. A opc¢do de
se utilizar dados do sistema Landsat ou dados do sensor Modis para estudos de queimadas depende do
objetivo da aplicagdo. Com uso do primeiro sensor, consegue-se delimitar com melhor precisdo a dimensao
da area queimada, mas a utilizacdo desse método exige mais trabalhos de processamento, além de
referenciais externos, ja que depende de transformagdes radiométricas, calculos de indices de vegetagao
e interpretacado visual de dados das imagens. Além disso, existe a dificuldade de encontrar imagens com
auséncia de nuvens, dependendo da época de interesse. Por outro lado, o produto decorrente do Modis
ndo delimita com a mesma exatiddo o contorno da area queimada, porém identifica bem os lugares
onde os focos ocorreram, sendo de aplicacdo direta, de alta disponibilidade e de facil utilizacdo. Esse
fato favorece amplamente uma gestdo publica, que muitas vezes pode ndo dispor de corpo técnico tdo
capacitado, seja por auséncia de recursos ou por desconhecimentos dos proprios gestores.

Portanto, o produto MCD45A do sensor Modis é um recurso prontamente disponivel, que agrega
rapidez e simplicidade aos estudos de queimadas, particularmente na verificacdo de dreas com maior
risco e no seu monitoramento regular, apresentando vantagens adicionais sobre outros métodos
existentes. Entretanto, ressalta-se que o presente estudo ndo esgota o assunto que é, de fato, muito
amplo e merece mais aprofundamento.

Outra possibilidade é a utilizagdo do Raio de Calor Normalizado (do inglés Normalized Burn Ratio — NBR)
em vez do NDVI em outros estudos. Sugere-se, em outros trabalhos, dividir o estudo em dois periodos do
ano, a saber: precoce (de 16 de outubro a 15 de agosto) e tardio (de 16 de agosto a 15 de outubro). Deve-
se ressaltar que esses periodos utilizados sdo os adotados pelos érgdos gestores na tomada de decisdo
com respeito ao manejo de ocorréncias de incéndios aplicadas as areas protegidas. Novas possibilidades
também incluiriam a realizacdo de outras andlises, de modo a prevenir e combater os incéndios na area
de estudo, tais como: extensdo maxima e média dos incéndios (area atingida) a cada ano; frequéncia de
incéndios (numero de vezes que cada pixel queimou no periodo de andlise), buscando-se identificar as areas
criticas e de maior risco para as areas protegidas correlacionando ao tipo de solo, por exemplo; diferencas
de ocorréncias de incéndio dentro e fora das areas de protegado; e identificagdo das dreas protegidas mais
vulnerdveis aos incéndios (quantificados pela frequéncia dos incéndios e de maior extensao).

Além disso, éimportante validar com dados de campo para verificar se os pixels realmente correspondem
a dreas de incéndio. A disponibilidade de dados de incéndio é uma dificuldade, estes foram solicitados
ao Corpo de Bombeiros e ndo puderam ser disponibilizados por questdes de seguranca. Foi feita uma
tentativa de pedido desses dados ao érgdo responsdvel pelas florestas em Minas Gerais, o Instituto
Estadual de Florestas de Minas Gerais (IEF), e este também ndo possuia esse tipo de dados observados
e computados. Assim, é importante verificar maneiras de monitoramento e registro desses incéndios
para melhorar cada vez mais as técnicas de deteccdo destes.

Os resultados obtidos neste trabalho podem contribuir efetivamente para a prevencao de impactos
socioambientais na regido de estudo e servir de modelo para a aplicagdo em outras regides
metropolitanas visando a sustentabilidade.
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ABSTRACT

The demand for a sustainable transition to energy matrices of lower environmental impact is global and
current. In this sense, the modelling of solar radiation in high spatial resolution is used to assess the
potential of photovoltaic generation on any type of surface and provide information for the planning and
dimensioning of photovoltaic systems. From the technical potential of generation, it is possible to estimate
the systems payback time and the avoided greenhouse gas emissions when adopting photovoltaic energy.
In the quantitative context, the objective of this article was to briefly address the technical methodology
and build a model of solar radiation of EE-IGC-UFMG buildings. In the context of sustainable applications
of the tool, the objective was to address relevant topics, such as the construction of radiation models
and the associated potentials, the application scales, and the difficulties and limitations of the modelling.

GIS. Photovoltaic Energy. Model. Photogrammetry.

RESUMO

A transicdo sustentdvel para matrizes energéticas mais sustentdveis é uma demanda mundial e
atual. Nesse sentido, a modelagem da radiacdo solar em alta resolugdo espacial é utilizada para
avaliar o potencial de geracdo fotovoltaica em qualquer tipo de superficie e fornecer informagoes
para planejamento e dimensionamento de sistemas fotovoltaicos. A partir do potencial técnico de
geragdo, pode-se estimar o tempo de retorno do investimento do sistema fotovoltaico e a quantidade
de gds carbono que deixou de ser emitido ao adotar a energia fotovoltaica. No contexto quantitativo, o
objetivo deste artigo foi abordar brevemente a metodologia técnica e construir um modelo de radiagdo
solar incidente em prédios da EE-IGC-UFMG. No contexto da discusséo das aplicagées sustentdveis da
ferramenta, o objetivo foi tratar de temas relevantes, tais como a construgdo de modelos de radiagdo e
o0s potenciais associados, as escalas de aplicagdo e dificuldades e limitagdes da modelagem.

Palavras-Chave: SIG. Energia Fotovoltaica. Modelo. Fotogrametria.

1 INTRODUCTION

Transforming the global energy matrix, which is mainly characterized by the use of fossil fuels, into
sustainable and renewable is one of the principal ways of meeting the targets stipulated in the Paris
Agreement (UN, 2015; GIELEN et al., 2016; IEA, 2018; FALKNER, 2016; ENCYCLOPAEDIA BRITANNICA
Inc., 2019; HOWARD et al., 2020; MULVANEY et al., 2020; NISBET et al., 2020; TOLLIVER et al., 2020;
and ZHANG et al., 2020), which aims to maintain the increase in global temperatures below the limit of
29C. Within this context, one of the main solutions for achieving targets in the reduction of greenhouse
gas emissions is the distributed generation of photovoltaic electrical energy, given its capacity to
supply electricity from a renewable source directly to users close to the capitation source in urban
environments (FREITAS et al., 2015; ZINK et al., 2015; LEE, 2018; and BESSER et al., 2019).

Photovoltaic energy has a relevant influence on the changing of patterns of energy consumption and
distribution in urban centers, bearing in mind that public policies for the reduction of greenhouse gases
have promoted a drop in the cost of low carbon technologies.

Thus, photovoltaic energy generation systems have begun being of relevant cost-benefit, with drops in
the price of modules on a scale of 10% per year being observed since 1980 (FALKNER, 2016 and FARMER
and LAFOND, 2016). Moreover, in 2012, Brazil adopted Normative Resolution 482/2012 (ANEEL, 2012),
regulating micro and mini-generation of electrical energy through photovoltaic generation, which, in terms
of trends in Brazil, China, E.U.A and the Worldcan be observed in BP (2019) and IEA (2019), for example.

Knowing an urban center’s potential for solar electricity generation, its geospatial distribution, and the
characteristics of the best sites for the deployment of photovoltaic systems could foster public policies
for the development of intelligent, energy sustainable cities. As such, local governments are responsible
for applying strategies that promote efficiency in solar energy production and distribution in their cities
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(SANTOS et al., 2014). In order to facilitate decision-making, administrators should have detailed data on
the urban infrastructure allied to geographic intelligence tools for the elaboration of models and future
scenarios with robust quantitative analyses. Such decision-making should consider environmental and
energy targets, besides directing public policies towards changes in legislation and investment incentives.
The development of solar radiation models in a GIS environment would provide crucial information for
the achievement of the aforementioned items, this being the purpose of this studly.

The specific objectives of the present study are: (i) to apply a solar radiation model algorithm to the
buildings of the Engineering School and the Institute of Geosciences of the Federal University of Minas
Gerais (Escola de Engenharia e do Instituto de Geociéncias da Universidade Federal de Minas Gerais -
EE-IGC-UFMG) due to the topographic differences and variability in standards and constructions of the
buildings; and (ii) to discuss the following relevant aspects in regard to models of photovoltaic potential:
distinct elevation models adopted as input data; the technical, economic, social, and environmental
potential that the solar radiation model could explore; the practical applications for planning and
decision-making; and the use of online tools and the associated difficulties.

The article is introduced by a brief summary of the theoretical basis, in which radiation models and
types of DSM are discussed. Then, the methodology and results obtained in the construction of the
solar radiation model for EE-IGC-UFMG are presented, whereby the greatest innovation is in the use
of DRONE images. Subsequently, discussions related to the models are presented, addressing the
applications and limitations of the technology.

2 MODELS AND ALGORITHMS OF INCIDENT SOLAR RADIATION

Modelling of incident solar radiation can be computed using: (i) geostatistical interpolation or
extrapolation of weather station data (ASSOULINE et al., 2017; ESCOBAR et al., 2015 and Wan et
al., 2015), accuracy being dependent on the density of stations — which is generally insufficient for
the context of solar register; (ii) satellites coupled with thermal sensors (Melius et al., 2013), such as
those of the SoDA, European Solar Radiation Data® project, and that provided by the NREL, National
Renewable Energy Laboratory?, which manage to cover practically the entire planet (more than 95 %).
However, these are limited to an insufficient spatial resolution (they do not reach centimeter precision)
and low accuracy (presenting displacements and low levels of precision); or (iii) mathematical models
associated with modelling on GIS, which is the context of the present study.

The solar models based on GIS can be applied on different scales, such as in various countries, like Australia
(ROBERTS et al. 2018), Sweden (LINGFORS et al., 2017), and Saudi Arabia (ASIF, 2016), in the province of
Salta, in Argentina (Sarmiento et al., 2019), in the city of Berlin (KRUGER and KOLBE, 2012), and in villages
(MAVROMATIDIS et al., 2015). More recently, as a result of advances in the sphere of machine learning
and processing of satellite images, it is worth mentioning solar platforms that have great potential as they
are online, free, and international: Google Sunroo*(recently used by MARTIN-JIMENEZ et al, 2020) and
Mapdwell* (MAPDWELL, 2018, FOX-PENNER, 2020, HEINRICH et al 2020, and LIAO, 2019).

Literature reviews approach the theme considering different application contexts, generation methods,
and solar model calibration techniques. These can be consulted in greater detail in Freitas et al. (2015),
Martin et al. (2015), Yang et al. (2018), Jakica (2018), and Choi et al. (2019).

The solar radiation model contemplates latitude, elevation, roof surface orientation, shade projected
by the surrounding topography, seasonal variation of the trajectory of the sun, and atmospheric
attenuations. Bearing in mind that not all urban infrastructure is suited to the installation of solar
panel systems, due to the projection of shade from other constructions, as well as tree planting in
the surrounding area (LEE, 2018), upon using DSM of the surroundings of an analyzed building it has
to be possible to identify all the characteristics necessary for modelling incident solar radiation. It is
also worth remembering that the more detail captured in the digital elevation model survey, the more

ISSN-e 2179-9067 Sustainability in Debate



realistic the quantification of the influence of projected shade on the reduction of photovoltaic solar
energy production potential. These observations will be considered later in the article.

The GIS tools most commonly used are Solar Analyst of ArcGis and r.sun from GRASS. Both use DSM
- digital matrix files with pixels that possess altitude values - and are employed in the calculation of
solar irradiance on a determined surface. DSMs can be generated through Light Detection and Ranging
(LiDAR) sensors, aerial photogrammetry (including the use of VANTs), or satellite images. In general,
DSMs are used to compute surface elevation, inclination, and orientation, as well as shade caused by
buildings, trees, or physical structures capable of blocking solar rays. Furthermore, DSMs are used in
the solving of solar distance and angle equations foreseen in the models.

3 DSM FOR RADIATION MODELS IN THE GIS ENVIRONMENT

The DSMs used as input data in the solar modelsin GIS can be produced using remote sensing techniques
with the employment of LiDAR sensors, photogrammetry, and satellite image processing. The use of
satellite images to generate DSMs of sufficient resolution to be adopted in photovoltaic energy projects
is recent and lacks studies, according to the knowledge of the authors of the present article. However,
photogrammetry and LiDAR are consecrated technologies for the elaboration of DSMs of sufficient
positional quality and sub-metric spatial resolution for the addressed context (LUDWIG and MCKINLEY,
2010; ZINK et al., 2015; and MOUDRY et al., 2019).

Currently, technology using LiDAR is the most adopted for urban surveys. This uses active sensors
that capture the topographic surface with a much greater wealth of detail of real world elements
(vegetation and construction elements, among others) through the emission ofelectromagnetic pulses
with wavelengths between 10 and 250 nm (Lukac et al., 2016). The survey result consists of a point
cloud, measured in points/m?, which requires post-processing and classification to separate buildings,
roads, structures, and vegetation. This stage is generally carried out by the service provider, who should
present the adopted methodology (LINGFORS et al., 2017).

Photogrammetry is a science that has gained new dimensions with the technological popularization
and advance of VANTs and computational vision algorithms, especially the Structure from Motion —
MultiView Stereo (SfM-MVS) algorithm. In short, to generate DSMs and orthophotos via SfM-MVS,
a photogrammetric flight should be carried out with photos sufficiently overlaid, both frontally and
laterally, so that during computational processing it is possible to identify the common points in
different photos. This enables three-dimensional model formation, whereby these points, containing
three-dimensional information, are then used to compose a dense cloud, which is subsequently
interpolated to generate the DSM and then the orthophoto (COLOMINA and MOLINA, 2014 and
TONKIN and MIDGLEY, 2016). In comparison with the processing in traditional photogrammetry, the
bundle adjustment stage is carried out using SfM-MVS, considering a block of images and not only one
stereoscopic pair (ZINK et al., 2015).

4 CASE STUDY METHODOLOGY
4.1 CONSTRUCTION OF THE LOCAL SOLAR MODEL

The aerophotogrammetric survey was carried out at EE-IGC-UFMG, located in Belo Horizonte,
MG. For an overall idea of the methodology used for construction of the solar model, Figure 1
presents a flowchart with details of each stage. The VANT used in the present study was a DJI
Phantom 4 Professional (P4P).
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ARCGIS Solar
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Figure 1 | General scheme of the developed methodology.

Source: Authors.

4.2 PHOTOGRAMMETRY—=FLIGHT PARAMETERS AND CONTROL POINTS

The program used to plan the photogrammetry flight was the DJI Ground Station Pro (commercial
program), which was also applied in research by Remondino et al. (2012) and Jakica (2018). Flight
parameters, such as altitude, lateral and frontal overlays, and spatial resolution of the orthophoto and
the DSM exported in .tif format are presented in Table 1.

Table 1 | Flight parameters.

Description Configuration
Fkight altitude (m) 85
Sidelap (%) 75
Overlap (%) 80
Orthophoto spatial res. (cm pixel-1) 2.0
DSM spatial res.(cm pixel-1) 50.0

Source: Authors.

A GNSS CHC X91+ geodesic receptor was used for acquisition of the field coordinates of the ground
control points (GCP). The present study adopted the RTK via NTRIP (Networked Transport of RTCM
via Internet Protocol) positioning method, which is described with more detail in Weber et al. (2005),
Dammalage et al. (2006), and Cintra et al (2011), for example.

4.3 PHOTOGRAMMETRY APPLICATION VIA AGISOFTPHOTOSCAN

Photogrammetric processing of aerial images with the final objective of constructing an orthophoto
and a DSM of the surveyed area was carried out using the AgisoftPhotoscan 1.4 program. This program
uses the combination of SfM-MVS algorithms to generate the cloud of three-dimensional points. In
general, photogrammetry programs are considered powerful tools that are efficient, innovative, and of
great impact in the field of remote sensing. For more information on the functioning of the program,
articles by Colomina and Molina (2014) and Remondino et al. (2012) are recommended.
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Nine control points were used, which is enough in terms of mathematical redundancy for more accurate
geo-referencing of a point cloud (Figure 2), and, consequently, of the digital files arising from the same,
such as the DSM and the orthophoto. The points represent a virtual 3D scene, which is invariable
in relation to the scale, direction, and position of the images. The DSM was exported in controlled
resolution of 50 cm/pixel for subsequent computer processing. The DSM and the orthophoto were
then manipulated in the following stages using the ARCGIS 10.4 program. Vectorization of the roofs
was performed manually using the same program.

Figure 2 | Sparse point cloud.

Source: Authors.

4.4 SOLAR RADIATION MODELLING TOOL — ARCGIS SOLAR ANALYST, AVAILABLE
IN THE ARCGIS 10.2 PACKAGE, OR MORE RECENT

The tool adopted in this research was the ARCGIS Solar Analyst, which first creates a set of views to the
sky through calculation of the maximum horizontal angles of obstruction — caused by the topography
and nearby structures. The angles are then converted into a matrix file indicating the hemispherical
vision for each cell of the DSM, called viewshed.

Then, overlaying with the sunmap, showing the position of the sun over time, and the skymap is carried
out; both maps (sunmap and skymap) are available in the closed package of the ArcGIS application,
containing the origin sites of the diffuse radiation. In this operation, the algorithm, available on ArcGIS
Solar Analyst, computes the direct radiation considering whether the sun is visible at a specific time
and place, and simultaneously, the origin of the diffuse radiation. Fu and Rich (1999) addressed the
processing of the Solar Analyst tool in more detail, the most recent version being that used in the
present study. The obtained results were the matrix files that represent the incident radiation on the
surface (KWh/m?) during the time interval, such as annual, monthly, or daily.

The main parameters of the ARCGIS Solar Analyst are latitude, skysize resolution, day and hour intervals,
time configuration, slope and orientation, number of calculation directions, zenith and azimuth angle
intervals, and diffusion and transmissivity coefficients (CHOW et al. 2014). For the case study in question,
standard values of the algorithm were adopted, except for skysize resolution, which was improved to 512
x 512 in order to improve the shading calculation, this being sufficient and demanding more processing.
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5 CASE STUDY RESULTS

5.1 DIGITAL CARTOGRAPHIC PRODUCTS (ORTHOPHOTO AND DSM)

The aerophotogrammetric survey carried out using VANT and supported by control points had an
output file of an orthophoto with spatial resolution of 2 cm/pixel and a DSM of 50cm/pixel, presented in
figures 3 and 4, respectively. Positional quality was verified through comparison of 9 pairs of coordinates
(control points, that is, checkpoints, the general view of the location being presented in the sub-figure
in the bottom right-hand corner, and the closer view, in the region of Belo Horizonte, in the sub-figure
in the top right-hand corner, both without defined scale and used only for location reference, see
figure 3) from the orthophoto and the DSM with those obtained from the more precise collection and
processing from the GNSS geodesic receptor. With mean absolute errors less than 10 cm and standard
deviations less than 13 cm, it can be verified that both possess high accuracy, which is sufficient for the

objective of the present study, as per that already found by Tonkin and Midgley (2016).
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Figure 3 | Orthophoto with spatial resolution of 2 cm/pixel.

Source: Authors.
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5.2 SOLAR RADIATION MAPS

The incident solar radiation on the surface is obtained as a result of the inclination and orientation of the
same. Figures 5 and 6 present this information for the roofs of EE-IGC-UFMG. It can be noted that the
roofs possess different orientations and inclinations, resulting in different results of incident radiation.

608500 ‘ 608750 608800 608850 608900

’i

7802700

Slope

Degree

7802650

7802600

=)
0
I
I
=)
o L
~

7802500

7802450

6085! 608750 608800 608850 608900

Coordinate System: Meters
SIRGAS2000 23 S = ——W—

75 150 300

Figure 5 | Slope of the roofs of EE-IGC-UFMG.

Source: Authors.

On analyzing the radiation maps, it could be noted that some roofs have annual incident radiation of up
to 1800 KWh/m?, as shown in figure 7, the current demand varying and requiring better quantification.
With the DSM resolution used in the computational processing of data, of 50 cm/pixel, it was possible
to identify structures that impede the installation of photovoltaic systems on the roofs, thereby
reducing the available area. It was also possible to observe the influence of shading caused by trees
and neighboring buildings. Moreover, it can be perceived that there is greater solar incidence in the
summer months in comparison with those of the winter.
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Figure 6 | Surface orientation of the roofs of EE-IGC-UFMG.

Source: Authors.
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The main results of the ARCGIS Solar Analyst tool, which are the calculation of global annual and
monthly radiation, are presented in figures 7 and 8.
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Figure? | Global Annual Radiation of EE-IGC-UFMG.

Source: Authors.
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Figure 8 | Global Monthly Radiation of EE-IGC-UFMG.

Source: Authors.

6 DISCUSSION

6.1 LIDAR VS PHOTOGRAMMETRY WITH VANTS

The comparison between photogrammetry and LiDAR has already been the subject of discussion of
various authors. The two technologies are viable for surveys in urban environments for the installation

of photovoltaic systems. In summary, LiDAR surveys have higher relative cost per building and require
greater expertise for operation and processing, and would rarely by contracted for use by a company or
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small city (SZABO et al., 2016). When it comes to large areas, greater than 1 km?, photogrammetry can
be used, but it also demands computational effort and expertise similar to LIDAR (TENEDORIO et al.,
2016). It should be mentioned that for small regions, photogrammetry can generate data periodically,
with spontaneity and low cost.

For the resolution of the DSM inserted into the solar modelling, it can be observed that it is mostly
1.0 m/pixel and was obtained through LiDAR. Moudry et al. (2019) and Schuffer et al. (2015) state
that DSMs with sub metric spatial resolutions are unnecessary as the variation over the year due to
atmospheric conditions is significantly greater than the variation caused by different resolutions. In
contrast, Besser et al. (2019) and Zink et al. (2015) indicate that on DSMs of 1.0 m/pixel it is not possible
to clearly identify the area available for the deployment of photovoltaic systems, as there is no detailed
representation of objects on the roofs that could impede installation, such as chimneys, elevator
housings, and water tanks, among others.

Zink et al. (2015) conclude that the ideal resolution to solve this difficulty is 0.25 m/pixel and they
warn that more detailed resolutions negatively interfere in the slope and orientation calculation matrix
operation of the pixel, leading to false estimations of radiation. Evaluation of the sufficient resolution
for identification of structures and the computational demand is recommended, which basically
depends on the desired resolution and the size of the surveyed area. In the present study, 0.50 m/pixel
was adopted, but more sensitive exploration of the variation in resolution is necessary.

6.2 THEORETICAL, TECHNICAL, ECONOMIC, SOCIAL, AND ENVIRONMENTAL
POTENTIAL

The matrix file of the solar radiation model is expressed in KWh/m?. A hierarchical methodology
commonly adopted by various authors to transform theoretical potential into technical and economic
potential is presented by lzquierdo et al. (2008). It consists of three stages: (i) the physical potential
(theoretical), which is the solar radiation sum total; (ii) the technical potential (electrical, geographic, or
urban), which reports the available area by roof and the efficiency and performance of the photovoltaic
panel during the transformation of solar energy into electrical energy; (iii) the economic potential, which
considers the cost of the photovoltaic system during its life cycle, which is basically the deployment and
maintenance costs, local electricity prices, and the time for return on investment (ASSOULINE et al.,
2017; CHENG et al., 2018; and MARTIN et al., 2015).

The technical potential has adequate precision when the DSM has enough resolution to represent the
morphologies of the buildings, the urban arrangement, and the incidental shading, as well as identifying
structures on the roofs (La Gennusa et al., 2011), such as the presence of elevator housings and water
tanks, among others. Another relevant detail is the correct use of algorithms for the segmentation and
extraction of roofs on aerial orhighresolution satellite images, so that the measurement of the area
available for deployment of photovoltaic (PV) panels on roofs is as close as possible to reality. GIS is also
used for this crucial stage. The revision proposed by Crommelynck et al. (2016) discusses techniques
for the vectorization of roofs in photogrammetric surveys with VANTs, while Camargo et al. (2018) used
the open tool of PKTools, and Ninsawat and Hossain (2016) used eCognition software to carry out roof
segmentation. It is also worth highlighting the work carried out by Faria (2017).

The efficiency and performance of the photovoltaic system will depend on the model, inverter, and
time of use, as indicated by Wigiton et al. (2010) and Lukac et al. (2014). Non-linearity is a factor
inherent to the semi-condutor materials that make up the photovoltaic panel and to the maximum
points of inversion (LUKAC et al., 2014). Thus, the more information in respect to the efficiency of the
adopted material (organic, amorphous silicon, monocrystalline or polycrystalline, etc), the greater the
accuracy of the estimation of energy produced, and, consequently, the better the strategic planning
will be. For example, monocrystalline and polycrystalline silicon panels have more than double the
efficiency of the others cited (BERGAMASCO and ASINARI, 2011).
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Other authors have considered it relevant to work with the information generated by the solar radiation
model to evaluate the possible environmental impacts (IZKARA et al., 2019, DESTHIEUX et al., 2018, and
NOWACKA and REMONDINO, 2018). Through the electrical-energy generation potential it is possible to
obtain the quantity of CO2 that would have been emitted, if a fossil fuel had been used as a source of
energy (PENG et al. 2013), also known as carbon equivalent, or CO2e. Esclapés et al. (2014) define the
conversion rate as 0.60 KgCO2e / KWh produced, while Lukac et al. (2016) estimated 0.53 KgCO2e / KWh.

With this information, public administration has quantitative data to develop environmental policies
combatting climate change (CAMARGO et al., 2015) and can include CO2e arising from distributed
microgeneration in environmental targets. Mavromatidis et al. (2015) state that in the case of absence
of environmental policies, it is common to follow economic criteria in decision-making processes.

Regarding the social dimension, two approaches proposed by Swam and Ugursal (2009) can be highlighted;
top-down and bottom-up. The first consists of considering residential sectors in blocks, whereas the
second consists of individually evaluating the final consumers. The scale and purpose of mapping solar
radiation defines which approach to adopt. Santos et al. (2014) estimated the energy demand of each
building and classified the buildings into groups based on mean local demand per capita, volumes, area and
height of the buildings, and population distribution. Wigiton et al. (2010) adopted population density and
roof-area demand per capita to quantify photovoltaic potential in Ontario (Canada) for public renewable
energy policies. Gooding et al. (2013) established socioeconomic criteria such as income, education,
environmental awareness, quantity of buildings, and owners to identify places with greater potential. In a
study on microgeneration diffusion using solar tools, Kauzika et al. (2017) also indicated four social criteria
of greater relevance to harnessing photovoltaic potential on buildings: income, property value, neighbors
that already have photovoltaic panels, and energy consumption.

6.3 APPLICATION OF THE SOLAR RADIATION MAP

The availability of data on photovoltaic energy has been increasing, as has the number of cities making
this information available. When it comes to sustainable targets, modelling the phenomenon of solar
radiation on roofs is interesting to public administrators and investors looking to integrate urban
planning and microgeneration (Fonseca et al., 2015).

Therefore, town planners and public administrators require a comprehensive vision of the opportunities
and the cost-benefit to optimize energy performance of the buildings. They also have the responsibility
to reveal and effectively communicate to the population the information on photovoltaic and economic
potential, in order to maintain the population informed and shorten the energy transition at the site.
Notably, solar models on GIS are tools that should be exploited to meet these demands. Castellanos, et
al. (2017) maintain that having precise, accessible tools of easy understanding to evaluate photovoltaic
potential is expected for the development of suitable public policies. They also warn that policy
decisions are difficult, as administrators depend on generic information from low-resolution solar
models, or they need to invest high amounts in researching a certain area in high resolution.

According to Santos et al. (2014), basic planning for investment in photovoltaic systems should contain
information in relation to energy demand and generation capacity. Furthermore, adopting a bottom-
up approach, of building discretization, is essential to whole scale planning. For this, it is necessary to
model the urban environment, incident solar radiation, and the areas available on the roofs. In general,
public interest is in increasing the participation of microgeneration and private interest is in deploying
photovoltaic systems to generate profit (CAMARGO et al., 2015).

More recently, authors have analyzed the energy situation more deeply, considering the maximization
of the participation of microgeneration in the electricity network and the minimization of investment
(MAVROMATIDIS et al., 2015; CAMARGO et al., 2015; and LINGFORS et al., 2017) rather than the direct
analysis of maximum potential capacity based on technical criteria. Objectively deciding the appropriate
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penetration percentage and having a concrete plan to achieve it is, without doubt, a contribution to
shaping energy sustainability and optimizing use of space.

However, the excessive increase in the participation of microgeneration can be harmful to the entire
sector, which will be discussed in the next section. It is important to present studies that quantify the total
area that is suitable for the installation of photovoltaic systems, such as that of Hofierka and Kariuk (2009),
who classified 59% of the available roof area in Bardejov, Slovakia, as suitable, 39% being residences. In
a study in the district of Gangnam in Seoul, South Korea, Lee et al. (2018) classified buildings into four
categories, using photovoltaic potential and profitability as technical and financial criteria respectively.

In the context of a city’s sustainable transition, Radzi and Droege (2013) recommend mapping
renewable energy capacity and energy flows, and understanding which roofs and open spaces are
available for deployment of renewable systems of conversion into electrical and thermal energy as a
basis for achieving energy independence, in a structured and purposeful manner. Moreover, De Waal
and Stremke (2014) recommend solar models as tools that can provide the first steps in the debate
on energy transition and precede and support the creation of spatial scenarios and strategic visions.
Desthieux et al. (2018) justify that the developed online tool has the main aim of promoting energy
transition on a local scale in Geneva, Switzerland.

In the context of solar mapping in urban areas, there is a trend in the adoption of online tools with an
easily-understood interface for vectoringroofs to compose a solar register and for presenting objective
data. Besser et al. (2019) state that this approach results in more rational, effective decisions, and the
population easily obtain transparent information. Freitas et al. (2015) consider that the final stage in an
evaluation of photovoltaic potential is the development of an online platform. Such platforms include:
Kriger and Kolbe (2012); Jakubiec and Reinhart (2013) - which resulted in the Mapdwell project;
Desthieux et al.(2018); Roberts et al. (2018) — which resulted in the APVI Solar Potential Tool (SunSPoT)
project; and Izkara et al. (2019).

Websites should define their target public, adapt their content to the final consumer, and avoid hiding
information or losing information quality. Besser et al. (2019) list five main duties of an online platform:
(i) identification of roof parts available for photovoltaic system installation and annual production
capacity; (ii) definition of the size of available area (m?), potential installation capacity (MW) and potential
generation capacity (MWh), and environmental and economic indicators; (iii) visualization of colored
maps of potentials and graphs related to photovoltaic generation and economy for each roof; (iv) making
information available in reference to each roof, such as orientation and inclination, among others that
assist in the installation and design of the photovoltaic system; and (v) generation of PDF or CSV reports.

6.4 DIFFICULTIES AND LIMITATIONS

Despite GIS solar models being considered administration tools that solve problems and clarify decisions,
they still present aspects and methodologies that are being perfected and optimized. Quantification
of the maximum penetration of photovoltaic energy into the electricity grid, solar model calibration,
extrapolation from solar models with dubious resolution, the relatively high costs of LiDAR surveys, and
the lack of efficient communication with the target public can all be cited as examples.

One of the greatest difficulties the photovoltaic sector still confronts is the imbalance between
electrical energy generation and consumption through the day. The obvious solution would be to
export electricity to the electricity grid, however, for cases in which there is high photovoltaic energy
penetration into the grid, this excess electricity would cause instabilities in the distribution and reduce
the quality of the service, besides reducing the electrical energy tariff due to the high offer (JANKO et
al., 2016; and TONKOSKI et al., 2012).
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In addition, in the financial analysis, the combination of temporal gaps between production and
consumption and the phenomenon of high penetration lead to a reduction in investment values and an
increase in the time for a return on investment, as the cost of energy is reduced with high offer during the
day while in the hours of highest consumption - at night, when tariffs are higher — there is no generation
of photovoltaic energy (CAMARGO et al., 2018). Camargo et al. (2018) conclude that photovoltaic energy
participation in the grid of around 20% does not generate considerable impact on the distribution and
reliability of the electricity grid, whereas over 40% results in a dropin quality indicators and reliability.

Also, they state that establishing targets for a specific location requires technical and economic factor
analyses to define the limit of photovoltaic participation. In a similar study, but with a village as
example, Mavromatidis et al. (2015) indicate 29% as the ideal participation value so that the maximum
energy demand is satisfied with the inclusion of photovoltaic generation, without the necessity to store
energy. However, 58% would be the ideal participation, if there were storage, meaning that all the
energy demand would be supplied by photovoltaic energy.

Regarding model calibration, Szewczyk (2018) presents calibration of cloud presence in the GRASS r.sun
model and warns that in relation to the solar register, the two biggest difficulties are obtaining three-
dimensional data of the urban area and the insertion of information in respect to nebulosity over
the year. This was the case of Roberts et al. (2018), who used ARCGIS Solar Analyst and data from
NREL for calibration, while Szewczyk (2018) adjusted the GRASS r.sun model using data from the SoDa
project and pointed out that the algorithm is precise for days with clear sky, even without adjustment.
Adjusting the GIS models using ground data or data from satellites with thermal sensors is extremely
relevant for energy, financial, environmental, and policy planning to be developed based on real values,
avoiding excesses or losses in private projects or larger scale projects.

It is worth mentioning a comparative study carried out by Castellanos et al. (2017), in which solar
models based on LiDAR found in reviewed literature are compared with solar models based on satellite
data, and therefore of lower resolution, such as Google Sunroof, Mapdwell, and that of the International
Energy Agency. The principal results indicate variations of up to 207% between low resolution models
and 115% between models of different resolutions. They also computed the percent error, accounting
for differences greater than 300%. Therefore, the decision-makers are found in a difficult position, as
they are dependent on low accuracy information, or will have to invest in LiDAR research, which is
recognized for its high cost (CASTELLANOS et al., 2017).

Another barrier that has been discussed by authors is the functionality of the tool in the face of
practicality and acceptance and participation of the target public. Jakica (2018), after reviewing
hundreds of solar models, highlights the low quality in the dynamic visualization of information and
criticizes the low availability of open-source algorithms. Wijeratne et al. (2018) reviewed 27 programs
and applications of solar system design and management and indicated 14 problems related to the
tools. It is worth highlighting: (i) the lack of meteorological data with low time intervals between the
samples, high-quality 3D modelling, and roof individualization; (ii) the lack of local data on products
and services related to the photovoltaic sector; (iii) the lack of information in relation to tariffs and
financial analysis; (iv) the lack of information in relation to government incentives; and (v) program and
application interfaces not being user friendly.

7 CONCLUSION

This article achieved its aims of constructing a solar radiation model for the buildings of EE-IGC-UFMG
and discussing relevant aspects in respect to models of photovoltaic potential, such as the distinct
elevation models adopted as input data; the technical, economic, social, and environmental potential
that solar radiation modelling can explore; the practical applications for planning and decision-making;
and use of online tools and certain associated difficulties.
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It is suggested that this type of study, which is mostly based on geographical aspects of the region, is
added to multi-criteria analyses that consider CO2 emission reduction targets, the cost of the tariff and
the forms of financing, capacity of the electrical energy distribution system, and the energy demand,
forming a robust data set for decision-making by private and public sector administrators. It should
be emphasized that estimating the photovoltaic potential on buildings supports financial, energy, and
environmental planning to meet social demands on a local scale.

For future research, the authors of this article plan to expand the application of solar models to the
entire UFMG campus or to a small city, besides investigating further the applications and potentials
addressed throughout the text.

NOTES

1 | European Solar Radiation Data: http://www.soda-is.com
2 | National Renewable Energy Laboratory: https://maps.nrel.gov/nsrdb-viewer
3 | Google Sunroof: https://www.google.com/get/sunroof

4 | Mapdwell: https://www.mapdwell.com/en/solar
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RESUMO

A transicdo sustentdvel para matrizes energéticas mais sustentaveis € uma demanda mundial e atual.
Nesse sentido, a modelagem da radiacdo solar em alta resolucdo espacial é utilizada para avaliar
o potencial de geracdo fotovoltaica em qualquer tipo de superficie e fornecer informagdes para
planejamento e dimensionamento de sistemas fotovoltaicos. A partir do potencial técnico de geracao,
pode-se estimar o tempo de retorno do investimento do sistema fotovoltaico e a quantidade de gas
carbénico que deixou de ser emitido ao adotar a energia fotovoltaica. No contexto quantitativo, o
objetivo deste artigo foi abordar brevemente a metodologia técnica e construir um modelo de radiacdo
solar incidente em prédios da EE-IGC-UFMG. No contexto da discussdo das aplicacGes sustentdveis da
ferramenta, o objetivo foi tratar de temas relevantes, tais como a constru¢ao de modelos de radiagdo e
0s potenciais associados, as escalas de aplicacdo e dificuldades e limitacdes da modelagem.

SIG. Energia Fotovoltaica. Modelo. Fotogrametria.

ABSTRACT

The demand for a sustainable transition to energy matrices of lower environmental impact is global
and current. In this sense, the modeling of solar radiation in high spatial resolution is used to assess the
potential of photovoltaic generation on any type of surface and provide information for the planning
and dimensioning of photovoltaic systems. From the technical potential of generation, it is possible
to estimate the systems payback time and the avoided greenhouse gas emissions when adopting
photovoltaic energy. In the quantitative context, the objective of this article was to briefly address
the technical methodology and build a model of solar radiation of EE-IGC-UFMG buildings. In the
context of sustainable applications of the tool, the objective was to address relevant topics, such as
the construction of radiation models and the associated potentials, the application scales, and the
difficulties and limitations of the modeling.

Keywords: GIS. Photovoltaic Energy. Model. Photogrammetry.

1 INTRODUCAO

Transformar a matriz energética global, majoritariamente pautada no uso de combustiveis fosseis, em
sustentavel e renovavel é uma das principais formas de alcangar as metas estipuladas pelo Acordo de
Paris (FALKNER, 2019; GIELEN et al. 2016; IEA, 2018; UN, 2015), as quais visam manter o aumento nas
temperaturas globais abaixo do valor limite de 22C. Nesse contexto, uma das principais solucbes para
atingir as metas de redugdo da emissdo de gases de efeito estufa é a geragdo distribuida de energia
elétrica fotovoltaica, tendo em vista sua capacidade de fornecer eletricidade a partir de uma fonte
renovavel e suprir diretamente os usuarios proximos a fonte de captacdo em ambiente urbano (BESSER
et al., 2019; FREITAS et al., 2015; LEE, 2018; ZINK et al., 2015).

A energia fotovoltaica tem relevante influéncia na mudanca dos padrdes de consumo e distribuicdo
energética em centros urbanos, tendo em vista que as politicas publicas para reducdo da emissao de
gases de efeito estufa promoveram a queda nos custos para as tecnologias de baixo carbono. Assim,
os sistemas de geracdo de energia fotovoltaicos comegaram a possuir custo-beneficio relevante, sendo
observadas as quedas nos pregos de modulos fotovoltaicos na escala de 10% ao ano, desde 1980
(FALKNER, 2016; FARMOR; LAFOND, 2016). Além disso, no Brasil, foi adotada em 2012 a Resolucdo
Normativa 482/2012 (ANEEL, 2012) que regulamenta a micro e a minigeracdo de energia elétrica por
meio de geracdo fotovoltaica.

Saber o potencial de geracdo elétrica solar de um centro urbano, sua distribuicdo geoespacial e as
caracteristicas dos melhores lugares para a implementacao de sistemas fotovoltaicos pode fomentar
politicas publicas para o desenvolvimento de cidades inteligentes e energeticamente sustentdveis. Para
tanto, os governos locais sdo responsaveis por aplicar, em suas cidades, as estratégias que fomentam a
eficiéncia na producdo e distribuicao de energia solar (SANTOS et al., 2014).
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Para facilitar a tomada de decisdo, os gestores devem possuir como base de informagdao dados
detalhados sobre a infraestrutura urbana, aliados as ferramentas de inteligéncia geografica, para a
elaboracdo de modelos e cenarios futuros com andlises quantitativas e robustas. Tais tomadas de
decisdo devem considerar as metas ambientais e energéticas, bem como direcionar politicas publicas
para mudancas em legislacdes e incentivos ao investimento. O desenvolvimento de modelos solares
de radiagdo em ambiente de Sistema de Informagdes Geograficas (SIG) é uma informacgao crucial para
atingir os itens supracitados, que é o sentido desta pesquisa.

Os objetivos especificos desta pesquisa sdo dois: (i) aplicar um algoritmo de modelo solar de radia¢éo para
os prédios da Escola de Engenharia e do Instituto de Geociéncias da Universidade Federal de Minas Gerais
(EE-IGC-UFMG) e (ii) discutir os seguintes aspectos de relevancia no tocante aos modelos de potencial
fotovoltaico: distintos modelos de elevacdo adotados como dado de entrada; os potenciais técnico,
econdmico, social e ambiental que a modelagem da radiacdo solar pode explorar; as aplicages praticas
para planejamento e tomada de decisdo; uso de ferramentas on-line e algumas dificuldades associadas.

O artigo é introduzido inicialmente por uma breve fundamentacao tedrica, onde sdo abordados os modelos
de radiagdo e tipos de Modelos Digitais de Superficie (MDS). Em seguida, apresentam-se a metodologia
e resultados obtidos na construgdo no modelo de radiacdo solar para a EE-IGC-UFMG. Na sequéncia
apresentam-se as discussoes relativas aos modelos, abordando aplicacdes e limitacdes da tecnologia.

2 MODELOS E ALGORITMOS DE RADIAGAO SOLAR INCIDENTE

A modelagem da radiagdo solar incidente pode ser computada por: (i) interpolagdo ou extrapolagdo
geoestatistica de dados de estacdes meteoroldgicas (ASSOULINE et al., 2017, ESCOBAR et al., 2015,
WAN et al., 2015), sendo a precisdo dependente da densidade de estacdes — geralmente insuficiente
para o contexto de cadastro solar; (ii) satélites acoplados com sensores termais (MELIUS et al., 2013),
como, por exemplo, os projetos SoDA, European Solar Radiation Data’, e o provido pelo NREL, National
Renewable Energy Laboratory?, que conseguem abranger praticamente todo o planeta. No entanto,
estes sdo limitados a resolugdo espacial insuficiente e pouca acuracia; ou (iii) modelos matematicos
associados a modelagem em SIG, que é o contexto desta pesquisa.

Os modelos solares baseados em SIG podem ser aplicados em diferentes escalas, como, por exemplo,
em diversos paises, tal como na Australia (ROBERTS et al., 2018), na Suécia (LINGFORS et al., 2017), na
Arabia Saudita (ASIF, 2016), na provincia de Salta, na Argentina (SARMIENTO et al., 2019), na cidade
de Berlim (KRUGER; KOLBE, 2012) e em vilarejos (MAVROMATIDIS et al., 2015). Mais recentemente,
em fungdo de avancos na esfera do aprendizado de maquinas e processamento de imagens de satélite,
vale ressaltar as plataformas solares que possuem grande potencial, por serem on-line, gratuitas e
internacionais: Google Sunroof? e Mapdwell*.

As revisoes de literatura abordam o tema considerando diferentes contextos de aplicacdo, metodologias
de geragdo e técnicas de calibracdo de modelos solares, podendo ser consultadas para maiores detalhes
em Choi et al. (2019), Freitas et al. (2015), Jakica (2018), Martin et al. (2015) e Yang et al. (2018).

0O modelo da radiagdo solar contempla latitude, elevacao, orientacao da superficie do telhado, sombras
projetadas pela topografia ao redor, a variagdo sazonal do trajeto do Sol e as atenuacdes atmosféricas.
Tendo em vista que nem todas as infraestruturas urbanas sdo aptas a instalacdo de sistemas de painéis
solares, devido a projecao de sombras de construcdes, bem como da arborizagdo nas proximidades
(LEE, 2018), tem-se que, ao se utilizar o MDS do entorno de uma edificacdo analisada, é possivel
identificar todas as caracteristicas necessarias para a modelagem da incidéncia de radiacdo solar. Vale
ressaltar, ainda, que quanto mais detalhe for captado no levantamento do modelo digital de elevacgao,
mais realista serd a quantificacdo da influéncia das sombras projetadas na reducdo do potencial de
producdo de energia solar fotovoltaica.
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As ferramentas de GIS mais comumente utilizadas sdo o Solar Analyst do ArcGis e o r.sun do
GRASS. Ambas utilizam MDS - arquivos digitais matriciais com pixels que possuem valores de
altitudes — e sdo empregados no cdlculo da irradiancia solar em uma determinada superficie. Os
MDSs podem ser gerados através de sensores Light Detection And Ranging (LiDAR), fotogrametria
aérea tripulada, fotogrametria com Veiculos Aéreos Ndo Tripulados (VANTs) ou imagens de
satélites. De modo geral, os MDSs sdo utilizados para computar a elevagdo, inclinagdo e orientagdo
de superficies, bem como os sombreamentos causados por prédios, drvores ou estruturas fisicas
capazes de bloquear os raios solares. Além disso, empregam-se na solucdo das equacdes de
distancias e angulos solares previstas nos modelos.

3 MDS PARA MODELOS DE RADIACAO EM AMBIENTE SIG

Os MDSs utilizados como dado de entrada nos modelos solares em SIG podem ser produzidos por
técnicas de sensoriamento remoto, com o emprego de sensores LiDAR, fotogrametria e processamento
de imagens de satélites. O uso de imagens de satélites para gerar MDSs de resolucdo suficiente
para adotar em projetos de energia fotovoltaica ainda é recente e carece de estudos. Entretanto, a
fotogrametria e o LiDAR sdo tecnologias consagradas para levantamento de MDSs de qualidade
posicional e resolugdo espacial submétricas, suficientes para o contexto abordado (LUDWIG; MCKINLEY,
2010; MOUDRY et al., 2019; ZINK et al., 2015).

Atualmente, a tecnologia com emprego do LiDAR é a mais adotada para levantamentos urbanos.
Estes contém sensores ativos que capturam a superficie topografica com bastante detalhe por meio
da emissdo de pulsos eletromagnéticos com comprimentos de onda entre 10 e 250 nm (LUKAC et al.,
2014). O resultado do levantamento consiste em uma nuvem de pontos, medida em pontos/m?, que
necessita de pds-processamento e classificacdo de modo a separar as edificagGes, as ruas, as estruturas
e a vegetacdo. Esta etapa geralmente é realizada pelo provedor do servico, que deve apresentar a
metodologia adotada (LINGFORS et al., 2017).

A fotogrametria é uma ciéncia que ganhou novas dimensdes com a popularizagdo e avango
tecnoldgico dos VANTs e algoritmos de visdo computacional, principalmente o algoritmo Structure
from Motion — MultiView Stereo (SfM-MVS). Resumidamente, para gerar MDSs e ortofotos via
SfM-MVS, deve-se realizar voo fotogramétrico com fotos suficientemente sobrepostas de maneira
frontal e lateral, para que durante o processamento computacional seja possivel identificar os
pontos em comum em diferentes fotos.

Isso possibilitaaformacdodomodelotridimensional, sendo que esses pontos, contendoinformacées
tridimensionais, sdo entdo utilizados para compor uma nuvem mais densa, que posteriormente é
interpolada para gerar o MDS e, em sequéncia, a ortofoto (COLOMINA; MOLINA, 2014; TONKIN;
MIDGLEY, 2016). Em comparagcdo com o processamento na fotogrametria tradicional, a etapa de
bundle adjustment é realizada pelo SfM-MVS, considerando um bloco de imagens, e ndo apenas
um par estereoscépico (ZINK et al., 2015).

4 METODOLOGIA DO ESTUDO DE CASO

4.1 CONSTRUCAO DO MODELO SOLAR LOCAL

O levantamento aerofotogramétrico foi realizado na EE-IGC-UFMG, localizados em Belo Horizonte, MG.
Para se ter uma ideia mais global da metodologia da constru¢do do modelo solar, é apresentado o

fluxograma da Figura 1, sendo o detalhe de cada etapa apresentado no decorrer do texto. O VANT
utilizado nessa pesquisa foi o DJI Phantom 4 Professional (P4P).
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Figura 1 | Esquema geral da metodologia desenvolvida.

Fonte: Autores

4.2 FOTOGRAMETRIA — PARAMETROS DE VOO E PONTOS DE CONTROLE
O programa utilizado para o planejamento de voo fotogramétrico foi o DJI Ground Station Pro. Os
parametros de voo, tais como altitude, sobreposicdes lateral e frontal e a resolucdo espacial da ortofoto

e do MDS exportados em formato .tif sdo apresentadas na Tabela 1.

Tabela 1 | Parametros dos voos.

Descrigéio Configuragdo
Altura do voo (m) 85
Sidelap (%) 75
Overlap (%) 80
Res. espacial ortofoto (cm pixel-1) 2,0
Res. espacial MDS (cm pixel-1) 50,0

Fonte: Autores

Para a aquisicdo das coordenadas em campo dos pontos de controle em solo (PCS) foi utilizado um
receptor geodésico GNSS CHC X91+. Nessa pesquisa, adotou-se o método de posicionamento RTK via
NTRIP (Networked Transport of RTCM via Internet Protocol), o qual é descrito com mais detalhe em
Cintra et al. (2011), Dammalage et al. (2006) e Weber et al. (2005), por exemplo.

4.3 APLICACAO DA FOTOGRAMETRIA VIA AGISOFT PHOTOSCAN

O processamento fotogramétrico de imagens aéreas com objetivo final de construcdo de ortofoto e
MDS da area levantada foi realizado empregando o programa Agisoft Photoscan 1.4. Esse programa
utiliza a combinac¢do dos algoritmos SfM-MVS para gerar a nuvem de pontos tridimensionais. De modo
geral, os programas de fotogrametria sdo considerados ferramentas poderosas, eficientes, inovadoras
e de grande impacto no campo do sensoriamento remoto. Para saber mais sobre o funcionamento do
programa, recomendam-se os artigos de Colomina e Molina (2014) e Remondino et al. (2012).

Foram utilizados 11 pontos de controle para georreferenciamento mais acurado da nuvem de pontos
(Figura 2), e, consequentemente, dos arquivos digitais dela oriundos, como o MDS e a ortofoto. Os
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pontos representam uma cena virtual 3D, invariavel em relagdo a escala e direcdo e posi¢ao das imagens.
O MDS foi exportado em resolu¢do controlada de 50 cm/pixel para processamentos computacionais
posteriores. O MDS e a ortofoto foram entao manipulados nas etapas seguintes utilizando o programa
ARCGIS 10.4. A vetorizagao dos telhados foi feita de modo manual no mesmo programa.

Figura 2 | Nuvem esparsa de pontos.

Fonte: Autores

4.4 FERRAMENTA DE MODELAGEM DA RADIACAO SOLAR INCIDENTE — ARCGIS
SOLAR ANALYST

A ferramenta adotada nessa pesquisa foi o ARCGIS Solar Analyst, que inicialmente cria um conjunto
de vistas para o céu por meio do célculo dos maximos angulos horizontais de obstrucdo — causados
pelas topografias e estruturas préximas. Os angulos sdao entdo convertidos para um arquivo matricial
indicando a visdo hemisférica para cada célula do MDS, chamado de viewshed.

Em seguida, realizou-se a sobreposicdo com o mapa solar, sunmap, que mostra a posi¢ao do Sol ao
longo do tempo, e o mapa do céu, skymap, contendo os sitios de origem da radiacdo difusa. Nessa
operagao, o algoritmo computa a radiacao direta considerando se o Sol é visivel em um local e
tempo especifico, e, simultaneamente, a origem da radiac¢do difusa. Fu e Rich (1999) abordam com
mais detalhe o processamento da ferramenta Solar Analyst. Os resultados obtidos foram os arquivos
matriciais que representam as radia¢des incidentes na superficie (KWh/m?) durante intervalo de
tempo, como anual, mensal ou diario.

Os principais parametros do ARCGIS Solar Analyst sao: latitude, resolucao do skysize, intervalos de dia
e hora, configuracdo de tempo, declividade e orientacdao, nimero de direcdes de cdlculo, intervalos
do angulo zénite e azimute, e coeficientes de difusdo e transmissividade (CHOW et al., 2014). Para
o estudo de caso em questdo, adotaram-se os valores padrdes do algoritmo, exceto a resolugao do
skysize que foi aumentada para 512 x 512 para aprimorar o calculo de sombreamento.
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5 RESULTADOS DO ESTUDO DE CASO

5.1 PRODUTOS CARTOGRAFICOS DIGITAIS (ORTOFOTO E MDS)

O levantamento aerofotogramétrico realizado com VANT e apoiado com pontos de controle teve como
arquivo de saida a ortofoto com resolucdo espacial de 2 cm/pixel e MDS de 50 cm/pixel, apresentados
nas figuras 3 e 4, respectivamente. Foi verificada a qualidade posicional por meio da comparagdo de
11 pares de coordenadas da ortofoto e do MDS com as obtidas a partir da coleta e processamento
mais acurado a partir do receptor GNSS geodésico. Com erros médios absolutos menores que 10 cm
e desvios padrdao menores que 13 cm, verifica-se que ambos possuem alta precisdo, suficiente para o

objetivo dessa pesquisa, conforme o que ja foi constado também em Tonkin e Midgley (2016).
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Figura 3 | Ortofoto com resolugdo espacial de 2 cm/pixel.

Fonte: Autores
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Figura 4 | Modelo Digital de Superficie de resolugdo espacial de 50 cm/pixel.

Fonte: Autores
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5.2 MAPAS DE RADIACAO SOLAR

A radiacdo solar incidente sobre uma superficie é obtida em fungdo da inclinacdo e orientacdo desta. As
figuras 5 e 6 apresentam essas informagdes para os telhados da EE-IGC-UFMG. Pode-se notar que os telhados
possuem diferentes orientacdes e inclinagdes, resultando em diferentes resultados de radiacdo incidente.
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Figura 5 | Declividade dos telhados da EE-IGC-UFMG.

Fonte: Autores
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Figura 6 | Orientacgdo da superficie dos telhados da EE-IGC-UFMG.

Fonte: Autores

Os principais resultados da ferramenta do ARCGIS Solar Analyst, que sdo o calculo da radiacdo global
anual e mensal, sdo apresentados nas figuras 7 e 8.
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Figura 7 | Irradidncia global anual da EE-IGC-UFMG.

Fonte: Autores
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Figura 8 | Irradidncia global mensal da EE-IGC-UFMG.

Fonte: Autores

Ao analisar os mapas de radiagao, foi possivel notar que alguns telhados possuem radiagao incidente
anual de até 1800 KWh/m?. Com a resolucdo do MDS utilizado, de 50 cm/pixel, foi possivel identificar
estruturas que impediriam a instalacdo de sistemas fotovoltaicos nos telhados, reduzindo assim
a area disponivel para tal. Também foi possivel notar a influéncia do sombreamento causado por
arvores e prédios vizinhos. Percebe-se também a maior incidéncia solar nos meses de verdo em
comparagao com os de inverno.
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6 DISCUSSAO
6.1 LIDAR VS FOTOGRAMETRIA COM VANTS

A comparagdo entre a fotogrametria e o LiDAR ja foi alvo de discussdo de diversos autores. As duas
tecnologias sdo vidveis para levantamentos em ambientes urbanos para instalagdo de sistemas
fotovoltaicos. Em suma, levantamentos LiDAR tem o maior custo relativo por prédio e requer maior
expertise para operagdo e processamento, dificilmente seria contratado por uma empresa ou uma
pequena cidade (SZABO et al., 2016). Ao se tratar de grandes areas, maior que 1 km?, a fotogrametria
pode ser utilizada, mas também exige esforco computacional e expertise similar ao LIDAR (TENEDORIO
et al., 2016). Vale destacar que, para pequenas regides, a fotogrametria pode gerar dados de maneira
periddica, com espontaneidade e baixo custo.

Ha de se atentar para a resolucdo do MDS inserido na modelagem solar, que em sua maioria é de 1,0 m/
pixel e obtido via levantamento LiDAR. Moudry et al. (2019) e Schuffer et al. (2015) apontam que MDSs
com resolugdes espaciais submétricas sdo desnecessdrios, pois a variagao ao longo do ano devido as
condicBes atmosféricas é significativamente maior que a variacdo causada pelas diferentes resolucdes.

Em oposicdo, Besser et al. (2019) e Zink et al. (2015) apontam que em MDS de 1,0 m/pixel ndo é
possivel identificar com clareza a area disponivel para implantacdo de sistemas fotovoltaicos, pois
ndo ha representacdo detalhada de objetos sobre os telhados que impediram a instalagdo, tais como
chaminés, caixas de maquinas de elevadores, caixas-d’agua, etc. Zink et al. (2015) concluem que a
resolucdo ideal para solucionar essa dificuldade é 0,25 m/pixel, e avisa que resolucdes mais detalhadas
interferem negativamente na operagao matricial de cdlculo de declividade e orientagdo do pixel,
levando as falsas estimacdes de radiacdo.

Recomenda-se avaliar a resolucdo suficiente para identificacdo de estruturas e a demanda computacional,
que depende basicamente da resolucdo desejada e tamanho da drea levantada. Nesta pesquisa foi
adotado 0,50 m/pixel, mas ha necessidade de explorar com mais sensibilidade a variacdo de resolucéo.

6.2 POTENCIAIS TEORICO, TECNICO, ECONOMICO, SOCIAL E AMBIENTAL

O arquivo matricial do modelo de radiacdo solar é expresso em KWh/m?2. Uma metodologia hierdrquica
comumente adotada por diversos autores para transformar o potencial tedrico em técnico e econdmico
é apresentada por Izquierdo et al. (2008). Consiste em trés etapas: (i) o potencial fisico (tedrico), que
é a soma total das radiacbes solares; (ii) o potencial técnico (elétrico, geografico ou urbano), que
relaciona a area disponivel por telhado e a eficiéncia e a performance da placa fotovoltaica durante
a transformacdo de energia solar em elétrica; e (iii) o potencial econédmico, que considera o custo do
sistema fotovoltaico durante o ciclo de vida, basicamente os custos de implantacdo e manutencao,
precos locais da eletricidade e o tempo de retorno de investimento (ASSOULINE et al., 2017; CHENG et
al., 2018; MARTIN et al., 2015).

O potencial técnico terd precisdo adequada quando o MDS tiver resolucdo suficiente para representar
as morfologias dos prédios, o arranjo urbano e o sombreamento decorrente, além de identificar
estruturas sobre os telhados (LA GENNUSA et al., 2011), como, por exemplo, a presenca de casas de
maquinas de elevadores, caixas-d’agua, etc.

Outro detalhe relevante é a utilizagdo correta de algoritmos para segmentacdo e extracdo de telhados
em imagens aéreas ou de satélite de alta resolucdo para que a medida da area disponivel para
implantar placas PV em telhados seja mais proxima da realidade. SIG também sdo utilizados para esta
etapa crucial. A revisdo proposta por Crommelinck et al. (2016) discute técnicas para vetorizacdo de
telhados em levantamentos fotogramétricos com Vants, enquanto Camargo et al. (2015) utilizaram a
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ferramenta aberta PKTools, e Ninsawat e Hassin (2016) utilizaram o software eCognition para realizar a
segmentacdo de telhados. Também vale destacar o trabalho realizado por Faria (2017).

A eficiéncia e performance do sistema fotovoltaico dependerao do modelo, inversor e tempo de uso,
como apontado por Lukac et al. (2014) e Wigiton et al. (2010). A n3o linearidade é um fator inerente
aos materiais semicondutores que compdem a placa fotovoltaica e aos pontos maximos de inversao
(LUKAC et al., 2014). Dessa forma, quanto mais informacGes a respeito das eficiéncias do material
adotado (organico, silicio amorfo, monocristalino ou policristalino, entre outros), maior serd a acurdcia
da estimativa de energia produzida, e, consequentemente, melhor serdo os planejamentos estratégicos.
Por exemplo, as placas de silicio monocristalino e policristalino possuem mais que o dobro de eficiéncia
das demais citadas (BERGAMASCO; ASINARI, 2011).

Outros autores consideraram relevante trabalhar as informacdes geradas pelo modelo de radiagdo
solar para avaliar os possiveis impactos ambientais (DESTHIEUX et al., 2018; IZKARA et al., 2019;
NOWACKA; REMONDINO, 2018). Por meio do potencial de geracdo de energia elétrica, é possivel
obter a quantidade de CO: que deixou de ser emitida caso fosse utilizada uma fonte de energia fdssil
(ANSELMA, 2012; PENG et al., 2013), também conhecida como carbono equivalente, ou CO-e. Esclapes
et al. (2014) definiram a taxa de conversdo de 0,60 KgCO:e / KWh produzido, enquanto Lukac et al.
(2016) estimaram 0,53 KgCOze / KWh.

Com essa informacdo, a administracao publica possui dados quantitativos para desenvolver politicas
ambientais de combate as mudancas climaticas (CAMARGO et al., 2015) e pode incluir o CO2e
oriundo da microgeragdo distribuida nas metas ambientais. Mavromatidis et al. (2015) afirmam que,
em caso de auséncia de politicas ambientais, € comum que o critério econémico seja seguido no
processo de tomada de decisao.

Em relacdo a dimensao social, apontam-se duas abordagens propostas por Swam e Ugursal (2009):
top-down e bottom-up. A primeira consiste em considerar setores residenciais em blocos, enquanto
gue a segunda consiste em avaliar individualmente os consumidores finais. A escala e a finalidade do
mapeamento da radiacdo solar definem qual das abordagens adotar. Santos et al. (2014) estimularam
a demanda energética de cada prédio e a classificaram em grupos com base na demanda local média
per capita, nos volumes, areas e altura de prédios, e na distribuicdo populacional.

Wigiton et al. (2010) adotaram a densidade populacional e a demanda de area de telhado per capita para
quantificar o potencial fotovoltaico de Ontdrio (Canadd) para politicas publicas de energias renovaveis.
Gooding et al. (2011) estabeleceram critérios socioeconémicos para identificar locais de maior potencial,
tais como renda, educacdo, consciéncia ambiental, quantidade de prédios e de proprietarios. Kauzika et
al. (2017), em estudo sobre a difusdo da microgeracdo utilizando ferramentas solares, também apontaram
quatro critérios sociais de maior relevancia para aproveitamento fotovoltaico em prédios: renda, valor da
casa, vizinhos que ja possuem placas fotovoltaicas e consumo energético.

6.3 APLICACAO DO MAPA DE RADIACAO SOLAR

A disponibilidade de dados de energia fotovoltaica vem crescendo, assim como as cidades que
disponibilizam essa informacdo. Na linha de metas sustentaveis, modelar o fenébmeno da radiacao
solar em telhados é interessante para administradores publicos e investidores que desejam integrar
planejamento urbano com a microgeragdo (FONSECA et al., 2016).

Nesse contexto, urbanistas e gestores publicos requerem visdo compreensiva das oportunidades e do
custo-beneficio para otimizar a performance energética dos prédios. Também tém responsabilidades
de revelar e comunicar de modo eficaz a populacdo as informagdes sobre o potencial fotovoltaico
e econdbmico, para manté-la esclarecida e encurtar a transicdo energética no local. Notadamente,
modelos solares em SIG sdao ferramentas que devem ser exploradas para atender a essas demandas.
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Castellanos et al. (2017) sustentam que ter ferramentas precisas, acessiveis e de facil compreensao para
avaliar o potencial fotovoltaico é esperado para o desenvolvimento de politicas publicas apropriadas.
Alertam também que decisdes politicas sdo dificeis, pois administradores dependem de informacdes
genéricas de modelos solares de baixa resolugdo ou precisam investir altas quantias para fazer a
pesquisa de uma certa drea em alta resolucao.

De acordo com Santos et al. (2014), o planejamento bdsico para investimento em sistemas fotovoltaicos
deve conter informagdes em relacdo a demanda energética e a capacidade de gera¢do. Mais ainda, adotar
a abordagem bottom-up, de discretizacdo de prédios, é fundamental para um planejamento integral. E
para tal, é necessario modelar o ambiente urbano, a radiacao solar incidente e as areas disponiveis nos
telhados. Em sua maioria, o interesse publico é de aumentar a participacdo da microgeracao, e o interesse
privado é implantar sistemas fotovoltaicos para gerar lucros (CAMARGO et al., 2015).

Mais recentemente, autores analisam a situacdo energética de forma mais aprofundada, considerando
a maximiza¢do da participacdo de microgeracdo na rede elétrica e a minimizacdo de investimentos
(CAMARGO et al., 2015; LINGFORS et al., 2017; MAVROMATIDIS et al., 2015) e ndo uma andlise direta da
capacidade de potencial maximo com base em critérios técnicos. Decidir objetivamente a porcentagem
adequada de penetragao e ter um plano concreto para alcang¢é-la é, sem duvida, uma contribuicdo para
moldar a sustentabilidade energética e otimizar o uso do espaco.

0O aumento excessivo da participacdo de microgeracao apresenta prejuizos para todo o setor, que serdo
discutidos na se¢3o seguinte. E importante evidenciar estudos que quantificaram a drea total apropriada
para instalacdo de sistemas fotovoltaicos, como Hofierka e Kanuk (2009) que classificaram 59% da area
de telhados disponiveis em Bardejov, Eslovaquia, como sendo apropriada, sendo 39% residéncias. Lee et
al. (2018), em estudo no distrito de Gangnam, em Seoul, Coreia do Sul, classificaram prédios em quatro
categorias, tendo como critérios técnico e financeiro, o potencial fotovoltaico e a rentabilidade.

No contexto de transi¢cdo sustentavel em uma cidade, Radzi e Droege (2013) indicam que mapear a
capacidade de energias renovdveis, os fluxos de energia, entender quais telhados e espagos abertos
estdo disponiveis para implantar sistemas renovaveis de conversdo em energia elétrica e termal sdo
a base para alcancar a independéncia energética, de modo estruturado e com propdsito. Ademais,
De Waal e Stremke (2014) indicam que modelos solares sdo ferramentas que podem dar os primeiros
passos para o debate de transicdo energética e preceder e auxiliar a criacdo de cenarios espaciais e de
visOes estratégicas. Desthieux et al. (2018) justificam que a ferramenta on-line desenvolvida teve como
meta principal promover a transi¢cao energética na escala local de Genebra, Suica.

No contexto de mapeamento solar em dreas urbanas, a ado¢do de ferramentas on-line, de interface
de facil compreensao, que vetorizam telhados para compor o cadastro solar e que expdem dados
objetivos é uma tendéncia. Besser et al. (2019) afirmam que essa abordagem resulta em decisGes mais
racionais e efetivas, e a populacdo obtém informacGes de maneira facil e transparente. Freitas et al.
(2015) consideram que a Ultima etapa em uma avaliagao do potencial fotovoltaico é o desenvolvimento
de uma plataforma on-line. Como exemplo de plataformas, tém-se: Jakubiec e Reinhart (2013) e Kruger
e Kolbe (2012) — que resultou no projeto Mapdweel —, Desthieux et al. (2018) e Roberts et al. (2018) —
gue resultou no projeto APVI Solar Potential Tool (SunSPoT) — e Izkara et al. (2019).

Os websites devem definir o publico-alvo, adaptar o contelddo para o consumidor final e evitar esconder
ou perder a qualidade da informacgdo. Besser et al. (2019) elencam cinco principais atribui¢cdes de
uma plataforma on-line: (i) identificacdo de partes disponiveis em telhados para instalacdo de sistemas
fotovoltaicos e a capacidade anual de producdo; (i) quantidade de area disponivel (m?), capacidade
potencial de instalacdo (MW), capacidade potencial de geracdo (MWh) e indicadores ambientais e
econdmicos; (iii) visualizacdo de mapas coloridos de potenciais e graficos relacionando a geragdo
fotovoltaica e economia para cada telhado; (iv) disponibilizacao de informagdes referentes ao telhado,
como orientacdo, inclinagdo, entre outras que auxiliem na instalagdo e design do sistema fotovoltaico;
e (v) geracdo de relatorios em PDF ou CSV.
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6.4 DIFICULDADES E LIMITACOES

Os modelos solares em SIG, apesar de serem considerados ferramentas para gestdo que solucionam
problemas e esclarecem decisGes, ainda assim apresentam aspectos e metodologias que estdo sendo
aprimorados e otimizados. Podemos citar como exemplo a quantificacdo da penetracdo maxima de
energia fotovoltaica na rede elétrica, a calibragdo de modelos solares, a extrapolagdo de modelos
solares de resolugdo duvidosa, os custos relativamente altos para levantamentos LiDAR e a falta de
comunicacao eficiente com o publico-alvo.

Uma das maiores dificuldades que o setor fotovoltaico ainda enfrenta é o desequilibrio entre a geracao
e o consumo de energia elétrica ao longo do dia. A solucdo dbvia seria exportar eletricidade para a rede
elétrica, porém, para casos em que hd alta penetragdo de energia fotovoltaica na rede, esse excesso
de eletricidade causaria desestabilidades na distribuicdo e reduziria a qualidade do servico, além de
reduzir a tarifa da energia elétrica devido a alta oferta (JANKO et al., 2016; TONKOSKI et al., 2012).

Para completar, na andlise financeira, a combinacdo dos espacos temporais entre producao e consumo
e o fendbmeno de alta penetracdo implicam em reducdo nos valores de investimento e aumento do
tempo de retorno de investimento, pois o custo da energia reduz com grande oferta durante o dia e nas
horas de maior consumo — a noite, quando as tarifas podem ser maiores — ndo ha geracdo de energia
fotovoltaica (CAMARGO et al., 2018; ORIOLI; DI GANGI, 2013).

Camargo e Stoeglehner (2018) concluiram que participa¢des de energia fotovoltaica na rede em torno
de 20% ndo geram impactos consideraveis na distribuicdo e confiabilidade da rede elétrica, enquanto
gue mais de 40% resultam em queda dos indicadores de qualidade e confiabilidade. Também afirmam
gue estabelecer metas para um local especifico requer andlises técnicas e fatores econ6micos para
definir o limite de participacdo fotovoltaica. Mavromatidis et al. (2015), em estudo similar, mas tendo
uma vila como exemplo, apontam 29% o valor ideal de participagdo para que o maximo da demanda
energética seja satisfeito a geracdo fotovoltaica, sem a necessidade de armazenamento de energia,
enquanto que 58% seria a participagao ideal, caso houvesse armazenamento, fazendo com que toda a
demanda energética seja suprida pela geracdo fotovoltaica.

No tocante a calibragdo de modelos, Szewczyk (2018) apresenta calibragdo de presenca de nuvens no
modelo GRASS r.sun e adverte que, em relagao ao cadastro solar, as duas maiores dificuldades sao
obter dados tridimensionais da area urbana e a insercdo de informacdes a respeito da nebulosidade ao
longo do ano. Como é o caso de Roberts et al. (2018), que utilizaram ARCGIS Solar Analyst e dados do
NREL para calibragem, enquanto Adelek e Smit (2016) utilizaram GRASS r.sun e adotaram os dados da
Surface meteorology and Solar Energy (SSE) Nasa.

Szewczyk (2018) ajustou seu modelo GRASS r.sun utilizando dados do projeto SoDa e salienta que o
algoritmo é preciso para dias de céu limpo, mesmo sem ajustes. Ajustar os modelos SIG utilizando
dados em solo ou de satélites com sensores termais é de extrema relevancia para que planejamentos
energéticos, financeiros, ambientais e politicos sejam desenvolvidos com base em valores reais,
evitando excessos e perdas em projetos particulares ou de escalas maiores.

Vale ressaltar estudo comparativo realizado por Castellanos et al. (2017) em que compara modelos
solares com base em LiDAR encontrados na literatura revisada com modelos solares com base em
dados de satélite e, portanto, de menor resolucdo, como do Google Sunroof, do Mapdwell e da Agéncia
Internacional de Energia. Os principais resultados indicam variacdes de até 207% entre modelos de baixa
resolucdo e 115% entre modelos de diferentes resolugdes. Computaram também o desvio percentual
do erro, contabilizando diferengas maiores que 300%. Dessa forma, os tomadores de decisdo se
encontram em uma posicao dificil, pois ficam dependentes de informacdes de baixa precisdo, ou terdo
gue investir em pesquisas de LiDAR, reconhecidas pelo seu alto custo (CASTELLANOS et al., 2017).
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Outra barreira discutida por autores é a funcionalidade da ferramenta perante a praticidade e a aceitagdo
e a participacdo do publico-alvo. Jakica (2018), apds revisar centenas de modelos solares, realca a baixa
qualidade da visualizacdo dindmica das informacdes e critica a baixa disponibilidade de algoritmos
com cddigo aberto. Wijeratne et al. (2018) revisaram 27 programas e aplicativos de gerenciamento e
projeto de sistemas solares e apontaram 14 problemas relacionados as ferramentas. Vale destacar: (i) a
falta de dados meteoroldgicos com baixo intervalo de tempo entre as amostras, modelagem 3D de alta
qualidade e individualizagao de telhados; (ii) falta de dados locais de servicos e produtos relativos ao setor
fotovoltaico; (iii) falta de informacdo em relacdo as tarifas e andlise financeiras; (iv) falta de informacgdes
em relacdo a incentivos governamentais; e (v) interfaces dos programas e aplicativos ndo sdo amigaveis.

7 CONCLUSAO

Este artigo teve os objetivos atingidos, que foram construir um modelo de radiagdo solar para os prédios da
EE-IGC-UFMG; discutir aspectos de relevancia no tocante aos modelos de potencial fotovoltaico, diante de
distintos modelos de elevacao adotados como dado de entrada; os potenciais técnico, econdmico, social
e ambiental que a modelagem da radiacdo solar pode explorar; as aplicacdes praticas para planejamento
e tomada de decisdo; uso de ferramentas on-line e algumas dificuldades associadas.

Sugere-se que este tipo de estudo, pautado majoritariamente em aspectos geograficos da regido, seja
agregado a andlises de multicritérios que ponderem as metas de reducdo de emissdo de CO,, o custo
da tarifa e as formas de financiamento, a capacidade do sistema de distribuicdo de energia elétrica e a
demanda energética, formando um conjunto robusto de dados para tomada de decisdo pelos gestores
do setor privado e do publico. Ressalta-se que estimar o potencial fotovoltaico em prédios auxilia o
planejamento financeiro, energético e ambiental para atender as demandas sociais em escala local.

Para pesquisa futura, os autores deste artigo planejam expandir a escala de aplicacdo dos modelos
solares para o campus da UFMG ou uma cidade de menor porte, assim como também aprofundar
nas aplicacdes e potenciais abordados ao longo do texto. Este artigo apresenta apenas os resultados
iniciais de uma pesquisa mais ampla.

NOTAS

1 | European Solar Radiation Data: http://www.soda-is.com
2 | National Renewable Energy Laboratory: https://maps.nrel.gov/nsrdb-viewer
3 | Google Sunroof: https://www.google.com/get/sunroof

4 | Mapdwell: https://www.mapdwell.com/en/solar
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ABSTRACT

The saturation of hinterland accentuates adverse environmental impacts and socio-spatial conflicts,
demanding logistical alternatives. As a solution, the dry port enables the decentralization of customs,
handling, and storage operations, which mitigates part of the problems, in addition to stimulating the
economy in the region where it operates. Thus, its location is crucial for the efficiency of import and
export logistic systems. This paper aimed to evaluate the spatial distribution of dry ports in Minas Gerais,
Brazil, and to identify the best locations for a new installation. The methodology put together two
recognized methods for location definition: the Spatial Multicriteria Analysis and the Location-Allocation
Problem. The first, in line with the most current practices in transportation planning, integrated social,
environmental and technical criteria. The second adopted the first’s result as weighted demand and
applied a metaheuristic to solve an optimization problem. Findings show the regional disparity and
the deficiency of logistic infrastructures in the north of Minas Gerais. All scenarios point to the Montes
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Claros region as a candidate for the installation of a dry port. The possibility of reconciling society,
environment and economy in infrastructure planning was demonstrated.

AHP. Transportation Planning. Sustainable Regional Development. Inland Port. Location-Allocation.

RESUMO

A saturagdo das zonas de influéncia portudria acentua impactos ambientais e conflitos socioespaciais,
demandando alternativas logisticas. O porto seco possibilita a descentralizacdo de atividades aduaneiras, de
manuseio e armazenagem, mitigando parte dos problemas, além de estimular a economia na regido onde
é inserido. Dessa forma, a sua localizacdo é crucial para a eficiéncia dos sistemas logisticos de importagdo e
exportagdo. O objetivo deste trabalho foi avaliar a distribuicdo espacial dos portos secos em Minas Gerais e
identificar os melhores locais para uma nova instalagéo. A metodologia agregou dois métodos reconhecidos
de defini¢do locacional: a Andlise Multicritério Espacial e o Problema de Localizagdo-Alocagéio. O primeiro,
em consondncia com as prdticas mais atuais no planejamento de transporte, integrou critérios sociais,
ambientais e técnicos. O segundo, adotou o resultado da andlise multicritério como demanda ponderada
e aplicou uma meta heuristica para solugéo do problema de otimiza¢do. Os resultados evidenciam a
disparidade regional e a deficiéncia de infraestruturas logisticas no norte de Minas. Todos os cendrios
apontam a regido de Montes Claros como candidata & instalagéo de um porto seco. A possibilidade de
conciliar sociedade, ambiente e economia no planejamento de infraestrutura foi demonstrada.

Palavras-chave: AHP. Planejamento de Transportes. Desenvolvimento Regional Sustentdvel. Esta¢do
Aduaneira Interior. Localiza¢@o-Alocagdo.

1 INTRODUCTION

Globalization was responsible for growth in commercial operations around the world with a consequent
increase in the movement of goods and tax procedures for imports and exports. This high demand
scenario for cargo transportation has saturated the ports and affected the costs of the international
trading operation (GERMANO; FREIRE JUNIOR, 2017; NG; PADILHA; PALLIS, 2013). In addition to
the economic and bureaucratic losses, the saturation of the seaport hinterlands intensifies the
environmental impacts and socio-spatial conflicts (AWAD-NUNEZ et al., 2016a).

As for the environmental standpoint, the construction or even the expansion of a seaport invariably
affects the local ecosystem. The ecological impacts are amplified as most seaports are located in estuaries
(DINWOODIE et al., 2012; GOULIELMOS, 2013). Sinay, Carvalho and Braga (2017), Oliveira et al. (2013),
and Jaffee (2015) report a series of social and environmental impacts related to the port operation. In
addition, Sinay, Carvalho and Braga (2017) affirm the principal consequences of a port operation comes
from the supplementary activities in the port vicinity where the overlapping areas of influence and the
intensity of the activities produce cumulative and synergistic effects (KOEHLER; ASMUS, 2010).

In Brazil, the situation is even worst due to the elevated growth of exports experienced along the last
decades in association with the deficient conservation of the existing logistic infrastructure and the lack
of investments in new infrastructure (CHINELATO; CRUZ; ZIVIANI, 2011; MEDEIROS, 2014; WANKE; HIJAR,
2009). Between 2010 and 2018 the port activity in Brazil increased by 33.2% (ANTAQ, 2018). Limiting space
for the growth of yards and warehouses is a reality for most Brazilian seaports, which increases truck traffic
on highways and long queues for loading and unloading in port cities (GERMANO; FREIRE JUNIOR, 2017).

In this context the dry ports (DP) emerge as an alternative, acting as facilitators for storage, customs
clearance, consolidation, and handling of cargo. (AWAD-NUNEZ et al., 2016b; GERMANO; FREIRE
JUNIOR, 2017). Thus, the DP can be understood as intermodal land terminals strongly connected to
seaports through a frequent and/or a high capacity transport service (NGUYEN; NOTTEBOOM, 2016;
ROSO; WOXENIUS; LUMSDEN, 2009). In practice, a DP operates as logistic hinterlands, i.e. an inland
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region lying behind a port to facilitate moving cargo between the seaport and the interior with improved
performance (LOUREIRO; FREITAS; GONCALVES, 2015).

The decentralization of part of the seaport activities stands out among the main advantages of a
DP, since it brings the customs activities closer to the cargo’s origin or destination. Other than the
enhanced logistic solutions, DP also drives revenue and job creation in the region where it operates.
Moreover, it creates the possibility to continuously release imports and exports over time, distributing
customs expenses evenly during the financial year instead of a single large payment. Roso, Woxenius
and Lumsden (2009) also highlight the DP reinforces the changing from road transportation to a more
efficient and environmentally friendly transportation mode.

With this in mind, the objective of this paper was to assess the spatial distribution of the DP in Minas
Gerais - Brazil, therefore indicating the best-feasible sites for proposing new DP in the state. The
methodology that supported the analysis integrated two well-known methods used for geospatial
location: the Spatial Multi-Criteria Analysis (SMCA) (LIGMANN-ZIELINSKA; JANKOWSKI, 2014; RAHMAN
et al., 2013; SADASIVUNI et al., 2009) and the Location-Allocation Problem (LAP) (HILLSMAN, 1984;
LORENA et al., 2001; MAPA; LIMA, 2012). The first can be understood as an integrating solution with
distinct objectives, often conflicting (SAATY, 2008). The second is characterized as an application of the
p-median problem, being widely used in the location of logistics facilities (LORENA et al., 2001).

Strategically, the study was conducted in Minas Gerais because it is an inner country state with great
logistical and economic importance in Brazilian foreign trade and with no direct access to seaports.
Thus, the state presents an interesting condition for the viability of a distant DP, where the distance and
the size of the goods flow make the railroad viable under a strict cost perspective (ROSO; WOXENIUS;
LUMSDEN, 2009). Indeed, the investigation considered the interregional inequalities of the state and the
concept of Sustainable Social Economic Development (SSED), presented in the Minas Gerais Integrated
Development Plan (MINAS GERAIS, 2015). This enlarged the traditional perspective of transportation
planning beyond the logistical and economic aspects, and including also social and environmental ones.

2 CHARACTERIZATION OF THE STUDY AREA AND CRITERIA SELECTION

The state of Minas Gerais presents high biophysical, socioeconomic, and cultural heterogeneity,
which reflects on the unbalanced spatial distribution of public equipment and transportation
infrastructure. Figure 1 illustrated the study area by presenting the mesoregions, railways, state
and federal roads, and the existing DP.
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Figure 1 | Study site: Minas Gerais state’s mesoregions overlaid by the existing dry ports, roads and rails in 2016 according
to the Brazilian Institute of Geography and Statistics (IBGE) database.

Source: Authors’ elaboration based on IBGE (2018) and Brasil (2014) data.
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The choice of the sites for new DP considered five criteria (environmental, competition, economic, logistics,
and social aspects), four of them considered sub-criteria as presented in Table 1. The criteria were chosen
upon specialized literature concerning the location of logistic facilities such as in Barboza and Vieira (2014);
Bolturk et al. (2016); Ka(2011); Loureiro, Freitas and Gongalves (2015); Nguyen and Notteboom (2016);
Roso, Woxenius and Lumsden (2009); Sopha et al. (2016). Other criteria, such as legal aspects, the stability
of the political scenario, construction costs, as well as engineering aspects are also reported in the literature
(BOLTURK et al., 2016; ROSO; WOXENIUS; LUMSDEN, 2009). However, these aspects were not considered
since they are not directly assigned to the spatial questions related to the scope of the investigation.

Regarding the logistic accessibility, the road network of Minas Gerais is the most extensive among the
Brazilian states. Besides the unequal distribution, over 50% of the federal highways in southeast Brazil
are in Minas Gerais (CNT, 2018). As for the railroads, the state has the second-longest network in the
country (MINAS GERAIS, 2015).

Table 1 | Criteria, input data, data source, and method used to convert data for the geospatial model.

Group Criterion Data Source | Year-base Orllg:lnal Data Spatialization Method
ormat
Exports FOB price MDIC 2015 Tabular Interpolation (IDW)
) Imports FOB price MDIC 2015 Tabular Interpolation (IDW)
Economic - -
Number of jobs RAIS 2010 Tabular Interpolation (IDW)
GDP FGV 2015 Tabular Interpolation (IDW)
Competition Avoid e;(l)srt:ng dry PNLT2010 2010 Vector - Point Euclidian Distance
. . DEER/ . " .
Highway distance SETOP 2015 Vector - Line Euclidian Distance
Logistics Main road DEER/ Y o .
distance SETOP 2015 Vector - Line Euclidian Distance
Rail distance PNLT2010 2010 Vector - Line Euclidian Distance
Non-employed IBGE 2010 Tabular Interpolation (IDW)
. people
Social Atl
Social Index Braasisl 2010 Tabular Interpolation (IDW)
Avoid urban area* Emt?rapa 2015 Vector - Polygon Euclidian Distance
Territorial
Environmental Avoid E\édALOEraphy IBGE 2015 Vector - Line Euclidian Distance
Avoid buffer zone ICMBio/ L .
of CUs*** SEMAD 2015 Vector - Polygon Euclidian Distance

*Influence zone limited to 5km away from the urban areas.

**Despite the Act N2 12.651 of May 25, 2012, that created the new Brazilian Forest Code (BRASIL, 2012) says the Permanent
Protection Areas (PPA) of riparian forest must be protected by a maximum buffer of 500 meters, in this investigation we used
a decaying gradient until 1000 meters as a conservatory polity to avoid proposing infrastructure in environmentally sensitive
areas nearby rivers.

***Although CONAMA revoked CONAMA Resolution 13/1990 (BRASIL, 1990) in 2010, shrinking the 10,000 meters buffer zone
for Conservation Units (CUs) without a management plan at to 3,000 meters, we adopted a buffer of 10,000 m considering the
importance of these zones for the ecosystems surrounding the Conservation Units.

Source: Primary research data with the respective data source in the table.

The mining industry, in special the iron ore represents a significant share of the state’s export
revenue (29%), with logistics infrastructure, supported by dedicated railroads and pipelines, highly
efficient. However, other commodities also play important roles in the state’s economy, therefore the
exportation activities that can directly or indirectly benefit from strategically located DP. Other than
iron ore, the main products exported are raw grained coffee (12%), soybean grains and meal (8.5%),
and industrialized iron-alloys (8.0%) (BRASIL, 2018).
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The imports of the state are more fractional, with emphasis on fertilizers or chemical fertilizers (8.9%),
coal (7.7%), chemical compounds (4.6%) and other products from the manufacturing industry (4.3%)
(BRASIL, 2018). To measure exports and imports, the Free-On-Board (FOB) price was applied to the
municipalities considering the year-base 2015, as reported by the Brazilian Ministry of Industry, Foreign
Trade, and Services (MDIC). The Gross Domestic Product (GDP) and the number of jobs related to the
segments of mineral extraction, processing industry, agriculture, and public utility industrial services,
from the Annual Catalogue of Social Information (Rela¢Go Anual de Informagbes Sociais - RAIS), were
integrated to represent the economic activity.

As for the environmental characteristics, in 2010 the preserved natural areas corresponded to 6.4% of the
state’s territory. The Atlantic Forest, which originally covered up to 46% of the state, currently reaches
5.3% of the territory (MINAS GERAIS, 2015). Thus, there is a real need for investments in infrastructure
that neither accentuate environmental impacts nor jeopardize the already scarce preserved areas.

Concerning social characteristics, the northern municipalities present the worst rates of the state, with
per capitaincome below the average, as well as way below the Human Development Index (HDI) (MINAS
GERAIS, 2015). Despite the Northwest, North, Jequitinhonha, and Mucuri mesoregions altogether hold
15.6% of the state’s population, the block represents only 7.4% of the state’s GDP (IBGE, 2012).

The indicator of non-employed people was obtained from Table 3580 pulled from System of Automatic
Recovery (SIDRA) of the Brazilian Institute of Geography and Statistics (IBGE), which uses the 2010 Census
Database (IBGE, 2012). The Social Index (SI) was proposed in this investigation to consider, in addition to the
demand for port services, the potential for the socioeconomic regional impact of the DP. Sl is proportional
to the population and inversely proportional to the square of the HDI as shown in Equation 1.

Pop
HDI? @)

SI =

Where: HDI: Human Development Index (Atlas Brasil/Censo of 2010)
Pop: Population as reported by Atlas Brasil (PNUD; FJP; IPEA, 2013)

Due to their nature, each criterion presents a different unit. To allow comparison and integration, the
criteria have been standardized. The values range from 0 to 10, where zero (0) represents the absence
of influence of the variable, one (1) represents the lowest cost, and 10 the highest. The lower the value,
the greater the attractiveness of the region for installing a DP.

As a key condition to the proposed investigation, the criteria were georeferenced using the
methodology as indicated in Table 1. Due to the geographic nature of the spatial analyzes and the
geographic dimension of the study area, all maps were set to equidistant conical projection to minimize
cartographic distortions in distance measurements (MITCHEL, 2005; SNYDER, 1987).

3 METHODOLOGY

The methodology integrated, in a sequential way, two well know methods of location into a single
model. Thus, the inverse of the index resulting from SMCA was used as weighted demand into the LAP,
as illustrated in Figure 2. The selected scenarios enabled to assess the location of the existing DP and
also the impact of socio-environmental prioritization when choosing the location of a new facility.
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Figure 2 | Representative flowchart of the main methodological steps.

Source: Authors’ elaboration.

3.1 SPATIAL MULTI-CRITERIA ANALYSIS (SMCA)

The hierarchy and the weights of the criteria were assigned following the Analytic Hierarchy Process
(AHP) method (SAATY, 1977, 2008). The investigation counted with 10 experts in logistics that pair-wise
evaluated the criteria. A spreadsheet developed by Goepel (2013) was used to perform the calculation.
The weight value of each criterion (wi) was defined by the eigenvector of the largest eigenvalue (A) of
the paired comparison matrix (CHEN; YU; KHAN, 2010; SAATY, 1977). The resulting hierarchy of criteria

is illustrated in Figure 3.
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Figure 3 | Hierarchy of the criteria and the respective weights used in the Spatial Multi-Criteria Analysis (SMCA).
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In order to assure the quality of the inputs, the normalized matrix was assessed through the
consistency rate (CR), the consensus among specialists (SC), and the geometric consistency index
(GCl), proposed by Crawford e Williams (1985). The threshold of CR was 0.10 (APOSTOLOU; HASSELL,
1993; CHEN; YU; KHAN, 2010). Further details about the AHP can be found in Chen, Yu and Khan
(2010) and Saaty (1977, 2008), and its application in spatial analysis for transportation planning in
Sadasivuni et al. (2009).

The solution was georeferenced to enable spatial analysis, visualization, clear and comprehensive
understanding. Two Integrated Cost-Opportunity Surfaces (ICOS) were generated as resulting from
SMCA processes: [ICOS - A] with weighted criteria based on the logistic experts’ opinion, determined
by the AHP, and [ICOS —B] that favored the social and environmental perspectives. Details about the
ICOS-B cost-opportunity surface is available in section 3.3-Scenario Settings. In short, the analysis was
computed in a Geographic Information System (GIS). The municipalities were classified to present the
best-feasible alternatives to locate new DPs.

Each ICOS represents the weighted sum of the criteria (Equation 2). By following the hierarchy
established in the AHP, an ICOS-like calculation method was used for each criterion to compute the
sub-criteria. An exception was the environmental criterion, computed upon conditional overlap. The
buffer zones, urban areas, and Environmental Protected Areas (EPA) must be mandatorily avoided by
this type of enterprise. Thus, there should be no weighting for these sub-criteria when computing the
environmental criterion.

n

ICOS (xi, }’i) = Z B, X Cn(xi'yi) (2)

j=1
Where: ICOS (x,y) = value of the Integrated Cost-Opportunity at point i with coordinates (x,y,).
P_=weight of the criterion n as determined by AHP.
C,(x,y) = value of the criterion n at coordinate (x,y).

The Sensitivity Analysis (SA) of the SMCA results considered the social and environmental criteria
using the One-Factor-At-A-Time method (OAT) (CHEN; YU; KHAN, 2013; DANIEL, 1958). The goal was to
assess the strength of these criteria and the possible impact of socio-environmental prioritization over
the other traditional criteria. For each criterion, the weights ranged from 0 to 100% with increments of
10%, while the other criteria had the proportion of their weight maintained.

3.2 LOCATION-ALLOCATION PROBLEM (LAP)

Alike the SMCA, the LAP was also developed on a GIS platform, but based on vector data architecture.
The problem was built on a GIS network with connectivity defined in two groups: highways and
railways. The network topology has been corrected and validated. Five rules have been specified for
the network: two of them related to cost (the length of the section, and the type of road); one related
to the hierarchy according to the function class of the road (railway: 1; highways and primary collectors:
2; secondary collectors: 3; local roads: 4); and the last two related to preference (one for rail-based
cargo transit and the other for avoiding traffic on local roads).

The input values of the demand points were fed from the corresponding cost-opportunity surface
per scenario. Thus, the LAP solution considered the decision rules defined for the network, and
also the weighted demand of economic, logistic, social, environmental, and competition criteria.
94 points were selected along with the network as candidates for the location of the new facilities.
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The DP candidate points were distributed in all the mesoregions of the state, being preferably
road-rail connections.

Next, the PLA solver was formulated as a p-median problem, where problem consists in locating p
logistic facilities (medians) in a network, regarding the compromise in minimizing the total sum of
the distances of each demand node to its nearest median (CHRISTOFIDES; BEASLEY, 1982; HAKIMI,
1964; TEITZ; BART, 1968). The goal of the solution was to attend as many demand points as possible.
The solver used heuristic techniques, because the solution space, for a mathematical solution, grows
until becomes extremely large. Thus, the solver built an Origin-Destination (OD) cost matrix. Next, the
edition of Hillsman (HILLSMAN, 1984) was applied to edit the matrix. To refine the solution, a set of
semi-randomized solutions was generated and the solver applied a vertex substitution heuristic (TEITZ;
BART, 1968). Finally, a GRASP meta-heuristic (FEO; RESENDE, 1995; LORENA et al., 2001), returned the
best solution out of a group of good solutions.

3.3 SCENARIOS SETTINGS

Four scenarios were defined in this investigation. Six facility locations were selected out of the 94
candidates for each of the four scenarios to meet the 79,535 points of demand. In short, these scenarios
integrate different combinations of consideration/no consideration of existing DP with the computed
SMCA cost-surfaces, as follow:

Scenario 1: No existing DP + ICOS-A (AHP weighted criteria);

Scenario 2: No existing DP + ICOS-B (socio-environmental prioritization);
Scenario 3: Existing-mandatory DP + ICOS-A (AHP weighted criteria);

Scenario 4: Existing-mandatory DP + ICOS-B (socio-environmental prioritization);

Two scenarios (2 and 4) had socio-environmental prioritization. Environmental prioritization was
carried out with a view to minimizing impacts on the environment and reducing project efforts by
avoiding environmentally sensitive areas (MONTANO et al., 2012). The favoring of social criteria pushes
the choice of the new DP to serve as an instrument that stimulates regional development by focusing
on the generation of jobs and the improvement of social indicators. The weights of the social and
environmental criteria were arbitrarily set at 30% each. The other three criteria had their weight-
adjusted keeping the proportion determined by the AHP.

To assess the location of the existing DP, the model was executed without considering these facilities
(scenarios 1 and 2). Although, in reality, all existing DPs are mandatory in the solution since the goal of
the investigation is to be inclusive and does not consider identifying logistic facilities to be deactivated
in the study area.

4 RESULTS AND DISCUSSIONS

The SMCA weights as determined by AHP were attested by CR = 0.008 and A = 5.035. The resulting
CR value (<0.10) indicates acceptable consistency of the input values to the pair-wised comparison
matrix (APOSTOLOU; HASSELL, 1993; CHEN; YU; KHAN, 2010). The GCI was equal to 0.03 and the
consensus of opinions was 84.6%.

The two integrated cost-opportunity surfaces are shown in Figure 4. ICOS-A (left) considered the weights
of the criteria determined by the AHP. On the right side, ICOS-B considers weights set to prioritize the
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socio-environmental standpoints. By comparing the two maps, it can be seen that socio-environmental
prioritization reduces the economic burden and, in a certain way, attempts to equalize the regions.
However, this prioritization does not change the spatial configuration of the solution, where some
regional hubs remain more attractive for the installation of the DP.

50°00"W 45°0'0"W 50°0'0"W 45°0'0"W
1 1 1 1
ICOS-A ICOS-B
AHP weighted criteria: Scenarios 1 and 3 Socio-environmental prioritization: Scenarios 2 and 4

15°0'0"S
1

15°0'0"S

20°0'0"S
1

20°0'0"S

T T T T T T
50°0'0"W 45°0'0"W 40°0'0"W 50°0'0"W 45°0'0"W 40°0'0"W

N Legend:
Equidistant Conical Projection Highest cost
A PCS: S. America Equidistant Conic -
0 75 150 300 450 600 Datum: SAD 1969 [l Lowest cost

o™ ™ 1Km

1 - 12: Ranking of attractiveness

Figure 4 | Integrated cost-opportunity surfaces (ICOS) modeled to located dry ports in Minas Gerais. The model used criteria
and weights computed from the Analytic Hierarchy Process (ICOS-A) and prioritization of socio-economic perspectives (ICOS-
-B), respectively.

Source: Authors’ elaboration.

At ICOS-A (scenarios 1 and 3) the maximum opportunity cost for localization of DP was 8.3993 (Arantina,
in the south of Minas) and the minimum 2.8601 (Betim). Table 2 shows that the most attractive
municipalities in the state are Betim, Montes Claros, and Araxd. However, it is important to consider
the existence of DP relatively close to some of these top-attractive municipalities, with special regards
to the first and third alternatives, where there will probably be a lot of competition. Thus, findings
highlight the municipality of Montes Claros (2nd in the ranking), as it presents high attractiveness and
no DP within a radius of 350 km.

Regarding the ICOS-B (scenarios 2 and 4), the costs-opportunity ranged from 9.2408 (Arantina) to
3.4524 (Tedfilo Otoni). Thus, the order of classification of the municipalities by attractiveness shown
in Table 2 has been changed. However, eight candidates remain as good alternatives in both SMDC
approaches: Betim, Montes Claros, Araxa, Belo Horizonte, Sete Lagoas, Uberaba, Paracatu, and
Uberlandia. In ICOS-B, Montes Claros falls from the 2nd to the 6th position in the classification, due to
its proximity to the Lapa Grande State Park and the large urbanized area.

Table 2 | Municipalities that presented high attractiveness for proposing new dry ports, as a result of spatial
multi-criteria analysis using traditional macro logistics standpoint with no prioritization of socio-environmental
values (ICOS-A).

Ranking | Cost Municipality Micro region Meso region X coord (m) Y coord (m)

1 2,86 Betim Belo Horizonte Metropolitana de BH 1.571.640,7 1.248.247,0

2 3,07 Montes Claros Montes Claros Norte de Minas 1.644.675,2 1.596.149,6
Sustainability in Debate - Brasilia, v. 11, n.2, p. 208-222, aug/2020 ISSN-e 2179-9067
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Ranking | Cost Municipality Micro region Meso region X coord (m) Y coord (m)

3 3,22 Araxd Araxd Tringulo / Alto 1.302.431,1 1.315.568,9
Paranaiba

4 3,25 Belo Horizonte Belo Horizonte Metropolitana de BH 1.590.851,3 1.251.391,4

3,30 Sete Lagoas Sete Lagoas Metropolitana de BH 1.571.917,2 1.304.824,2

6 3,37 Uberaba Uberaba Tridngulo / Alto 1.202.742,4 1.304.367,2
Paranaiba

3,75 Itabira Itabira Metropolitana de BH 1.675.155,0 1.272.323,9

8 3,75 Paracatu Paracatu Noroeste de Minas 1.336.801,3 1.574.621,2

9 3,78 Uberlandia Uberlandia Tridngulo / Alto 1.177.431,2 1.405.099,9
Paranaiba

10 3,83 santana do Ipatinga Vale do Rio Doce 1.746.041,6 1.282.858,3

Paraiso

11 3,96 Itabirito Ouro Preto Metropolitana de BH 1.606.038,8 1.212.047,3

12 | 397 Araguari Uberlandia Triangulo / Alto 1.186.257,2 1.432.014,4
Paranaiba

Source: Authors’ elaboration.

Figure 5 shows the SA of the environmental criterion to the 12 top-attractive candidate localities for the
installation of a new DP based on the lowest value in ICOS-A. All localities presented a linear increase
in cost, with a consequent reduction in attractiveness. Paracatu (A87) was the alternative that showed
the lowest rate of decrease in cost. The few locations (6 out of 94) that reduced the cost by increasing
the environmental weight are not among the first 12 in the ranking.

Although, the behavior of the SA of the social criterion was different from the environmental one. The
results show a small* cost variation and, unlike the environmental criterion, most locations (66) present
cost reductions as the weight of the criterion increases. The locations that presented an increase in
cost-opportunity already present higher costs before the increase in weight.

10

AHP weighting

Cost-Opportunity
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Figure 5 | Sensibility analysis of the environmental criteria with observed variation in cost-opportunity for the 12 municipali-
ties with high attractiveness for new dry ports based on ICOS-A.

Source: Authors’ elaboration.

In scenarios 1 and 2, the locations selected were the same due to the similar spatial configuration
of ICOS-A and ICOS-B (as showed in Figure 4). Nevertheless, there were only minor differences in
the coverage area of each DP. The model pointed to three new DPs to be located in places where
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facilities already exist (Uberlandia, Varginha, and Contagem). Another three were positioned in the
municipalities of Paracatu, Tedfilo Otoni, and Montes Claros, and it is important to highlight the model
choose these places over those that DP already exist, such as Uberaba and Juiz de Fora.

Indeed, the results point to the logistic deficiency in the north of the state (North, Northwest,
Jequitinhonha, and Mucuri mesoregions). Despite the demand and consequently potential for
installation, there is neither DP installed nor operating in these regions. Furthermore, due to the
gravitational characteristic of the LAP, the model resulted in a more balanced spatial distribution of
the DP than the current distribution. The coverage area of each DP was very similar to the area of
the others. Scenarios 3 and 4, where five existing DP were mandatorily included, the model resulted
in a single addition. Thus, Montes Claros was chosen as the best solution in both scenarios. Despite
the relative drop in attractiveness in socio-environmental prioritization scenarios, Montes Claros was
selected in the LAP due to its key-strategic position (IBGE, 2008). The municipality can serve a wide
region not yet served through customs terminals. Notwithstanding, in these two scenarios, one of the
mandatory locations (Uberaba) was only accessed by demand points nearby.

Figure 6 illustrates the locations that were selected for new DPs with their respective coverage areas.
Due to the close similarity of the results between scenarios 1 and 2, and also between 3 and 4, to
simplify the presentation, only the results from scenarios 2 and 4 are presented.
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Figure 6 | Dry ports and their respective LAP coverage areas within the state of Minas Gerais as resulting from the two sce-
narios that prioritized socio-environmental perspectives.

Source: Authors’ elaboration.

Regarding the characteristics of Montes Claros, an important factor that influenced the choice is the
concentration of export and import activities in the northern part of the state, some of them converging in
Montes Claros and vicinity. According to BRASIL (2018), almost 99% of the FOB export value of the mesoregion
in the north of Minas Gerais comes from only seven municipalities. Montes Claros alone is responsible for
49.9% (2017) and 38.3% (2018) of the total value exported by the mesoregion (BRASIL, 2018).

The results of this study corroborate to IBGE (2008) that established Montes Claros as Level B Regional
Capital due to its rationality and area of influence in the state of Minas Gerais. According to the results
(Figure 6) and with IBGE (2008), in addition to the northern mesoregion of Minas, Montes Claros also
influences the northwestern, Vale do Jequitinhonha and Mucuri mesoregions.
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The integration of two methods for geolocation was key important to the quality of the results if
compared to each method individually. Instead, if the location methods considered only SMCA, the
municipality of Betim would show up preference over Montes Claros. However, the Metropolitan
Region of Belo Horizonte, where Betim is located, is already served by a DP. On the other hand, the LAP
solution without weighting the cost-opportunity would be restricted to the optimization of the number
of demand points served. Consequently, the importance of the social and environmental dimensions
would probably be neglected. In addition, bringing this type of analysis early in the planning stage
can facilitate the environmental licensing process, which requires the assessment of environmentally
viable local alternatives (MONTANO et al., 2012).

The study reveals the consequences of a critical fact: the productive investment projects as directed to Minas
Gerais between 2004 and 2014 were strongly spatial concentrated (MINAS GERAIS, 2015). Only four of the
seventeen State Development Territories accounted for 70% of the investment intentions. Traditionally, the
preference is to the most dynamic regions in detriment of the historically problematic areas regarding the
environmental, economic, and social standpoints. In other words, state development transportation-related
policies sanctioned a certain pre-existing productive and spatial configuration (MINAS GERAIS, 2015). It is
necessary to overcome this scenario of regional inequality through SSED across the state.

5 CONCLUSION

Dry ports are alternatives for mitigating congestion and social conflicts in primary logistic areas,
by reducing transportation costs, speeding up the process, and reducing environmental impacts.
However, DP has been a subject traditionally limited to the area of transport. To bring the subject to a
broader audience, this study presents subsidies to formulate a more comprehensive and participatory
planning proposal involving DP. The investigation shows the social and environmental factors, which
character often overlooked in the Cartesian view of traditional transportation engineering, that should
be considered in the decision-making process for choosing the location for new facilities. Accordingly,
the greatest benefit for all stakeholders can be achieved, promoting sustainable regional development.

As expected, by using two well-established methods for locating facilities drove different results
for each method individually. However, the objective of the investigation was to integrate the two
methods into a model. Thus, the contribution of the article was to demonstrate the gain achieved by
the integration of modern and consolidated methods of decision support in transport planning. With
that, it was possible to affirm that the research produced a model optimized from a logistical point of
view, and at the same time inclusive since it met social and environmental demands.

Despite Minas Gerais has the most extensive road network in the country, the presents enormous
regional disparities regarding transportation strategy and infrastructures. The results showed the
northern mesoregions (North, Northwest, Jequitinhonha, and Mucuri) need for inland port and customs
services. The study used multidimensional methods to assure that places with high potential are not
neglected, as well as to assure the installation of new DP neither stress the inequality of infrastructure
nor accentuates environmental and social issues. Thus, the locational analyzes developed from different
scenarios resulted in the convergence of Montes Claros as a priority location for the installation of DP.

The authors understand the investigation achieved its major objective. The proposed methodology was
broken down to be elucidative and to support the discussion. Moreover, it provided the identification
of the most suitable locations for installing DP in the state of Minas Gerais, considering inputs from
logistical, social, environmental, economic, and competition elements. This study is original and certainly
can be enhanced. Future work may incorporate more criteria, evaluate the model’s performance
metrics, compare the results with other methods, and even apply a spatially explicit sensibility analysis.
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NOTES

1 | Average variation of the cost (mean difference among the cost at 0% weight and 100% weight of all alternatives) in the
sensibility analysis of social perspective is 1.11 versus 4.32 of the environmental one.
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RESUMO

ARTICLE - DOSSIER

A saturacdo das zonas de influéncia portudria acentua impactos ambientais e conflitos socioespaciais,
demandando alternativas logisticas. O porto seco possibilita a descentralizacdo de atividades aduaneiras, de
manuseio e armazenagem, mitigando parte dos problemas, além de estimular a economia na regido onde
é inserido. Dessa forma, a sua localizagdo é crucial para a eficiéncia dos sistemas logisticos de importacdo e
exportacdo. O objetivo deste trabalho foi avaliar a distribuicdo espacial dos portos secos em Minas Gerais e
identificar os melhores locais para uma nova instalacdo. A metodologia agregou dois métodos reconhecidos
de definicdo locacional: a Andlise Multicritério Espacial e o Problema de Localizagdo-Alocag¢do. O primeiro,
em consonancia com as praticas mais atuais no planejamento de transporte, integrou critérios sociais,
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ambientais e técnicos. O segundo, adotou o resultado da analise multicritério como demanda ponderada
e aplicou uma meta heuristica para solu¢do do problema de otimizagdo. Os resultados evidenciam a
disparidade regional e a deficiéncia de infraestruturas logisticas no norte de Minas. Todos os cenarios
apontam a regido de Montes Claros como candidata a instalagdo de um porto seco. A possibilidade de
conciliar sociedade, ambiente e economia no planejamento de infraestrutura foi demonstrada.

AHP. Planejamento de Transportes. Desenvolvimento Regional Sustentavel. Estacdo
Aduaneira Interior. Localizacdo-Alocacdo.

ABSTRACT

The saturation of hinterland accentuates adverse environmental impacts and socio-spatial conflicts,
demanding logistical alternatives. As a solution, the dry port enables the decentralization of customs,
handling, and storage operations, which mitigates part of the problems, in addition to stimulating
the economy in the region where it operates. Thus, its location is crucial for the efficiency of import
and export logistics systems. The aim of this paper was to evaluate the spatial distribution of dry
ports in Minas Gerais and to identify the best locations for a new installation. The methodology put
together two recognized methods for location definition: the Spatial Multicriteria Decision Analysis
and the Location-Allocation Problem. The first, in line with the most current practices in transportation
planning, integrated social, environmental and technical criteria. The second adopted the first’s result
as weighted demand and applied a metaheuristic to solve an optimization problem. Findings show the
regional disparity and the deficiency of logistic infrastructures in the north of Minas Gerais. All scenarios
point to the Montes Claros region as a candidate for the installation of a dry port. The possibility of
reconciling society, environment and economy in infrastructure planning was demonstrated.

Keywords: AHP. Transportation Planning. Sustainable Regional Development. Inland Port. Location-Allocation.

1 INTRODUCAO

A globaliza¢do gerou crescimento das operages comerciais em todo o mundo com o consequente aumento
da movimentagdo de mercadorias e dos tramites fiscais de exportagdo e importagdo, que tém saturado os
portos e afetado os custos do importador/exportador (GERMANO; FREIRE JUNIOR, 2017; NG; PADILHA;
PALLIS, 2013). Além dos prejuizos econdmicos e burocraticos, a saturagdo das zonas de influéncia portudria
acentua os impactos ambientais adversos e os conflitos socioespaciais (AWAD-NUNEZ et al., 2016a).

A instalagdo ou expansdo de um porto maritimo invariavelmente afetam o ambiente. Os danos ao
ecossistema sdao amplificados, visto que a maioria dos portos estdo localizados em estuarios (DINWOODIE
et al., 2012; GOULIELMOS, 2013). Jaffee (2015), Oliveira et al. (2013) e Sinay, Carvalho e Braga (2017)
citam uma série de impactos sociais e ambientais relacionados a atividade portuaria. Sinay, Carvalho
e Braga (2017) ainda afirmam que as principais consequéncias da instalagdo e operagdo do porto sdo
advindas das atividades realizadas no seu entorno. As diversas atividades desenvolvidas e a sobreposicdo
das dreas de influéncia produzem efeitos cumulativos e sinérgicos (KOEHLER; ASMUS, 2010).

No Brasil, a situacdo é agravada devido ao grande crescimento das exportacées experimentado nas Ultimas
décadas, associado a falta de conservacdo da infraestrutura logistica existente e ao baixo investimento em
novas estruturas (CHINELATO; CRUZ; ZIVIANI, 2011; MEDEIROS, 2014; WANKE; HIJJAR, 2009). Entre 2010 e
2018, a movimentacdo portudaria aumentou 33,2% (ANTAQ, 2018). A limitacdo de espaco para crescimento
de patios e armazéns ocorre em diversas zonas portuarias brasileiras, causando o aumento do transito de
caminhdes nas rodovias e filas de espera nas cidades portudrias (GERMANO; FREIRE JUNIOR, 2017).

Nesse contexto, os portos secos (PS) se apresentam como alternativa, funcionando como facilitadores para
armazenagem, desembaraco aduaneiro, consolidacdo e manuseio da carga (AWAD-NURNEZ et al., 2016b;
GERMANO; FREIRE JUNIOR, 2017). Os Portos Secos podem ser definidos como terminais intermodais
terrestres fortemente conectados aos portos maritimos por meio de servicos de transporte frequentes e
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de alta capacidade (NGUYEN; NOTTEBOOM, 2016; ROSO; WOXENIUS; LUMSDEN, 2009). Os PS funcionam
como extensdes das zonas de influéncia portudria em terra (hinterlands) para facilitar a movimentacao de
cargas entre porto e interior, proporcionando maior agilidade (LOUREIRO; FREITAS; GONCALVES, 2015).

Entre suas principais vantagens, destaca-se a descentralizacdo de parte das atividades portudrias,
deixando-as mais préximas das regides de captagdao ou de destino das cargas. Isso possibilita solugdes
logisticas aprimoradas e contribui para a geracdo de empregos e receita na regido onde o PS é instalado.
Outra vantagem é a possibilidade de liberar importacdes e exporta¢des ao longo do tempo, distribuindo
as despesas alfandegarias uniformemente durante o exercicio financeiro em vez de um unico grande
pagamento. Roso, Woxenius e Lumsden (2009) destacam ainda a mudanca do transporte rodoviario
para um modal mais eficiente e menos prejudicial ao meio ambiente.

O objetivo deste artigo foi avaliar a distribuicdo espacial dos portos secos em Minas Gerais e identificar os
melhores locais para uma novainstalacdo. Aavaliacdo e a proposta foram subsidiadas por uma metodologia
que integrou dois métodos bastante empregados na definicdo locacional: a Analise Multicritério Espacial
— AMCE (LIGMANN-ZIELINSKA; JANKOWSKI, 2014; RAHMAN et al., 2013; SADASIVUNI et al., 2009) e o
Problema de Localizagdo-Alocagdo — PLA (HILLSMAN, 1984; LORENA et al., 2001; MAPA; LIMA, 2012). O
primeiro caracteriza-se como solucdo integradora de objetivos distintos, muitas vezes conflitantes (SAATY,
2008). O segundo trata-se de uma aplicagdo do problema de p-medianas, sendo amplamente empregado
na localizacdo de instalages logisticas (LORENA et al., 2001).

0 estudo foi realizado em Minas Gerais por ser um estado sem acesso a portos maritimos, mas com grande
importancia logistica e econdmica no comércio exterior brasileiro. Condi¢do interessante para a viabilidade
de um PS distante, onde a distancia e o tamanho do fluxo de mercadorias tornam a ferrovia viavel sob uma
perspectiva estrita de custos (ROSO; WOXENIUS; LUMSDEN, 2009). Ainda, devido as desigualdades inter-
regionais do estado, o conceito de Desenvolvimento Econémico e Social Sustentavel (DESS), apresentado
no Plano Mineiro de Desenvolvimento Integrado (MINAS GERAIS, 2015), foi considerado, implicando na
adocdo ndo so de aspectos logisticos e econdmicos, mas também sociais e ambientais.

2 CARACTERIZACAO DA AREA DE ESTUDO E SELECAO DOS CRITERIOS

Minas Gerais possui alta heterogeneidade biofisica, socioecondmica e cultural, que se reflete na
distribuicdo espacialmente desigual de equipamentos publicos e infraestrutura de transporte. Na
Figura 1 é ilustrada a area de estudo, com suas mesorregides, ferrovias em trafego, principais rodovias
(federais e estaduais) e a localiza¢do dos PS existentes.
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Figura 1 | MesorregiGes de Minas Gerais com os portos secos, ferrovias em trafego e as principais rodovias existentes em
2016 segundo o IBGE.

Fonte: Elaborada pelos autores com dados do IBGE (2018) e BRASIL (2014).
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Aescolha dolocal parainstalagdo do PS considerou cinco macrocritérios (ambiental, competi¢do, econdmico,
logistico e social). Quatro desses critérios com subcritérios (Tabela 1). A selecdo dos critérios foi baseada na
literatura sobre localizacdo de instalages logisticas, como Barboza e Vieira (2014); Bolturk et al. (2016);
Ka (2011); Loureiro, Freitas e Gongalves (2015); Nguyen e Notteboom (2016); Roso, Woxenius e Lumsden
(2009) e Sopha et al. (2016). Outros critérios, referentes a aspectos legais, estabilidade e ambiente politico,
custos de construgdo e questdes técnicas de engenharia também s3do encontrados (BOLTURK et al., 2016;
ROSO; WOXENIUS; LUMSDEN, 2009). Entretanto, esses aspectos ndo foram considerados, uma vez que nao
se relacionam a questBes espaciais e, portanto, extrapolam o objetivo do trabalho.

No que diz respeito a acessibilidade logistica, a malha rodoviaria mineira é a mais extensa do Brasil.
Apesar da distribuicdo desigual, mais de 50% das rodovias da Regido Sudeste do Brasil estdo em Minas
Gerais (CNT, 2018). Ja a malha ferrovidria é a segunda maior do Brasil em extensdo, representando
aproximadamente 17% da rede ferroviaria (MINAS GERAIS, 2015).

Tabela 1 | Critérios selecionados com fonte, data e método para espacializagdo dos dados.

Grupo Varidvel Fonte Data Formato dado Método
Valor FOB exp MDIC 2015 Tabular Interpolagdo (IDW)
Econdmico Valor FOB imp MDIC 2015 Tabular Interpolagdo (IDW)
n?2 postos de trabalho RAIS 2010 Tabular Interpolagdo (IDW)
PIB FGV 2015 Tabular Interpolagdo (IDW)
Competicao Distancia PS existente PNLT 2010 2010 Vetor - Ponto Distancia Euclidiana
Dist. Rod. Troncal DEER/Setop 2015 Vetor - Linha Dist. Euclidiana
Acessibilidade Dist. Rod. Principal DEER/Setop 2015 Vetor - Linha Dist. Euclidiana
Distancia ferrovias PNLT 2010 2010 Vetor - Linha Dist. Euclidiana
Social n2 de ndo ocupados IBGE 2010 Tabular Interpolagdo (IDW)
indice Social Atlas Brasil 2010 Tabular Interpolagdo (IDW)
Dist. area urbana* 'IFeTr?tfrFi):I 2015 Vector - Poligono Dist. Euclidiana
Ambiental Dist. Hidrografia** IBGE 2015 | Vector - Linha Dist. Euclidiana
Dist. Ucs*** ICMBio/Semad 2015 Vector - Poligono Dist. Euclidiana

*Influéncia limitada a 5 km da drea urbanizada.

**Apesar da Lei N2 12.651, de 25 de maio de 2012, que instituiu o novo Cédigo Florestal (BRASIL, 2012) determinar que a
maior Area de Protecdo Permanente (APP) de mata ciliar é de 500 m, foi definida uma oneragdo gradual decrescente para
areas até 1000 m de cursos de dgua, a fim de se evitar a proposigdo de empreendimentos em dreas que possam impactar os
recursos hidricos.

***Apesar de o Conama ter revogado em 2010 a Resolugdo Conama 13/1990 (BRASIL, 1990) que determinava a zona de
amortecimento das UCs sem plano de manejo em 10 mil metros, e determinado o novo valor de 3.000 metros, o estudo
adotou um buffer de 10.000 m considerando a importancia dessas zonas para o ecossistema das UCs.

Fonte: Dados primdrios da pesquisa com a respectiva fonte citada na tabela.

A mineracdo representa uma fatia significativa da receita de exportagdo do estado, com uma logistica
dedicada e eficiente. Entretanto, a pauta de exportaces possui outras atividades relevantes que direta
ou indiretamente podem ser beneficiadas com PS estrategicamente localizados. Os principais produtos
exportados sdo: minério de ferro e seus concentrados (29%), café cru e em graos (12%), soja em grdos ou
triturada(8,5%) e ferroligas (8,0%) (BRASIL, 2018). A importagao é mais fracionada, com destaque para
adubos ou fertilizantes quimicos (8,9%), carvao (7,7%), compostos quimicos (4,6%) e demais produtos da
industria de transformacgao (4,3%) (BRASIL, 2018). Para medir exportagdo e importagao, foi considerado
o valor livre e desembaracado sobre o navio, em inglés Free On Board (FOB), dos municipios mineiros no
ano de 2015, conforme disponivel no site do Ministério da Industria, Comércio Exterior e Servicos (MDIC).
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A atividade econdémica foi representada pelo PIB e pelos postos de trabalho relativos aos segmentos
de extrativismo mineral, indUstria de transformacgdo, agropecudria e servicos industriais de utilidade
publica, constantes da Relacdo Anual de Informacdes Sociais (Rais).

Quanto as caracteristicas ambientais, as areas preservadas, em 2010, correspondiam a apenas 6,4%
do territério do estado. A Mata Atlantica correspondia originalmente a 46% do territério total e
hoje representa apenas 5,3% (MINAS GERAIS, 2015). Portanto, ressalta-se a necessidade de que os
investimentos em infraestrutura ndo acentuem os impactos ambientais e nem coloquem em risco as
areas preservadas, ja tdo escassas.

No tocante as caracteristicas sociais, 0s municipios do norte apresentam os piores indices, com renda
per capita inferior 3 média do estado e baixo Indice de Desenvolvimento Humano — IDH (MINAS
GERAIS, 2015). As mesorregides Noroeste, Norte, Jequitinhonha e Mucuri, embora abriguem 15,6%
da populagdo, representam apenas 7,4% do PIB (IBGE, 2010). O indicador de ndo ocupados foi
obtido a partir da Tabela 3580 no Sistema do Instituto Brasileiro de Geografia e Estatistica (IBGE) de
Recuperacdo Automadtica (Sidra) com base nos dados do Censo de 2010 (IBGE, 2010). O indice Social
(IS) foi proposto para ponderar, além da demanda por servigcos portudrios, também o potencial de
impacto socioecondmico regional do PS. O IS é proporcional a popula¢do e inversamente proporcional
ao quadrado do IDH conforme mostra a Equacgao 1.

Pop
IDH?

1§ = (1)

Em que: IDH: indice de Desenvolvimento Humano (Atlas Brasil/Censo de 2010)
Pop: Populacdo obtida também no Atlas Brasil

Os critérios possuem diferentes unidades de medida, portanto foram normalizados para possibilitar a
comparagdo e integracgdo. A faixa de variagdo dos valores foi de 0 a 10. Zero (0) representa auséncia de
influéncia da variavel, um (1) representa o menor custo e 10 o maior. Quanto menor o valor, maior a
atratividade de instalagdo de PS.

Os subcritérios foram referenciados no espaco utilizando a metodologia indicada na Tabela 1. Por se
tratarem de andlises espaciais, e devido a dimensdo geografica da area de estudo, para minimizar
distorgdes cartograficas em medidas de distancias foi adotado o sistema de coordenadas em proje¢ao
cOnica equidistante (MITCHEL, 2005; SNYDER, 1987).

3 METODOLOGIA

A metodologia integrou de forma sequencial dois métodos reconhecidos de defini¢do locacional em
um Unico modelo. Dessa forma, o inverso do indice produzido na AMCE foi utilizado como demanda
ponderada no PLA, conforme descrito na Figura 2. A adog¢do de cendrios propiciou a avaliagdo
da localizacdo dos PS existentes e também o impacto da priorizacdo socioambiental na escolha da
localizacdo de uma nova instalagao.
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Figura 2 | Fluxograma dos procedimentos metodolégicos desenvolvidos.

Fonte: Elaborada pelos autores.

3.1 ANALISE MULTICRITERIO ESPACIAL (AMCE)

Adeterminacdo da hierarquia e os pesos dos critérios foram atribuidos seguindo-se o método AHP (Analytic
Hierarchy Process) (SAATY, 1977, 2008). A pesquisa contou com a participa¢do de dez especialistas da
area de logistica na avaliacdo par a par dos critérios. Os calculos foram realizados utilizando a planilha
desenvolvida por Goepel (2013). O valor do peso de cada critério (w,) foi definido tomando o autovetor
correspondente ao maior autovalor (A) da matriz de comparacdo pareada (CHEN; YU; KHAN, 2010; SAATY,
1977). A hierarquia dos critérios adotados na formulacdo do modelo é ilustrada na Figura 3.

Superficie Integrada de Custo-Oportunidade

(Sico)
Econdmico Competicao Acessibilidade Social Ambiental
Cenérios 1 e 3: 0,489 Cendrios 1 e 3: 0,121 Cenérios 1 e 3: 0,236 Cenarios 1 e 3: 0,075 Cenérios 1 e 3: 0,079
Cenérios 2 e 4: 0,231 Cendrios 2 e 4: 0,057 Cenérios 2 e 4: 0,112 Cenérios 2 e 4: 0,30 Cenérios 2 e 4: 0,30
Atividade Evitar PS . . . . Evitar areas Evitar areas
econdmica %o;nz:x existentes Dlst-orgtsigwas DlSt-O fgzgvlas urbanas sensiveis
0,472 ! 1,00 ! ! 0,396 0,604
PIB Emprego Valor FOB | | Valor FOB Dist. rod. Dist. rod. Ind. ndo Indicador Areas Evitar APPs Evitar
0.808 0,192 exportagéo | | importagéo troncais coletoras ocupados Social urbanas hidrografia UCs
’ ' 0,36 0,64 0,744 0,256 0,376 0,535 0,089 0,621 0,379

Figura 3 | Hierarquia dos critérios selecionados e seus respectivos pesos.

Fonte: Elaborada pelos autores.

A consisténcia da matriz normalizada foi medida por meio da taxa de consisténcia (CR), do consenso
entre os especialistas (EC) e do indice de consisténcia geométrica (GCl), proposto por Crawford e
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Williams (1985). Para a CR, foi adotado o valor limite de 0,10, usado em vdrias aplicacdes do AHP
(APOSTOLOU; HASSELL, 1993; CHEN; YU; KHAN, 2010). Para maior detalhamento do AHP, sugere-se
a leitura de Chen, Yu e Khan (2010) e Saaty (1977, 2008), e sua aplicacdo em analise espacial em
Sadasivuni et al. (2009).

A AMCE foi referenciada no espac¢o para possibilitar andlises espaciais e melhor visualiza¢do. Duas
Superficies Integradas de Custo-Oportunidade (Sico) foram geradas. Sico A com pesos dos critérios
determinados pelo AHP e Sico B com favorecimento socioambiental. Maior detalhamento sobre a Sico
B é apresentado na se¢do 3.3 DEFINICAO DE CENARIOS. A andlise foi desenvolvida em um Sistema
de Informagdes Geograficas (SIG). Os municipios foram classificados com intuito de apresentar as
melhores alternativas para localizagdo de um novo PS.

Cada Sico representa a soma ponderada dos critérios (Equacdo 2). Seguindo a hierarquia
estabelecida no AHP, calculo semelhante a Sico foi empregado a cada critério para coOmputo dos
subcritérios. Excecdo do critério ambiental, construido por sobreposi¢cdo condicionada. As zonas de
amortecimento, dreas urbanas e APPs sdo dreas que devem ser mandatoriamente evitadas para esse
tipo de empreendimento, portanto ndo deve haver ponderacdo entre esses subcritérios no calculo
do critério ambiental.

Sico (XE, }’I) - Z Pn X En(xil }’I) (2)

j=1
Em que: Sico (x,y) = Valor da Superficie Integrada de Custo-Oportunidade no ponto i de coordenada (x,y,).
P_=Peso do critério n, conforme determinado no AHP.
C (x,y) = Valor do critério n no ponto de coordenada (x,y,).

A Andlise de Sensibilidade (AS) da AMCE foi realizada para os critérios social e ambiental utilizando-
se 0 método de variacdo de um critério de cada vez (One-Fator-At-A-Time, OAT) (CHEN; YU; KHAN,
2013; DANIEL, 1958). A intencdo foi avaliar a forca desses critérios e o possivel impacto da priorizacdo
socioambiental. O peso de cada critério variou de 0 a 100% com incrementos de 10%, enquanto os
demais critérios tinham a proporgao do seu peso mantida.

3.2 PROBLEMA DE LOCALIZACAO-ALOCACAO (PLA)

Assim como a etapa anterior (AMCE), o PLA também foi desenvolvido em uma plataforma SIG.
O problema foi construido em uma rede com a conectividade definida em dois grupos: rodovias e
ferrovias. A topologia da rede foi corrigida e validada. Foram especificadas cinco regras para a rede.
Duas de custo, o comprimento do trecho e o tipo da via. Uma de hierarquia de acordo com a classe
de funcdo da via (ferrovia: 1; rodovias troncais e coletoras primdrias: 2; coletoras secundarias: 3; vias
locais: 4). Duas de preferéncia, uma para transito de cargas preferencialmente por ferrovias e outra
para evitar transito em rodovias locais.

Os 79.535 pontos de demanda receberam valores transferidos da Sico correspondente de cada
cenario. Dessa forma, a solu¢do do PLA considera as regras definidas para a rede e também a demanda
ponderada dos critérios econémicos, logisticos, sociais, ambientais e de competicdo. Como candidatos
para localizacdo do PS foram selecionados 94 pontos da rede, distribuidos em todas as mesorregioes
do estado, sendo preferencialmente conexdes rodoferroviarias.

O PLA foi enunciado como um problema de p-medianas. Esse problema consiste em localizar p
instalacOes logisticas (medianas) em uma rede, de modo a minimizar a soma total das distancias de
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cada né de demanda a sua mediana mais préxima (CHRISTOFIDES; BEASLEY, 1982; HAKIMI, 1964; TEITZ;
BART, 1968). A solucdo foi gerada de forma a atender a maior quantidade de pontos de demanda.
Técnicas heuristicas foram usadas, pois o espaco da solucdo cresce até ficar extremamente grande. O
solucionador construiu uma matriz de custos origem-destino (OD). Em seguida, foi feita uma edicdo
de Hillsman (HILLSMAN, 1984), e um conjunto de solu¢Ges semirrandomizadas foi gerado. Aplicou-se
uma heuristica de substituicdao de vértices (TEITZ; BART, 1968) para refinar as solu¢des. Finalmente,
uma meta-heuristica Grasp (FEO; RESENDE, 1995; LORENA et al., 2001) retornou a melhor solucdo de
um grupo de boas solucgGes.

3.3 DEFINICAO DE CENARIOS

Foram definidos quatro cendrios, criados a partir da combina¢do da consideragdo, ou nao, dos PS
existentes com as Sicos computadas pela AMCE. Em cada um dos quatro cendrios, seis localidades
foram selecionadas entre as 94 candidatas para atender aos 79.535 pontos de demanda.

Cenadrio 1: Sem PS existentes + Sico A (pesos critérios AHP).

Cendrio 2: Sem PS existentes + Sico B (priorizagdo socioambiental).
Cenario 3: PS existentes obrigatdrios + Sico A (pesos critérios AHP).
Cenario 4: PS existentes obrigatdrios + Sico B (priorizagdo socioambiental).

Dois cenarios (2 e 4) tiveram priorizagao socioambiental. A priorizagdo ambiental foi realizada visando
a minimiza¢do dos impactos ao meio ambiente e a reducdo dos esforcos do projeto ao evitar areas
ambientalmente sensiveis (MONTANO et al., 2012). J4 o favorecimento dos critérios sociais busca
tornar a instalacdo de um novo PS um instrumento de desenvolvimento regional, que possibilite a
geracdo de empregos e melhora dos indicadores sociais. Os pesos dos critérios social e ambiental foram
definidos arbitrariamente em 30% cada. Os outros trés critérios tiveram seu peso ajustado, mantendo
a proporgao determinada pelo AHP.

Para avaliar a localizacdo dos PS existentes, o modelo foi executado desconsiderando-os (cendrios 1 e
2). Contudo, na realidade, os PS existentes sdo obrigatérios na solugdo, pois ndo faz parte do objetivo
sugerir a desativa¢do de nenhuma instalagao logistica, que inclusive pode ser privada.

4 RESULTADOS E DISCUSSOES

Os pesos determinados pelo AHP para a AMCE foram atestados pela CR = 0,008, com A = 5,035. O valor
de CR observado (< 0,10) assinala consisténcia aceitavel da matriz de comparacdo pareada (APOSTOLOU;
HASSELL, 1993; CHEN; YU; KHAN, 2010). O GClI foi igual a 0,03 e o consenso das opinides foi de 84,6%.

As duas Sico sdo apresentadas na Figura 4. A superficie A (esquerda) considerou os pesos dos critérios
determinados pelo AHP. Do lado direito, a Sico B teve priorizacao socioambiental. Comparando os
dois mapas, observa-se que a priorizagcdo socioambiental reduz o peso econémico e, de certa forma,
equaliza as regides. Essa priorizacdo, entretanto, ndo altera a configuracdo espacial da solucdo, onde
alguns polos regionais permanecem mais atrativos para a instalagao do PS.
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Figura 4 | Superficies integradas de custo-oportunidade para localizagdo de PS em Minas Gerais. Pesos dos critérios deter-
minados pelo AHP (Sico A) e priorizagdo dos critérios social e ambiental (Sico B).

Fonte: Elaborada pelos autores.

Na Sico A (utilizada nos cendrios 1 e 3), o custo de oportunidade maximo paralocalizagdo de PS foide 8,3993
(Arantina, no Sul de Minas) e o minimo de 2,8601 (Betim). Observa-se na Tabela 2 que os municipios mais
atrativos sdo Betim, Montes Claros e Araxa. Entretanto, por ja existirem PS muito préximos da primeira e
da terceira alternativas, provavelmente haverd uma grande competicdo. O destaque é Montes Claros (22
no ranking), pois apresenta grande atratividade e nenhum PS em um raio de 350 km.

A Sico B, empregada nos cendrios com priorizagdo socioambiental (2 e 4), teve os custos variando
entre 9,2408 (Arantina) e 3,4524 (Tedfilo Otoni). A ordem de classificacdo apresentada na Tabela 2 foi
alterada. Porém, oito candidatas permanecem como boas alternativas nas duas AMCE: Betim, Montes
Claros, Araxa, Belo Horizonte, Sete Lagoas, Uberaba, Paracatu e Uberlandia. Na Sico B, Montes Claros
cai da 22 para a 62 posicdo na classificacdo, devido a sua proximidade ao Parque Estadual da Lapa
Grande e a grande area urbanizada.

Tabela 2 | Localidades de maior atratividade para instalagdo do PS de acordo com a AMCE sem prioriza¢do
socioambiental (Sico A).

Ranking | Custo Municipio MicrorregiGo Mesorregido X coord (m) Y coord (m)
1 2,86 Betim Belo Metropolitana de BH | 1.571.640,7 | 1.248.247,0
Horizonte
2 3,07 | Montes Claros '\(’:'Ic;';zis Norte de Minas 1.644.6752 | 1.596.149,6
3 322 Araxd Araxd Triangulo / Alto 1.302.431,1 | 1.315.568,9
Paranaiba
4 3,25 | Belo Horizonte B.elo Metropolitana de BH 1.590.851,3 1.251.391,4
Horizonte
5 3,30 Sete Lagoas Sete Lagoas Metropolitana de BH 1.571.917,2 1.304.824,2
6 1337 | Uberaba Uberaba Triangulo / Alto 1.202.742,4 | 1.304.367,2
Paranaiba
3,75 Itabira Itabira Metropolitana de BH 1.675.155,0 1.272.323,9
3,75 Paracatu Paracatu Noroeste de Minas 1.336.801,3 1.574.621,2
9 3,78 | Uberlandia Uberlandia Triangulo / Alto 1.177.431,2 | 1.405.099,9
Paranaiba
10 3,83 Sa:;f;iodo Ipatinga Vale do Rio Doce 1.746.041,6 | 1.282.858,3
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Ranking | Custo Municipio Microrregido Mesorregido X coord (m) Y coord (m)
11 3,96 Itabirito Ouro Preto Metropolitana de BH 1.606.038,8 1.212.047,3

Tridngulo / Alto
Paranaiba

12 3,97 Araguari Uberlandia 1.186.257,2 1.432.014,4

Fonte: Elaborada pelos autores.

Na Figura 5 pode-se observar a AS do critério ambiental das 12 localidades candidatas a instalagao
do PS que apresentaram o menor custo na Sico A. Todas as localidades apresentaram aumento linear
do custo, com consequente reducdo da atratividade. Paracatu (A87) foi a alternativa que apresentou
menor taxa de crescimento do custo. As poucas localidades (6 das 94) que reduziram o custo ao se
aumentar o peso ambiental ndo estdo entre as 12 primeiras do ranking.

O comportamento da AS do critério social foi diferente do ambiental. A variacdo de custo observada é
menor! e, ao contrario do critério ambiental, a maioria das localidades (66) apresenta redugdo do custo
com o incremento no peso do critério. As localidades que apresentaram aumento do custo ja tinham
custos maiores antes do incremento no peso.

=
o
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Custos
¥ W -1 i (=)] =l co Ve
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—e=— A79 (Belo Horizonte) —s— AB4 (Sete Lagoas) —s— A87 (Paracatu)

Figura 5 | Andlise de Sensibilidade do critério ambiental, com a variagdo observada do custo nas 12 localidades candidatas a
instalagdo do PS de maior atratividade na Sico A.

Fonte: Elaborada pelos autores.

Nos cenarios 1 e 2, devido a configuracdo espacial semelhante das Sico A e B (Figura 4), as localidades
selecionadas foram as mesmas. Ocorreram apenas diferencas minimas na area de cobertura de cada
PS. Trés PS foram localizados em locais onde ja existem instalages na regido (Uberlandia, Varginha e
Contagem). Outros trés foram posicionados nos municipios de Paracatu, Teéfilo Otoni e Montes Claros,
com preferéncia em relacdo aos que ja existem em Uberaba e Juiz de Fora. O resultado aponta a
deficiéncia de PS no norte do estado (mesorregiGes Norte, Noroeste, Vale do Jequitinhonha e Mucuri),
apesar da existéncia de demanda e, consequentemente, potencial para instalacdo. Além disso, devido a
caracteristica gravitacional do PLA, a distribui¢do espacial dos PS foi mais equilibrada do que a distribui¢do
das instalagGes existentes. A area de cobertura de cada PS foi muito similar a drea dos demais.

Nos cenarios 3 e 4, onde os cinco PS existentes sdo obrigatdrios na solugdo, apenas mais um é
acrescido. Montes Claros é escolhida como a melhor solugdo em ambos os cenarios. Apesar da queda
na atratividade apds a priorizacdo socioambiental, Montes Claros foi selecionada no PLA devido a sua
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posicao estratégica (IBGE, 2008), que permite atender uma vasta regido de Minas, ainda nao servida
por terminais alfandegados. Nesses dois cenarios, uma das localidades obrigatdrias, Uberaba, sé foi
acessada por pontos de demanda muito proximos e no seu entorno.

Na Figura 6 sdo apresentadas as localidades selecionadas para instalagcdo dos PS, com sua respectiva
area de cobertura. Devido aos resultados semelhantes nos cendrios 1 e 2, assim como em 3 e 4, 0s
mapas da Figura 6 apresentam apenas os resultados dos cendrios 2 e 4.
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Figura 6 | Portos secos e suas respectivas dreas de cobertura no estado de Minas Gerais para os dois cenarios de prioriza¢gdo
socioambiental (2 e 4).

Fonte: Elaborada pelos autores.

Um fator que influencia a escolha por Montes Claros é a concentragao das atividades de exportacdo e
importacdo da mesorregido Norte de Minas em poucos municipios, a maioria deles localizados no entorno
de Montes Claros. De acordo com dados do MDIC (BRASIL, 2018), quase 99% do valor FOB de exportagdo
da mesorregiao é proveniente de apenas sete municipios. Montes Claros sozinho é responsavel por 49,9%
em 2017 e 38,3% em 2018, do valor total exportado pela mesorregido (BRASIL, 2018).

Os resultados deste estudo corroboram a condicdo de Capital Regional B e a grande area de influéncia
atribuidas a Montes Claros pelo IBGE (2008) na pesquisa Regides de Influéncia das Cidades (Regic).
De acordo com os resultados (Figura 6) e com o IBGE (2008), além da mesorregido Norte de Minas,
Montes Claros influencia também as mesorregides Noroeste, Vale do Jequitinhonha e Mucuri.

A importancia da integracdo de dois métodos de definicao locacional é verificada pela diferenca entre
os resultados de cada método individualmente. Se tivéssemos considerado apenas a AMCE com pesos
determinados pelo AHP, o municipio de Betim teria preferéncia em relacdo a Montes Claros. Contudo,
ja existe um PS na Regido Metropolitana de Belo Horizonte, onde situa-se Betim, de forma a atender a
respectiva demanda regional. Por outro lado, a solu¢do do PLA sem a ponderacdo da Sico seria restrita
a otimizacdo do numero de pontos de demanda atendidos, e a importancia das dimensdes social e
ambiental provavelmente seria negligenciada. Além disso, esse tipo de analise na etapa de planejamento
pode facilitar o processo de licenciamento ambiental, que exige a avaliacdo de alternativas locacionais
ambientalmente viaveis (MONTANO et al., 2012).
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Os projetos de investimentos produtivos direcionados a Minas Gerais entre 2004 e 2014 foram
fortemente concentrados em termos espaciais. Apenas quatro Territdrios de Desenvolvimento
responderam por 70% das inten¢des de investimentos. As regides mais dindmicas foram preferidas, em
detrimento das areas historicamente problematicas do ponto de vista ambiental, econémico e social,
ou seja, as politicas de fomento estaduais sancionaram uma determinada configuracdo produtiva e
espacial preexistente (MINAS GERAIS, 2015). E necessario superar esse cendrio de desigualdade
regional por meio do DESS de todo o estado.

5 CONCLUSAO

Portos secos sdo alternativas para amenizar o congestionamento e os conflitos sociais nas zonas
primarias, diminuir os custos logisticos, dar maior agilidade ao processo e reduzir impactos ambientais.
Contudo, tradicionalmente, o assunto tem sido limitado a area de transportes. Este estudo apresenta
subsidios para a formulagdo de propostas de planejamento mais abrangentes e participativas. Fatores
de cardter social e ambiental, muitas vezes negligenciados na perspectiva cartesiana da engenharia
de transportes, devem ser considerados no momento de escolha do local de uma nova instalagdo.
Dessa forma, o maior beneficio para todas as partes interessadas pode ser alcan¢ado, promovendo o
desenvolvimento regional sustentavel.

A adocgdo conjunta de dois métodos reconhecidos e empregados para a localizacdo de instalagGes
apresentou resultados diferentes de cada método individualmente. Dessa forma, a contribui¢do do
artigo foi demonstrar o ganho alcancado pela integracdo de métodos modernos e consolidados de
suporte a decisdo no planejamento de transportes. O modelo proposto foi otimizado do ponto de vista
logistico ao mesmo tempo que atendeu as demandas sociais e ambientais.

Minas Gerais, embora possua a maior malha rodoviaria do Pais, é um estado com grandes disparidades
regionais. Os resultados demonstraram que as mesorregides do norte (Norte, Noroeste, Jequitinhonha
e Mucuri) sdo carentes de servicos portuarios interiores. Estudos multidimensionais possibilitam que
locais com alto potencial ndo sejam esquecidos, e que a eventual instalacdo de novos PS ndo acentue
a desigualdade de infraestrutura e os problemas ambientais preexistentes. As analises locacionais
desenvolvidas a partir de diferentes cendrios resultaram na convergéncia de Montes Claros como
localizacdo prioritdria para instalacao de PS.

Os autores entendem que o objetivo principal foi alcancado. A metodologia foi discriminada para
subsidiar a discussdo e propiciar a identificacdo das localidades mais adequadas para instalagdo de
PS, tendo em vista elementos logisticos, sociais, ambientais, econ6micos e de competi¢do. Trabalhos
futuros podem incorporar mais variaveis, avaliar as métricas de desempenho do modelo, comparar os
resultados com outros métodos e aplicar uma AS espacialmente explicita.
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ABSTRACT

Over the known history of Brazilian sertdes migration has been recorded as a human response to
drought episodes. Social protection policies beginning around 2003 had dramatically diminished
poverty rates and, within this context, migration changed compared to other periods, becoming more
heterogeneous and diffuse. The article aims to explore the link between drought, migration and social
protection in the Brazilian semiarid region based upon the analysis and conceptual discussion about two
case studies: Submédio Sdo Francisco and Seridd Potiguar. In contrast with the past, actual migration
holds an indirect relation to climate. Public policy softened the impacts of the climate over livelihoods
and changed the coping strategies. In this sense, mobility outside the semi-arid was not a strategy to
survive. Yet, the role of the state in the preceding decades and the region’s historical path —inseparable
from its climate — drew persistent migration flows that still reverberate in present dynamics.

Population mobility. Drought. Cash transfer. Brazilian semi-arid Northeast.

RESUMO

Ao longo da histdria dos sertées, a migragdo foi registrada como resposta humana a episddios de seca.
Politicas de protegdo social iniciadas nos anos 2003 diminuiram drasticamente as taxas de pobreza, ao
passo que a migragdo mudou comparada a outros periodos, tornando-se mais heterogénea e difusa.
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O artigo visa explorar o nexo entre secas, migragdes e protegdo social na regido, baseado na andlise e
discussdo conceitual em torno de dois estudos de caso: o Submédio SGo Francisco e o Serido Potiguar.
Em contraste com o passado, a migra¢do do presente tem uma relacdo indireta com o clima. Politicas
publicas moderaram os impactos do clima sobre os meios de vida e estratégias. Portanto, deixar o
semidrido ndo seria mais uma estratégia de sobrevivéncia. Ainda assim, o papel do estado nas décadas
anteriores e a trajetdria histdrica da regio — insepardvel do clima — desenhou fluxos migratdrios
persistentes que ainda reverberam no presente.

Palavras-chave: Mobilidade populacional. Secas. Transferéncia de renda. Semidrido nordestino.

1 INTRODUCTION

Migration, as a specific type of population mobility, has been historically associated with drought
episodes in the Brazilian semiarid region. Over centuries, the population movement toward coastal
cities or to the southern part of country was a subsistence and even survival strategy to avoid famine,
diseases and the collapse of agricultural systems during periods of severe droughts.

The context underlying those drought episodes relates to the irregular rain regime, which is characteristic
of the region’s climate, combined with poor socioeconomic conditions. Brazilian semiarid is located
mostly in Northeast Brazil and corresponds to approximately 11% of Brazilian territory. This area is
delimited by its physical characteristics, notably its inter-annual rain variability, low water availability
and rains concentrated in three to five months a year. Besides scarce rains, it is common the occurrence
of drought episodes a year or a couple of years with precipitation way below average (MARENGO et
al., 2011). Those aspects are especially problematic for rainfed agriculture, which is a persistent and
relevant activity in Brazilian semiarid.

In addition, the semiarid region has held a large share of the poorest Brazilian population. Since
colonization and for centuries that followed, land concentration shaped social and economic dynamics.
Most of the population established a relation of dependence (and even subservience) with a local elite,
in which they would use and produce in a landlord’s lands, giving part of production as payment. This
system was reinforced by climate, as land owners would provide means for survival — usually benefiting
from dams built by federal government —to those kept under their influence. As result, during periods of
droughts thousands of people would not have access to water or food (as their subsistence production
collapsed), facing death or being forced to flee (ARAUJO, 2000; BURSZTYN, 2008; CHACON, 2007).

During the 20th century, this dynamic shifted due to a more direct — and top-down — State action, as well
as economic modernization processes. Investment in relief measures, such as cash transfer programs, as
cash-for-work programs and water trucks progressively diminished famine, mortality and migration, thus
increasing the resilience and adaptation capacity of the population living in the semi-arid. Still, centuries of
inequality in the access to resources along with focalized and fragment development policies implemented
mostly during military regime (1960’s to 1980’s) resulted in high and persistent poverty rates.

The last drought episode (2011-2017) was one of the longest and harshest ever registered in the region
in terms of rain scarcity and irregularity, but it took place in a different social scenario. Between 2012
and 2015, the Ministry of Integration estimated a loss of 6 billion dollars in the agricultural sector, and
the Federal Government declared state of emergency in 1,100 of the 1,794 municipalities in Brazilian
semiarid (MARENGO; CUNHA; ALVES, 2016). Nevertheless, and in contrast with past contexts, the
rate of poor people in the region dropped from 80% in 1991 to 41% in 2010, due largely to wide
investment in cash transfer programs and advancements in social protection policies. Still reflecting
social improvement, human development index (HDI) raised from 0,291 to 0,591 in the same period.
Given this background, the human impact associated with the six years of low raining did not reflect
past scenarios of disaster and increasing migration or population circulation (for example, seasonal or
temporary mobility) that for so long characterized the long periods of rain scarcity.
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This contrast between past and present raises questions about what elements mediate the link between
migration and climate, more specifically droughts episodes. Furthermore, Brazilian semiarid recent
history points to the role of social protection and cash transfer programs in modifying this relation.
Human impacts related to droughts in the region throughout the last decades provide a picture of a
changing social, economic and political scenario — which includes new and more heterogenic migration
patterns — exposed to a known phenomenon.

This article explores the connections between climate, migration and social protection through the
specificities of Brazilian semiarid. We ground this discussion based upon two case studies within the
region: Submédio Sdo Francisco (Pernambuco and Bahia states) and Seridd Potiguar (state of Rio Grande
do Norte). The first section discusses the extant literature on the effects of drought on migration as well as
the role social protection programs affecting this relationship. The second section brings the study cases
on the Submédio Sao Francisco and Seridd region, followed by concluding remarks in the last section.

2 THE ASSOCIATION BETWEEN DROUGHTS AND SOCIAL PROTECTION
PROGRAMS ON MIGRATION IN BRAZILIAN SEMIARID

Since the colonial occupation in Brazil, drought episodes and their effects have been registered as part
of Brazilian semiarid social landscape. Missionaries in 16th century reported indigenous people fleeing
to coastal regions due to the lack of rains, and settlers recorded massive loss of cattle in 17th century
(MARENGO et al., 2011). One of the most dramatic episodes took place in 1877, during a three-years
drought episode which killed around 500 thousand people and raised nationwide public commotion
(NELSON; FINAN, 2009b).

Population mobility was associated with the drought episodes from the first written registers, as
illustrated by the 16th missionary notes. In the 18th century, though, population in the semiarid grew
significantly, and migration during famine outbreaks due to droughts became massive (CAMPQS, 2014).
Gomes (2001) states that until the 20th century “the human disaster dimension was strictly associated
with migration; facing famine and lack of water to even drink, those who did not die in ‘sertdo’ fled
to another place”. Even in the early 20th century, the number of migrants fleeing drought were so
expressive that the Brazilian government created ‘concentration camps’ allegedly to assist population,
in order to keep the “retirantes” from arriving in the cities of the coast. In 1932, the biggest camp in
Ceard state contained 60 thousand people (NEVES, 1995).

Given this historical background, climate factors are commonly pointed in the literature as the root of
migration flows originating in the region. Population displacement was one of the few survival strategies
available to the poorest population when their survival capacity deteriorated (OJIMA; COSTA; CALIXTA,
2014). Nonetheless, different conceptual frameworks on environment and migration might provide a
sight about different patterns associating population and the droughts in semiarid regions.

The debate about environmental migration gained momentum in the decade of 1980 due largely to
the rising debate about the consequences of climate change on vulnerable populations. El-Hinnawi
(1985), Jacobson (1988) and Myers (2002), among other authors, established and spread the term
“environmental refugee” to name forced migratory movement provoked by environmental disturbances
that undermine life conditions in a given place. In this context, pressures over natural resources where
livelihoods were fragile would result directly in population displacements (CASTLES, 2002). Myers
(2002) estimated 25 million environmental refugees worldwide in 1995 from out-migration from areas
prone to environmental stress. Similarly, Rigaud et al. (2018) more recently calculated 143 million
climate migrants fleeing slow-onset events within developing countries by 2050.

Following this debate, migration driven by droughts has been discussed as a “common sense” assumption
(CASTLES, 2002; MORRISSEY, 2012). As Morrissey (2012) points out, migration is frequently understood
by proponents of the environmental refugee concept as “an inevitable outcome of vulnerability” (p. 43).
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In this sense, out-migration in Brazilian semiarid could be understood as a “natural” consequence of the
impacts of the lack of rains over agricultural production, water availability, food security and possible
social tensions arriving from this resource stress (such as famine outbreaks).

However, droughts are usually not the sole cause of mobility as adaptation strategy (WARNER ET
AL., 2011). Several studies (BARBIERI, 2011; BLACK et al., 2011; CATTANEO et al., 2019; HUGO, 1996;
KACZAN; ORGILL-MEYER, 2019; MCGREGOR, 1994; WARNER, 2010) discuss the high complexity in the
association between climate and migration. First, migration in many cases is not so straightforwardly
derived from livelihood conditions — on the contrary, it can be constrained by multiple factors such as
institutions and social relations (see, e.g., BLACK ET AL., 2011).

In a review of empirical evidence, Kaczan and Orgill-Meyer (2019) highlight the role of income, land
tenure and gender in the relationship between weather and migration. In addition, the human
consequences that would lead to migration (e.g. food and water scarcity) might not themselves
derivate from environmental crisis. Sen (1983), for instance, argues that famine outbreaks during
drought episodes in the African Sahel were due to a failure of individual entitlements — related to a
broader social and political framework — rather than environmental conditions to food production.
Some studies even conclude that the poorest and more vulnerable households cannot afford migrating
during an environmental crisis (e.g. MCNAMARA et al., 2018; MUELLER et al., 2020). Overall, several
authors have discussed migration (and other types of population mobility as well) as an adaptation
strategy to droughts as highly contextual and dependent on factors in multiple dimensions (BLACK et
al., 2011; ADGER and ADAMS, 2013).

Some conceptual frameworks analyzing the association between environmental factors and migration
highlight the complexity of this link and draw attention to the multiple factors involved. According
to Morrissey (2012), a main question regarding studies in the field is to clarify the “relationship
between environmental and non-environmental variables in shaping mobility imperatives and
decisions, in communities experiencing environmental stress”. Along these lines, Hugo (1996)
discussed a model of environmentally driven migration in which “precipitating events” might trigger
population movement under “predisposing conditions”. However, these conditions do not directly
provoke migration; instead, they affect the constraints and facilitators to migration, as well as they
might be modified by policy responses.

Similarly, Black et al. (2011) argue that the migration-environment nexus must be analyzed in multiple
dimensions and levels. The conceptual framework suggested by the authors defines categories that
encompass factors related to the wider context in which a person or group is inserted and that
influences the decision to migrate; for example, due to employment opportunities (economic), existing
conflicts (political) and land productivity (environmental). Likewise, individual characteristics (e.g.
wealth, education, sex and personal preferences) and meso-level characteristics (e.g. social networks
and institutions) may facilitate or undermine the decision to migrate or to stay (BLACK et al., 2011).
Given these multiple levels, environmental change impacts this chain by modifying directly or indirectly
macro conditions in environmental, political, economic, social and demographic spheres (BLACK et
al., 2011). It is implicit in this discussion the impossibility to separate economic from environmental
motivations to move (LILLEOR and VAN DEN BROECK, 2011), as well as the highly contextual, diverse
factors affecting the relationship between migration and droughts (LEIGHTON, 2011)

Since frameworks like those proposed by Hugo (1996) and Black et al. (2011) assume that multiple
drivers play a role in limiting or favoring the decision to migrate, the idea of “forced migration” itself
is softened. Under this perspective, voluntary and forced movement are seen as ends of a continuum
(with “completely voluntary” movement in one side, and “completely forced” movement in the
other). The range of alternatives available to the individual, household or community posits them in
this gradient — the movement is closer to a displacement whether migration is necessary to survival.
The degree of willingness — a “subjective dimension” — and the elements of the underlying context in
scenarios of environmental change might be bridged through the concept of vulnerability (degree in
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which a group is susceptible to suffer impacts from an environmental change and unable to cope with
it, mediated by the adaptive capacity this group presents) (BARBIERI, 2011).

In order to analyze Brazilian semiarid as a study case, we review the literature to identify on the
plethora of (complex) factors addressing the region’s socioeconomic, institutional and political
background. Nelson and Finan (2009) point out that climate hazards is always present in Brazilian
semiarid environment, but only in certain situations — determined by non-environmental factors — it
results in human disasters (including high mortality) and/or people fleeing the region. In this sense,
drought episodes exist primarily as a socio-environmentally driven phenomenon. On one hand, the
region historically presents high levels of poverty and low access to basic services and assets. On the
other hand, choices regarding politics and public policy towards the region also shaped the relationship
between the population and their local climate.

Chacon (2007) synthesizes the questions underlying drought episodes in Brazilian semiarid in four points:
a) land ownership structure; b) socioeconomic and productive structure; c) household disaggregation;
and d) relationship between population and politics. Regarding the first, land uneven distribution is
lasting. From colonial times, land was distributed among a restrict elite that raised and reinforced
political and economic power by regulating population access to resources. From the productive
perspective (b), rainfall agriculture was one of the cornerstones of the production in Brazilian semiarid
until 20th century, mainly to the self-consumption of the most dispossessed population. It is still a
central activity among small farmers and is highly sensitive to climate.

Chacon (2007) also draws attention to the fragilities derived from the departure of family members
to other regions (c): migration itself makes population more sensible to the effects of drought. Finally,
policies had been historically used by some groups in exchange to political “loyalty”, in a pattern named
“clientelismo” (d). Thus, public policies were seen by the majority of population as a gift rather than a
right. Although this path changed with advancements in the overall development of the region, much of
these relations to policy and to politics remain a barrier to more effective and lasting coping strategies.

The relevance of observing multiple factors affecting migration flows is even more evident considering
the changesinrecentscenariosin the region. After mid-20th century and more intensely in 21th century,
migration patterns shifted from massive movements towards the coast and the wealthier region of
Southeast (cities like Sdo Paulo) to more diffuse and heterogeneous movements to smaller cities
and other areas within semiarid region, including return migration and circular mobility (BURSZTYN;
CHACON, 2013; FUSCO; OJIMA, 2014; OJIMA, 2014; ALMEIDA, 2018).

At the same time, the socioeconomic scenario was also transformed. From the 1960s to the 1980s,
Brazil faced an intense process of urbanization (PRIORI et al., 2012). During 1960s and 1970s, the
Northeast region was target for policies oriented to the construction of development poles (such as
priority areas to foster modernized agriculture stablished in SGo Francisco valley and dry lands of Serido
and other regions) (ARAUJO, 2000; BURSZTYN, 2008). In the 2000, federal social protection policies
were significantly expanded, involving federal expenditure in social assistance increased almost fivefold
between 2002 and 2015, what caused poverty in the region to drop (ARAUJO, 2013).

In general, migration (as well as other forms of population mobility such as commuting and seasonal
mobility) seem to have transited along the continuum forced-voluntary movement: if massive flows
of people fleeing characterized Brazilian semiarid in the past, the heterogeneous contemporary
movements are closer to a choice of strategy than in the previous periods. This shift is related to the
changes in social, economic and political landscape, as rain scarcity was not only constant through time
but also is likely increasing due to climate changes (MARENGO et al., 2011).

Along these lines, Ojima, Costa and Calixta (2014) observed statistically a smaller association between
migration and drought occurrence than between migration and social protection benefits, since
people receiving cash transfers or social insurances were less likely to migrate. Similarly, Correia and
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Barbieri (2019) observed the role of social protection programs in the mobility patterns and the coping
mechanisms facing environmental hazards.

Evidences like those indicate that social protection is nowadays an important factor underlying
population movement in the region. It is, thus, necessary to qualify this relation, particularly in terms
of understanding how social protection alter the relation among population and climate events and
how population vulnerabilities and fragilities still historically persist and respond to climate variations.

A nationwide system of social protection began to be structured in Brazil after the decade of 1980,
following the process of redemocratization and an international trend towards the adoption of public
policiesfocused on poverty reductionin a scenario of economic crisis (DRAIBE, 2005). Social protection
was stablished as a right in the Brazilian Constitution of 1988. Despite the legal framework, social
protection measures — mainly those framed as social assistance — were systematically implemented
only in the decade of 2000 (VAITSMAN; ANDRADE; FARIAS, 2009). Policies such as wide-ranging cash
transfer programs and rising minimum wage took effect mainly in the poorest regions, as is the case
of the Brazilian semiarid.

Social protection is frequently defined as those policies aiming to reduce vulnerability and risks of
groups facing poverty and exclusion (DEVEREUX; SABATES-WHEELER, 2004; KOZEL; FALLAVIER;
BADIANI, 2008; OIT, 2014). This aim comprises two facets: shocks and structural conditions (BLANK;
HANDA, 2008; DEVEREUX, 2016). On one hand, social protection protects a person or household from
an isolated disturbance (e.g., economic, environmental or political) that could cause immediate and
profound impacts on its means of living. On the other hand, social protection reduces vulnerabilities
resulted from social exclusion and chronical poverty.

Devereux and Sabates-Wheeler (2004) proposed four categories of social protection measures
according to their interaction with shocks and structural conditions: a) protective measures; b)
preventive measures; c) promotive measures; d) transformative measures. Protective measures (a)
aligns with the concept of safety net measures, which alleviate specific deprivations and avoid deeper
impacts of disturbances. Preventive measures (b) seek to avoid rising deprivation, allowing individual
or groups to cope with livelihood shocks (social insurances are included in this category). Promotive and
transformative measures, in turn, aim to bring these population groups out of their current condition
by enhancing capabilities (c) or modifying social structures (d). These measures are related to broader
development policies and social justice.

Social protection in rural areas — and more specifically, protective measures — is closely linked to
food security. In these contexts, disturbance (of environmental or economic order) affect directly
production and thus production for self-consumption and income also used to acquire food. Kanbur
(2015) highlights not only how shocks could generate food insecurity, but how some strategies adopted
by household could deepen its long-term condition. Short-term measures, as temporary mobility,
selling animals or restricting production variety, might undermine possibilities of future development.
Protective measures such as cash and food transfers avoid immediate food insecurity and prevent
poverty traps. In this sense, rain scarcity impact over rainfed agriculture in the Brazilian semiarid might
affect self-consume, income and husbandry costs among poor rural population.

Thus, the effects of climate over migration might be modified by social protection measures in its two facets
of action: by softening the impact of shocks over the livelihoods (AGRAWAL; PERRIN, 2009; TANLE, 2015) and
by changing the poverty situation underlying the decision to migrate. Therefore, the concepts of strategy
and vulnerabilities bridge migration, climate and social protection. People might migrate in order to improve
their livelihood, to avoid life conditions to deteriorate, or even to survive in the face of oscillations in climate
and other circumstances (economic, political, social). This motivation puts them within the spectrum of
forced and voluntary movement. Social protection policies can modify the necessity to migrate as well as to
provide and to change the alternatives available to the household strategies, thus reducing vulnerabilities.
These policies can potentially shift migration from displacement-like patterns towards voluntary strategies.
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Linking migration, climate and social protection
in Brazilian semiarid: case studies of Submédio
Sdo Francisco and Serido Potiguar

3 STUDY CASES: DROUGHTS AND MIGRATION IN THE BRAZILIAN SEMI-ARID

We describe below two case studies which unveils the linkages between migration and droughts, and
how social protection programs may affect it. We analyze data from two case studies collected in 2017,
both financed by Brazilian Research Network for Climate Change (Rede CLIMA — Rede Brasileira de
Pesquisa em Mudangas Climdticas). The first case — Submédio Sdo Francisco — address the relation
between migration, droughts and social protection through a temporal perspective apprehended by
indicators and the memory and perception of local actors. The Seridé study case discuss the question
through the results of a survey of the perception of the drought effects and its impacts over household
strategies. Thus, the cases present an investigation of the link between migration, climate and social
protection through different methodologies, as the first case emphasizes the qualitative analysis while
the second focuses on quantitative results.

3.1 THE SUBMEDIO SAO FRANCISCO

The Submédio Sdo Francisco is a sub-basin of Sdo Francisco river basin, the largest river crossing
Brazilian semiarid area. Submédio is a 110.000km? area entirely within the Brazilian semiarid climate
zone. Mean rainfall regime varies from 350 to 850 mm a year. It is a plural space, where family (rainfed)
agriculture is, to date, a significant activity to a large share of the population and coexists with large
public irrigation projects, oriented to agroindustrial and high-value production.
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Map 1 | Study area of the Submédio Sdo Francisco case.

Source: elaborated by the authors

This area comprises ninety-three municipalities partially or entirely within the sub-basin. Data
supporting the case discussion was obtained from official statistic (e.g., censuses) and semi-structured
interviews undertaken in 2017 with 41 community leaders and civil society entities members! within
the integrative research project on Socio-Environmental Security (“PI-SSA” — Projeto Integrativo de
Segurang¢a Socioambiental), financed by Rede CLIMA. The questionnaire was comprised of open-
ended questions about the recent drought, and broader observed changes and responses in multiple
dimensions of daily life (e.g. mobility, water access, food security, income, health, family relations).
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The study case investigates through the narratives of the interviewees and the temporal evolution of
indicators the directs effects of drought, the changes caused by social protection measures and the
migration paths. The changes in these three dimensions are compared to discuss the link between them.

As for the rest of the Brazilian semiarid, Submédio is characterized by irregular rainfall and faced one of
the longest drought in the period 2012 - 2017. This drought illustrates the direct impacts of the lack of
rain. Interviewees related that it prejudiced crops and in some cases even made agriculture unfeasible.
Some interviewees mentioned that they have not harvested for the past seven or eight years. Even
though the area is crossed by a large perennial stream — the S3o Francisco river — many farmers near
to the riverbank are equally affected by the rain scarcity. As drought brings river level low (especially
in the dam reservoirs constructed along Sdo Francisco, where water volume reached 4% of capacity),
riverside communities get more distant from the stream and frequently do not have adequate pumping
technology or access to any technology at all. Public irrigation projects settlers, in contrast, where not
affected. Farmers reported drought would not “reach” the irrigated perimeter and they would not lack
water unless Sao Francisco river dried completely.

In this sense, the lack of rain has a direct effect over production of food crops —the main production of
small farmers in the region are manioc, beans and corn — that would serve to self-consumption, income
and cattle feeding. Moreover, rains below average also hinder fishery and extractive activities, such as
the gathering of umbu (Spondias tuberosa) fruits that generate income mainly to women in the region.
Thus, drought impacted income received as well as household budget.

Although rains were reported as having direct effects, the case study analyzed the socioeconomic path
in the region as well, following the conceptual frameworks discussed in the previous section. The aim
is to establish a connection with migration patterns. During the decade of 2000, economic resources
available to the poorest Submédio population improved: the percentage of people living in poverty
dropped from 64% to 44%, and the mean income of the poorest fifth increased 78% from 2000 to 2010.
The reduction of poverty reflects mainly the higher investment in social insurances and cash transfers
and growth of public administration sector, as agricultural grew less than other sectors and production
value of small farming products stagnated in the decade.

At the same time, 51% of the households in Submédio were benefited by Programa Bolsa Familia, the
main federal cash transfer policy, aimed to reach families with children (390,000 beneficiaries in the
ninety-three municipalities within the Submédio sub-basin, receiving a mean of RS 103 per month,
according to Social Development Ministry — MDS data). By 2010, only 57.5% of the mean household
income was from labor, indicating the relevance of social programs in the domestic finances. Regarding
socioeconomic indicators, it is evident the contrast between two municipalities (Petrolina and Juazeiro)
that were target of the development policy of irrigation sites construction and agricultural modernization
during the 1970s and the other municipalities of the region. The poverty rates are significantly lower
than the rest of the region (20% of population living in poverty in 2010) and a mean of 80% of the
household income came from labor in this region — indicating social programs are less significant to
household budget in those municipalities.

Interviews with community leaders (part of the groups interviewed) show that income from rural
activities is rarely sufficient to sustain the household. Households frequently hold a range of activities,
including temporary and informal jobs in other agricultural establishment or in urban centers. Still,
most interviewees, especially the elderly, related changes in the life conditions in the past two decades.
Some of them associated this shift to public policy; social insurance (rural retirement pension), cash
transfer (Programa Bolsa Familia), policies of public purchase (Programa de Aquisicdo de Alimentos)
and the construction of rain collecting cisterns (Programa 1 Milhédo de Cisternas).

Thus, life conditions in Submédio seem to have improved in recent years and led the region to avoid past

scenarios of human disasters, even when rains are more scarce than usual. Some interviewees report that
life quality in rural areas and smallvillages of Submédiois now “viable”. In other words, vulnerabilities where
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reduce, increasing alternatives available. This improvement is associated to protective and preventive-
like measures (namely cash transfer programs) as evidenced by the relative lack of labor opportunities
and low income coming from productive activities. Moreover, there remains socioeconomic inequality of
Submédio in relation to other Brazilian regions and the sub-space of Petrolina and Juazeiro (shaped by
past development policy decisions), so the gap might indicate that structural conditions still were not fully
addressed. Along with this, migration as a strategy facing the region’s context also shifted.

Submeédio, following Brazilian semiarid historic pattern, presents high rates of migration and negative
net migration. The low net migration rate in the region was persistent among past decades: the net
migratory rate (net migration in relation to total population) was -2,49 in the 1991 census, compared to
-3,49in 2010 — it means the region continued to lose population over this time. Even though, migration
flows changed in the recent pastinthe area. In-migrationin urban areas decreased between the decades
of 1980 and 1990, while rural exodus became less intense among adult population during the 2000s,
according to national demographic censuses. Destination places became more diffuse along time as
well. Sdo Paulo metropolitan area is the region that receives most of the migrants from Submédio, but
its relative importance decreased along time in face of other less populated areas (in mid-1990, 20% of
the migrants would go to Sdo Paulo, compared to 10% in 2000s). Similarly, the relevance of Petrolina
and Juazeiro as attraction poles to the rest of the region diminished compared to other areas near
Submédio (as other municipalities in Bahia and Pernambuco semiarid). Moreover, the data available
does not express more heterogeneous movements, as circular mobility arrangements and short-term
migration that might have increased in the region as well.

The meaning and purpose of the movements also changed, according to the perception of local actors.
Older community leaders reported a contrast in their statements between migration in the past and
today. Past movements are recalled as a change for the whole family, in which all or a few members
would migrate to assure the survival of the group. In opposition, they highlight that actual migration
is frequently a strategy by young members of the household for an urban way of life, associated with
their devaluated perception of the region. In this sense, young people migrate seeking economic
opportunities and social mobility despite the needs of the household.

It is noteworthy that most of the interviewees do not associate present migratory movements to the
environment, as they remark improvements in living conditions in the region, mainly following social
protection policies intensification. Nevertheless, the lack of income opportunities, especially during
the prolonged drought (less agricultural production and less job options in larger farms) was also
highlighted. This, by its turn, is mediated by non-environmental factors: some actors within the region
do not “feel the drought” (as some interviewees state) for having access to water and resources (as
pumping technology and rural technical assistance).

In sum, migration characteristics in Submédio followed the path suggested in the first section, as
they have become closer to an alternative than a displacement. This shift might be associated to the
protection of livelihoods in face of shocks (direct drought impacts). Even when production was not
enough to guarantee income and food due to the lack of rains, the income provided by cash transfers
programs and pensions allowed a food security scenario and dynamism in local economy. Policies that
potentially foster structural changes by providing productive alternatives and deepening capabilities
(we could associate with Devereux and Sabates-Wheeler’s (2004) transformative and promotive
measures) are existent — for instance, programs to spread accessible social technologies — but still not
as widespread as social protection protective measures. Thus, improvement in life conditions have
brought migration closer to a choice, but it faces a double threat: as environmental change could raise
stresses, this new profile of the movements might depend on the continuity of the protective measures,
since they are only effective while benefits are delivered.
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3.2 THE SERIDO POTIGUAR

The Seridé Potiguar region involves 17 municipalities and 216,508 inhabitants (85% urban). The
mean temperature is 28.60C, with 23.20C minimum and 35.40C maximum on average. Rain regimes
are irregular with low precipitation (mean 41.3 mm in 2007). As for the most non-irrigated semi-
arid, natural soil fertility is low soil. The region is heavily dependent on agriculture and cash transfer
programs, and water supply relies on few rivers and dams. Nonetheless, the Seridd, as in most parts
of the contemporary Brazil, presents strong urban — rural articulations, with households diversifying
livelihoods through both direct engagement in rural production or indirect linkages (e.g., agro-

industries, services etc), urban employment (especially in the informal sector) and high dependence
on cash-transfer programs.
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Map 2 | Study area of the Seridd Potiguar case, Rio Grande do Norte
Source: CORREA (2018), data from IBGE, Malha Municipal Digital (2010).
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In 2017, with financing from Rede CLIMA, it was implemented the first statistically representative
household survey (n=1,064) in the Brazil’s semi-arid, during one of worse periods of droughts in
history of the semi-arid. The survey collected questions about socioeconomic, environmental and
demographic issues, with a particular focus on vulnerability and adaptation to droughts. The survey
used a three-stage probabilistic sample: municipalities (1%!), urban sectors (2"), households (3™). In
2019 we implemented a follow up of 600 households from the 2017 sample.

The main purpose of the survey was to understand how population perceptions about droughts affect
mobility as an adaptation strategy in the Brazilian semi-arid. Related to this, it was investigated how
migration and temporary mobility (vis-a-vis immobility) is an effective strategy to reduce vulnerability
for slow onset events (at least for this study case). The justification for this focus is that there are scanty
evidences in the literature about the role of distinct types of mobility in adaptation strategies (types,
timing, spatial range, residency status).

Barbieri et al. (2019) analyzed the linkages between mobility, droughts and social protection programs
through bivariate descriptive analysis with significance tests, multiple multinomial regression using
Probit Heckman selection models. Two main conclusions were reached. The first refers to understanding
how distinct categories of mobility (migration, commuting, immobility) differ as adaptation strategies
to droughts. The authors found that while higher exposition and experience with droughts decreases
migration, it increases other types of mobility, especially commuting. Furthermore, migration is more
likely in events not strictly related to droughts; in particular, it is more influenced by pre-existing
socioenvironmental conditions, while commuting is more likely when experiences with droughts
increase, acting as an immediate livelihood adaptation to droughts. Finally, the authors found that men
are more mobile than women, and more likely than women to adopt migration vis-a-vis commuting.

The second conclusion refers to understanding how cash transfer programs (Bolsa Familia, rural
retirement pensions etc) affect perceptions about droughts and adaptation strategies in terms of
mobility. The authors found households with commuters (and not migrants) are always less likely
to diversify livelihoods in terms of cash transfers (compared to households with migrants and no
commuters), independent of perception about droughts. Households receiving social benefits are
negatively associated with commuting (0.62 the odds of having a commuter compared to a non-mover)
and are positively associated with migration (34% higher probability of having a migrant compared to
non-movers, and 108% higher probability of having a migrant compared to commuters). Nonetheless,
if a household receive cash transfers, there is a change in the level of mobility probabilities by age
and perception about severity of droughts: each additional increase in one standard deviation of age
increases the odds of migration in 3% compared to non—movers, or migrants compared to commuters.

4 CONCLUSIONS

The study case on the Submédio Sdo Francisco illustrates how migration patterns are modified along
with changing socioeconomic scenario. Among rural communities, the meaning around migration
shifted from a survival measure to a search for economic opportunities social protection programs
became an important component of household survival strategies, assuring basic needs and income
during extreme events. This change corroborates the discussion in first section: the intensification
of social protection policies in the region reduced poverty and protected households from direct
climate impacts. Before this protection, migration might not decline (as it did not in Submédio) but
rather approximate to the voluntary end of the continuum. On the other hand, the study case on the
Seridd Potiguar shows the importance of understanding that perceptions about droughts may define,
contingent on household characteristics and if they receive cash transfers or not, distinct mobility
strategies, particularly in terms of migration and commuting.

The two case studies cases point to the relevance of protective measures as cash transfer in changing

the socioeconomic scenario of Brazilian semiarid, and maintaining migration as an alternative strategy
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rather than a survival necessity. Social protection programs that foster alternative and sustainable
livelihoods as well the reduction of power inequalities and resource distribution are still not as
widespread as pensions and transfers. Protective measures are able to protect households while
the benefits are delivered and assure food security in the short-run. Thus, adaptive strategies face
a challenge as the uncertain political-institutional scenario might undermine the social protection
effects. As the cases evidenced migration is highly sensitive to the socioeconomic context, migration
paths that recently became similar to voluntary choices could regress to displacement-like movements.

NOTES

1 | 16 interviewees from “Fundos de Pasto” (traditional agricultural communities); 9 from indigenous communities, 5 from
associations of irrigated agriculture, 7 from other agricultural communities,4 from related civil society organizations.
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ABSTRACT

The deposition of atmospheric nitrogen has been increased in urban forest ecosystems, yet it is not
clear how this increase affects soil respiration in the short term. The soil respiration could contribute to
CO2 flux to the atmosphere; therefore, it is essential to understand how nitrogen addition affects soil
respiration and its autotrophic and heterotrophic compartments. We established a randomized block
experiment to investigate the effects of adding 2.5 kg ha-1 (which corresponds to ~ 40% of the total
annual deposition) in soil respiration during five days in an urban tropical forest. The CO2 flux of the
autotrophic and heterotrophic compartments was individualized and measured using an infrared gas
analyzer (IRGA). Two measurements per day (9-11 and 21-23 hours) were assessed for five consecutive
days. Days and nights show no difference in CO2 flux among all compartments. The heterotrophic
respiration was strong negatively affected by nitrogen addition, about 34%. Autotrophic respiration
was positively impacted by nitrogen addition, but no significant differences were found. Heterotrophic
respiration is the primary source of CO2 from the forest soil.
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Autotrophic and Heterotrophic Respiration. Fertilized Experiment. Soil Respiration. CO2
flux. Tijuca Forest.

RESUMO

A deposicdo de nitrogénio atmosférico aumentou nos ecossistemas florestais urbanos, mas ndo estd
claro como esse aumento afeta a respiracéo do solo a curto prazo. A respiragdo do solo pode contribuir
para o fluxo de CO2 na atmosfera, portanto, é essencial entender como a adi¢do de nitrogénio afeta a
respiracdo do solo e seus compartimentos autotroficos e heterotréficos. Estabelecemos um experimento
em bloco randomizado para investigar os efeitos da adigdo de 2,5 kg ha-1 (o que corresponde a ~
40% da deposicdo anual total) na respiragdo do solo durante cinco dias em uma floresta tropical
urbana. O fluxo de CO2 dos compartimentos autotrdfico e heterotrofico foi individualizado e medido
usando um analisador de gds infravermelho (IRGA). Duas medidas por dia (9-11 e 21-23 horas) foram
avaliadas por cinco dias consecutivos. Dias e noites ndo mostram diferen¢a no fluxo de CO2 entre
todos os compartimentos. A respiraco heterotrofica foi fortemente afetada negativamente pela
adigcdo de nitrogénio, cerca de 34%. A respiragdo autotrdfica foi impactada positivamente pela adigéo
de nitrogénio, mas ndo foram encontradas diferencgas significativas. A respiragdo heterotrofica é a
principal fonte de CO2 do solo da floresta.

Palavras-chave: Respiragdo Autotrdfica e Heterotrdfica. Experiment de FertilizagGo. Respiragdo do Solo.
Fluxo de CO2. Floresta da Tijuca.

1 INTRODUCTION

Atmospheric deposition of nitrogen has grown in forest ecosystems (VITOUSEK et al., 1997) as a result
of burning fossil fuels and fertilizer applications in agriculture (DAVIDSON, 2009). According to Magnani
et al., (2007), nitrogen deposition is essential for carbon sequestration in forest ecosystems. However,
the CO2 emissions by autotrophic and heterotrophic respiration in tropical forest soils are still poorly
studied. Soil respiration (Rs) represents the total flux of CO2 emitted by the soil. It can be divided,
in general, into two pools: i) Heterotrophic respiration (Rh) that represents the decomposition and
mineralization process of organic materials in the soil (that is, organo-mineral fraction) and litter (that
is, mostly organic fraction); ii) Autotrophic respiration (Ra) that mainly represents root growth and
exudate production (BOND-LAMBERTY et al., 2004; SUBKE et al., 2006).

The Rs corresponds to the second-largest flux of carbon from the terrestrial system to the atmosphere
(RAICH and SCHLESINGER, 1992; RAICH et al., 2002; SHAO et al., 2014), thus being an important
indicator of climate change. Previous studies show that Rs is influenced by soil temperature and
humidity (DAVIDSON et al., 2000; LIU et al., 2002; RUSTAD et al., 2001). Therefore, the contribution
of each component of Rs must be known to understand the effects of global changes on net CO2
exchanges between terrestrial ecosystems and the atmosphere (ZHOU et al., 2007).

In forest ecosystems, studies show that there is a reduction in heterotrophic respiration after the addition of
N (JANSSENS et al., 2010). The addition of N can boost microbial activity and biomass; or decrease enzymatic
activity and soil organic matter decomposition (JANSSENS et al., 2010; WANG et al., 2017). However, studies
regarding the response of both heterotrophic and autotrophic respiration in a different forest and non-
forest ecosystems after the addition of nitrogen have been the subject of considerable discussion (ALLISON
et al., 2008; CHEN et al., 2017; GAO et al., 2014; JIA et al., 2010; LI et al., 2018; LIU and GREAVER, 2010; LU
etal., 2011; MO et al ., 2007; OLSSON et al., 2005; YAN et al., 2017; ZENG et al., 2018).

In a study conducted at the Tiantong Natural Forest Park GAO et al., (2014) points to a non-linear

response between the amount of N added and the average flux of CO2 from the soil. WANG et al.,
(2017) found a 27% drop in Ra after adding nitrogen.
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To unravel the effect of nitrogen, we conducted an fertilized experiment with separation of Ra and
Rh compartments in a tropical forest for five days. The objective is to understand how the addition
of nitrogen separately affects respiration (i.e., Ra and Rh), as well as to verify possible differences
between night and day fluxes from Ra and Rh pools.

2 MATERIALS AND METHODS
2.1 STUDY AREA

The city of Rio de Janeiro was established within two very uneven geomorphological compartments:
the coastal massifs and the lowland areas. Among the massifs, Tijuca stands out (Figure 1), which
among the massifs is what is found in the most densely populated area of the city of Rio de Janeiro.
(FERNANDES; AVELAR; NETTO, 2006). The present study was carried out in the Tijuca Forest / Massif,
one of the four (4) areas that make up the Tijuca National Park (PARNA-Tijuca) which is a conservation
unit with 3,972 hectares located in the city of Rio de Janeiro between parallels 22 ° 55'S and 23 ° 00'S
and the meridians 43 ° 11'W and 43 ° 19'W, its altitude is between 0 to 1,021m.

eI W

Legenda
‘" & Localizacéo do Experimento {

Datum: SIRGAS 2000
Projecéio: UTH ZONA23 S
Fonte: IBGE

Figure 1 | Tijuca Forest massif and the location of the experiment (red pin).

Source: IBGE.

Currently, Tijuca landscape accommodates several types of land use and cover: grasses, rocky outcrops,
areas occupied by buildings and forests in different successional stages (COELHO NETTO, 1992).
According to COELHO NETTO (2005) the Tijuca massif is a formation from the Precambrian period,
prevailing varied gneisses and granites. PARNA- Tijuca's climate is tropical in altitude with an average
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annual temperature of 229C. The average annual precipitation is between 2.000 and 2.500 mm,
the rainiest period is concentrated in the first four months of the year while the months of May are
characterized by the decrease in rainfall. PARNA-Tijuca is dominated by Oxisols with small pedological
horizons diferences and a deep profiles. In the lower lands there is a predominance of the red-yellow
Oxisols, while in the lands with higher levels they may present small proportions of Leptosols and
Cambisols (COELHO NETTO, 1992). Atmospheric nitrogen deposition is about 6.2 kg N ha-1 year-1 (A.
DE SOUZA et al., 2017; PONETTE-GONZALEZ et al., 2017).

The vegetation is typical of the tropical evergreen-forest, characterized by large trees, palm trees, ferns,
epiphytes and lianas (RIZZINI, 1979). The most frequent plant families are Leguminosae, Sapotaceae,
Bombacaceae, Euphorbiaceae, Meliaceae, Lauraceae, Lecythidaceae, Moraceae and Melastomataceae
(CCN, 1966). According to GOES & QUINTELA, (2015) the families with the greatest number of
individuals are: Asteraceae, Fabaceae, Myrtaceae; Bignoniaceae; Melastomataceae; Verbanaceae and
Anacardiaceae. According to a survey by the Brazilian Forest Service (2018), the height of the individuals
ranges from 1 to 12m, the average diameter is more than 10 cm, the average biomass is about 95.57 t
ha-1, the average basal area is 21.07 m? ha-1 and the average density is about 360 individuals / ha -1
(BRAZILIAN FOREST SERVICE, 2018).
2.2 EXPERIMENTAL DESIGN
The experiment is located on the southern slope of the Tijuca Forest, 530m high, the slope is oriented
to the North. The experiment was established in half of a hectare (100 m x 50m) using a randomized
complete block design that includes four replicate 5 x 5 m? (Figure 2) of each the following treatments:

Heterotrophic Respiration (Rh);

Autotrophic Respiration (Ra);

Organic Soil Matter Respiration (Rsom);

Heterotrophic Respiration + Nitrogen addition (Rh+N);

Autotrophic Respiration + Nitrogen addition (Ra+N);

Organic Soil Matter Respiration + Nitrogen addition (Rsom+N);

The blocks were allocated so that the canopy and the forest floor were homogeneous (Figure 2).
100 m

”

Figure 2 | Study site experimental plot layout. Plot treatment codes: Ra, Autotrophic respiration Rh, Heterotrophic respira-
tion; Rsom, soil organic matter respiration; Ra+N, Autotrophic respiration + nitrogen addition; Rh+N, Heterotrophic respira-
tion + nitrogen addition; Rsom, soil organic matter respiration + nitrogen addition.

5m

wos

Source: Personal archive.
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2.3 TREATMENTS ESTABLISHMENT

Throughout this article study, we consider Rh to be the respiration with the presence of a litter and Ra
to be the respiration due to root growth, both independent of Rsom respiration. All treatments were
established using PVC collars according to Marthewes et al., (2014). The treatments Rsom, Rh, and their
repetitions with the addition of nitrogen were established using collars with 100 x 400 mm, diameter,
and height respectively. Before, the collar's insertion the litter was removed and reserved leaving the
soil exposed (that is, an extra PVC collar of 100mm diameter was used to cut the litter precisely).

Then the collars were inserted into the soil to a depth of 350mm leaving 50mm above the exposed soil.
Finally, the litter removed and previously reserved was replaced inside the collar (i.e., 100 x 400mm).
In these treatments (i.e., Rsom, Rh, Rsom+N, and Rh+N) the collars have four side holes, that is, two
holes on opposite sides. Each hole has a diameter of ~ 3.5cm. On each side, the first hole is located 5cm
along the collar, and the second one 5cm away from the first. That is, these 400mm high collars have
two holes on each side, 5cm apart and 5cm away from the beginning of the collar. A 35-41 um mesh
was used to cover all holes.

Regarding the Ra and Ra + N treatments, these were established using PVC collars of 100 x 150 mm,
diameter, and height respectively. The collars were inserted into the soil to a depth of 100mm, leaving
50mm above the ground. For these treatments, the litter was previously removed, but it was not (re)
allocated, thus allowing the quantification of autotrophic respiration, originating by roots growing
through the bottom of the collar.

For this experiment it is important to clarify that we are considering mycorrhizal respiration in all
treatments, thus allowing the comparison between them, and all measurements were made according
to Marthewes et al., (2014).

2.4 CO2 FLUX MEASUREMENT

The measurement of the flux of carbon dioxide (CO2) started on October 17, 2018, the flux of CO2 in
all treatments was measured for five days in two daily collections, between the periods from 9 to 11
and 21 to 23 hours.

The measurements of soil CO2 flux were performed using a portable infrared gas analyzer - IRGA -
(EGM-2, PP Systems, UK) connected to a CO2 flux chamber that was attached to the PVC collars for
reading the CO2. The IRGA was calibrated to take CO2 readings in 120 seconds or until the flux is stable.
Calculations for CO2 quantification were performed according to equation (1).

CH_CO‘*V

R = _In (1)
A

Where R is the assimilation rate (CO2 flux / unit of area / unit of time), Co is the concentration of CO2
at time zero (T = 0) in hours and Cn is the concentration in the elapsed Tn, A is the area of the exposed
soil (m2) and V the total volume of the system (ie, chamber, 0.0012287 m3).

The collars inserted into the ground do not have a uniform height inside because its height depends on
the presence or absence of litter, and when the litter is present its thickness is not the same among the
collars. Therefore, to correct the added volume (Vadd) that may exist between the limit of the litter and
the upper part of the collar, an iron disk with a diameter of ~ 9cm and a mass of 10g was used.
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The disc was placed inside the collars, without pressure or compression of the litter, that is, only the
weight of the disc exerted force on the litter. With the disc inside each collar in all treatments, the
height between the disc and the upper limit of the collar was then measured. With the measured
height (i.e., litter and collar limit) and the collar diameter, Vadd was calculated. The Vadd was used to
correct the flux of each collar using equation 2, according to (MARTHEWS TR et al., 2014).

Rt’: — Ryc*Va+Vaad 2)
Va

Where, Rc is the corrected measurement, Ruc measurement without the correction of the additional
volume of the collar (m3), Vadd additional volume of the collar measured in the field (m3).

All measurements data were recorded in g m-2 hr-1, and then converted to umol m-2 s-1 by multiplying
the values by 6,312 according to Marthews TR et al., (2014).

2.5 METEOROLOGICAL MEASUREMENT DATA

During the experiment period data of soil temperature, soil relative humidity, and precipitation were
measured at 15-minute intervals, with an automatic weather station Vantage Pro2 Davis .The station was
located 10m far from the blocks within the Tijuca forest canopy, located at 22 ° 57’S, longitude 43 ° 17'W,
and an altitude of 520 m.

2.6 STATISTICAL ANALYSIS

Soil temperature and humidity data were calculated using the daily average. Precipitation was calculated
by the daily sum. Regarding CO2 fluxes, the normality of data distribution was assessed by Shapiro-
Wilk, and the homogeneity of variance by the Fisher test (F) test. The is no difference among block, but
the data did not show normality, so it was decided to use non-parametric tests. The Wilcoxon test was
used to test differences in the CO2 flux (n = 4).

3 RESULTS
3.1 SHORT-LIVED ABIOTIC CHARACTERISTICS

The total rainfall during the 5 days of exposure was 16.40 mm, with a daily average of 3.28 mm. The
maximum fall occurred on the 19th and the minimum decrease on the 17th and 18th with 1.2 mm,
respectively. On other days, the average was 1.4 mm of rain (Figure 3 b). Regarding the soil temperature,
there were no major changes over the 5 days. The average soil temperature (n = 5) was 19.72C, with a
maximum and minimum temperature of 20.6 and 18.32C on days 18 and 21, respectively (Figure 3 c). A
soil density was measured with Meteoroldgica Vantage Pro2 Davis, during an experiment, on average
4.4%, with a maximum and minimum peak of 5 and 4% on days 18 and 20, respectively (Figure 3 d).
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Figure 3 | (a) shows the CO2 flux of each treatment, (b) shows the daily precipitation, (c) shows the average soil temperatu-

re and (d) shows the soil moisture. Whiskers represent standard deviation.

Source: Field experiment data.
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3.2. NIGHT AND DAY FLUX OF CO2

Figure 4 shows the results of the CO2 flux for the day and night periods in the first five days of the
experiment. The median of daytime and nighttime flux is 1.63 and 1.62 umol CO2 m-2 s-1, respectively.
The daytime period showed a maximum flux of 13.76 umol CO2 m-2 s-1, while the maximum nighttime
flux was only 10.89 pmol CO2 m-2 s-1. The minimum flux, on the other hand, show close values
between the daytime and nighttime periods (Figure 4).

There was no significant difference between daytime and nighttime flux (p = 0.4791 - Wilcox test), and
the difference in the median between daytime and nighttime flux is small as shown in figure 4.

10.04

7.51

5.0

2.51

Flux of CO, (pmol CO, m™2 s7')

0.0

09:00 21:00
Hours

Figure 4 | Boxplot of comparison between daytime and nighttime CO2 flux.

Source: Field experiment data.

3.3EFFECTOF NITROGEN ADDITION ON ORGANICSOILMATTER RESPIRATION (RSOM)

Figure 5 shows the results of adding N to Rsom. The results show that the addition of nitrogen increased
the maximum CO2 flux of Rsom by 3 umol CO2 m-2 s-, from 2.52 to 5.52 umol CO2 m-2 s-1, that is,
when there was the addition of nitrogen the maximum CO2 flux has increased considerably. However,
the same trend was not followed by the minimum flux (Figure 5). The results show that there was no
significant difference (p = 0.2624 - Wilcox test) between Rsom and Rsom+N treatments, indicating a
small effect of nitrogen on Rsom respiration.

64

IS
1

S
1

Flux of CO, (umol CO, m™? s‘l)

T T
Rmos Rmos + N

Figure 5 - Boxplot of comparison between Rsom and Rsom + N flux of CO2.

Source: Field experiment data.
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3.4 EFFECT OF ADDING NITROGEN ON HETEROTROPHIC RESPIRATION (RH)

Figure 6 shows the results of adding nitrogen to Rh. The results show that the median of treatments
without and with nitrogen addition are 5.00 and 2.54 umol CO2 m-2 s-1, respectively, indicating that
the addition of nitrogen decreased the performance of heterotrophic decomposers. In addition, a
decrease in the minimum flux after the addition of nitrogen can also be observed, going from 2.34 to

0.93 umol CO2 m-2 s-1 (Figure 6). The results show a negative significant effect of nitrogen addition (p
<0.0001 Wilcox test) as show in Figure 6.

Flux of CO, (umol CO, m™2 s_l)

Rh Rh+ N

Figure 6 | Boxplot of comparison between Rh and Rh + N flux of CO2.

Source: Field experiment data

3.5 EFFECT OF NITROGEN ON AUTOTROPHIC RESPIRATION

Figure 7 shows the effect of adding nitrogen on Ra. The results show that the median decreased after
the addition of nitrogen, from 1.21 to 1.06 pmol CO2 m-2 s- (Figure 7). However, there is a drop in
the maximum flux achieved, going from 2.22 to 2.16 umol CO2 m-2 s-1 after the addition of nitrogen

(Figure 7). The results indicate that there is no effect (p = 0.2091 - Wilcox test) of the addition of
nitrogen in Ra respiration.

3

Flux of CO, (umol CO, m™? s_l)

Rla RaI+N
Figure 7 | Boxplot of comparison between Ra and Ra + N flux of CO2.

Source: Field experiment data
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3.6 COMPARISON BETWEEN AUTOTROPHIC (RA) AND HETEROTROPHIC (RH)
RESPIRATION

Figure 8 shows the comparison between Ra and Rh without the addition of nitrogen. The results show that the
difference between the medians of Ra and Rh is greater than 200%, going from 1.21 to 5.00 umol CO2 m-2s-1,
respectively. Additionaly, the maximum flux of Rh is approximately 6 times greater than that of Ra (Figure 8).
Figure 8 shows that the treatments differ statistically after the addition of nitrogen (p <0.0001 - Wilcox test).

Fluxo de CO, (umol CO, m™? s_l)

Tratamentos

Figure 8 | Boxplot of comparison between autotrophic and heterotrophic respiration.

Source: Field experiment data

4. DISCUSSION
4.1 SOIL RESPIRATION AND ABIOTIC CLIMATIC ASSOCIATION.

Soil temperature and humidity might control respiration. Therefore, we correlate changes in soil
temperature, humidity, and rainfall with CO2 flux measurements. In our results, no positive correlations
were found between the variations and the treatments analyzed. However, we found a negative
correlation between rainfall with Rsom and Rh (Figure 9). Some root traits are already known to be
correlated to root recalcitrance (POIRIER; ROUMET; MUNSON, 2018), and these traits favor short term
stabilization by slowing decomposition. Poirier et al., (2018) already show that root depth distribution
is the most crucial trait to control root C storage, and therefore CO2 emissions.
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Figure 9 | Correlation between CO2 flux compartments and abiotic variables.

Source: Field experiment data.
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4.2 DIFFERENCES BETWEEN DAY AND NIGHT CO2 RESPIRATION

In our study, there was no significant difference (p = 0.4791 - Wilcox test) between day and night CO2
fluxes (Figure 4), indicating that day and night abiotic factors might acting with the same intensive on
decomposition and autotrophic respiration. The average CO2 flux occurred during the day, a similar
result was found by Hu et al., (2016) who found fluxes ranging between 4.15 and 0.20 umol-2s-1 in the
daytime and 3.04 and 0, 13 pmol m-2s-1 at night in a subalpine forest in Tibet.

On the other hand, Grahammer et al., (1991), in a prairie in Northeast Kansas, found a 20% greater CO2
flux during the day. However, in a study carried out in a pasture area on Caatinga vegetation in Brazil,
Renata et al., (2018) found no difference. Previous studies indicate that the daytime and nighttime
variability of the CO2 flux can be affected by the biological growth of plants, photosynthesis, microbial
activity (KUZYAKOV; CHENG, 2001; TANEVA, 2011; VARGAS et al., 2011), but in Tijuca forest we did not
found differences between day and night fluxes, indicating a possible, stable vegetation growth along
the entire day.

4.3 RESPONSES OF HETEROTROFIC RESPIRATION BY NITROGEN ADDITION.

On average, the addition of nitrogen decreases Rh by 34% (Figure 6). However, in a meta-analysis study
Janssens et al., (2010) points to a 15% increase in Rh in forest environments. There is a great variation
range between the results suggesting that in highly productive sites the deposition of nitrogen causes
stronger negative effects. According to Zhou et al., (2014) the nitrogen addition stimulates negative
responses in most Biomes, except in forest biomes. The addition of nitrogen can lead to a decrease
in the rates of “microbial mining”, which has an effect on some microbes during the decomposition
process of organic matter (CRAINE et al., 2007; FONTAINE et al., 2003; MICHEL & MATZNER, 2003)

4.4 RESPONSES OF AUTOTROTROFIC RESPIRATION BY NITROGEN ADDITION

We did not find a significant difference in Ra after adding nitrogen (Figure 7). In a study carried out
in a temperate steppe area Yan et al., (2010) shows that Ra increased due to the increase in plant
productivity. Zeng et al., (2018) in a study carried out in a non-degraded pasture area showed an
increase in Ra after the addition of nitrogen. In a meta-analysis study in different biomes Zhou et al.,
(2014) points out that the addition de nitrogen did not significantly affect Ra in forest environments.
According to Xu and Shang., (2016) Ra is strongly influenced by the carbohydrates of photosynthesis
and can thus increase as the productivity of plants increases.

5 CONCLUSION

The data show that in the analyzed period there was no significant difference between the flows of the
day and the night. The addition of nitrogen did not affect Rsom and Ra, however, it reduced the average
flux of Rh causing a significant difference. The data show that in our area of analysis, in a short period, the
addition of nitrogen may have inhibited the action of microbial biomass, thus causing a reduction in Rh.
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ABSTRACT

Public financial aid policies for disaster response actions are a poorly studied topic. This article analyzed
information extracted from the databases of the State of Emergency and State of Public Calamity
decrees and the costs of disaster relief and response in Brazil, in the period 2013-2017, based on its
spatial-temporal distributions. Disaster relief and response costs are also used in a cross-analysis with
municipal indicators such as the Human Development Index (HDI) and the per capita Gross Domestic
Product (GDP). It was identified that spending exceeded RS 800 million. State civil defences accounted
for most of the resources used (76.4%). In a universe of 564 municipalities that used financial assistance
via the Civil Defense Payment Card, a concentration of 40% of resources was found in 30 municipal civil
defences, some of which in municipalities with high HDI and GDP per capita.

Disasters. Civil defense. Public spending. Development.

RESUMO
As politicas publicas de auxilio financeiro para agdes de resposta a desastres sGo um tema pouco
estudado. Neste artigo analisaram-se informag¢des extraidas das bases de dados dos decretos de
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Situagdo de Emergéncia e Estado de Calamidade Publica e dos custos de socorro e resposta a desastres
no Brasil, no periodo 2013-2017, a partir de suas distribuicdes espagco-temporal. Os custos de socorro e
resposta a desastres sGo também utilizados em uma andlise cruzada com indicadores municipais, como
o Indice de Desenvolvimento Humano (IDHM) e o Produto Interno Bruto (PIB) per capita. Identificou-se
que os gastos excederam RS 800 milhées. As defesas civis estaduais responderam pela maior parte dos
recursos utilizados (76,4%). Em um universo de 564 municipios que utilizaram o auxilio financeiro via
Cartdo de Pagamento de Defesa Civil, constatou-se a concentragdo de 40% dos recursos em 30 defesas
civis municipais, algumas das quais em municipios com alto IDHM e PIB per capita.

Palavras-chave: Desastres. Defesa civil. Gastos publicos. Desenvolvimento.

1 INTRODUCTION

Economic damage in disasters that occurred in the 1998-2017 period was estimated at USS 2.9
billion, 68% higher than the losses reported in the 1978-1997 period (WALLEMACQ & HOUSE, 2018).
These disaster impacts have led to serious obstacles to economic growth, which is measured by the
percentage change in economic activity measured through the Gross Domestic product (GDP). Some
countries experienced annual losses that represented a significant percentage of GDP, such as Haiti
(17.5%), Honduras (7%), El Salvador (4.2%) (WALLEMACQ & HOUSE, 2018).

In addition to the impacts on economic growth — on GDP —, disasters have effects on development
policies. The concept of development is broader than that of economic growth because it considers the
way in which wealth is socially distributed, how citizenship is exercised, how life and dignity conditions
and access to a healthy environment are assured (CARVALHO, 2002). A development indicator is
the Human Development Index (HDI), which includes education, health and income. The HDI offers
a counterpoint to the Gross Domestic Product (GDP) per capita, which considers only the economic
dimension of development (PNUD, 2020).

There is a growing recognition on the part of multilateral organizations that disasters have caused
losses not only to economic growth, but also to development. The Human Development Report 2019
points out that developing countries have suffered, on average, a higher HDI reduction percentage than
developed countries when facing disasters (UNDP, 2019). The report also points out that developing
countries have less resources to prevent and respond to disasters, as well as to implement public policies
for mitigation and/or reduction of disaster risks, whether they be of a structural nature — construction
and maintenance of infrastructure, urban planning — or non-structural — development of contingency
plans, educational actions, evacuation drills etc.

The Global Assessment Report 2015 points out the need to not only recognize that disasters are
obstacles to development, but also stresses that it is necessary to understand disasters as poorly
resolved development problems (UNISDR, 2015). That is, it is necessary to incorporate disaster risk
management as a fundamental component of the development models to be adopted. Disaster risk is
a product that results from the combination of hazard (s), vulnerability, capacity and larger-scale risk
mitigation policies (WISNER et al., 2012).

Hazards are phenomena that can contribute to triggering probable harm. Vulnerability is conceptualized
as the potential to suffer losses and damages in the face of the hazard(s) and to recover after its
occurrence. In addition to economic poverty, vulnerability considers other dimensions of deprivation,
such as lack of physical capacity, insecurity, social isolation, lack of political power (CHAMBERS, 1989), and
has several types, such as institutional vulnerability, which is characterized by obsolescence and rigidity of
institutions, prevalence of political decisions on technical-scientific criteria etc. (WILCHES-CHAUX, 1993).
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The capacities against these hazards and the risk mitigation policies — as exemplified previously —
are important components for reducing impacts, that is, for disaster risk reduction (DRR). With the
increasing impacts of disasters, different countries have adopted disaster risk governance arrangements.
Governance in the context of risks and disasters means the process of defining competences and
coordinating organizations, public and private actors, laws, regulations and standards in order to reduce
the risks of disasters and their impacts (TIERNEY, 2012).

One of the important components of governance is the financing policies for Disaster Risk Management
(DRM). When examining the DRM financing programs, Kellet and collaborators (2014) identified very
heterogeneous approaches and stressed that the problem is not only the lack of financial resources,
but the lack of coordination between the different levels of government, mechanisms for funding by
municipalities, transparency and accountability.

Scientific analyzes of DRM financing policies are still scarce in the scientific literature, especially in the
Latin American context (KELLET et al., 2014). Among Latin American and Caribbean countries, Brazil
has a history of recent disasters with significant impacts, such as the disaster related to floods and
landslides in November 2008, in Santa Catarina, with losses and damages estimated at RS 5.32 billion
(BANCO MUNDIAL, 2012a); the June 2010 floods in Pernambuco, with losses and damages of around
RS 3.4 billion (BANCO MUNDIAL, 2012b); and the catastrophe in the mountainous region of Rio de
Janeiro, when more than 900 people died in floods and landslides in January 2011 and about RS 4.78
billion in losses were accounted for (BANCO MUNDIAL, 2012c).

These disasters catalyzed investments by the Brazilian government. Marchezini et al. (2017) consider
that the trend of increasing the percentage of national GDP invested in DRM follows the global logic.
In 2006, the percentage of GDP invested was only 0.0009%. In 2009, a year after the disaster in Santa
Catarina, the percentage increased to 0.02% of GDP.

In 2010, the percentage increased to 0.04% of GDP, the highest level in the period analyzed. With the
catastrophe in Rio de Janeiro in 2011, the percentage of GDP invested in DRM increased successively
in the following two years (0.015% of GDP in 2012; 0.023% of GDP in 2013), decreasing again in 2014
(0.011% of GDP).

The scope of financial resources in DRM also includes those for disaster response, a topic with few
scientific analyzes (KELLET et al., 2014). This article aims to analyze the public policy of financial
assistance for disaster response actions in the period 2013 to 2017, when the Civil Defense Payment
Card (CPDC) is implemented. CPDC is a way of transferring resources within the scope of the National
System for Civil Defense and Protection (SINPDEC).

The organization of SINPDEC is presented briefly in the second section of this article, highlighting the main
management instruments related to financial assistance for response actions: i) the Brazilian Disaster
Codification; ii) the Disaster Information Form; iii) the declaration of State of Emergency (SE) and the State
of Public Calamity (SPC); and, iv) the Civil Defense Payment Card (CPDC). Of these four elements, two will
be analyzed: a) the SE and SPC statements; and, b) the financial aid expenses for response actions through
the CPDC. After this characterization, the third section describes the method and data used.

Then, inthe fourth section, basic statistics and spatial-temporal distributions of disasters and use of CPDC
by states and municipalities in the period 2013-2017 are presented. Still in the fourth section, based on
a sample of the 30 municipalities that spent more than RS 1 million on the CPDC, a correlation analysis
is made between the CPDC spending profile of these municipalities and other municipal indicators: the
MHDI — as an indicator of development — and GDP per capita — as an indicator of economic growth.
These results of the Brazilian case are discussed, in the fifth section, based on scientific studies that
have addressed funding and financial assistance policies in disaster response actions in other countries.
Finally, in the conclusions and recommendations, suggestions for improving public policy are presented
based on the data presented in the analysis.
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2 THE NATIONAL SYSTEM FOR CIVIL DEFENSE AND PROTECTION

The National Department for Civil Defense (SEDEC) (CASTRO et al., 2004) considers civil defense
activities as a “set of preventive and relief actions designed to avoid or minimize disasters, preserve
the morale of the population and restore social normality”.

According to this federal management body (BRASIL, 2017), preventive actions refer to measures for
planning the occupation of geographical space and the execution of works and services in areas considered
at risk. The response actions include rescue activities, restoration of essential services and assistance to
those affected, that is, emergency measures aimed at serving the population (BRASIL, 2017).

Finally, recovery and reconstruction actions are defined as the activities developed “after disaster response
operations and aimed at recovering the infrastructure and restoring, in its entirety, public services, the
economy of the area, social morality and the well-being of the population” (CASTRO et al., 2004).

Civil defense actions are organized in the form of a National System for Civil Defense and Protection
(SINPDEC), composed of: consultative body (National Council for Civil Defense and Protection); central
body (SEDEC), state bodies and the Federal District, and, sometimes, regional coordinators in those states;
municipal civil defense agencies; and, finally, sectoral bodies, from the three spheres of government. It
should also be noted that SINPDEC is responsible for implementing the National Policy on Civil Defense
and Protection - PNPDEC and that it can mobilize civil society to act in a disaster situation, coordinating
logistical support for the development of civil defense and protection actions (BRASIL, 2017).

One of the guiding elements of civil defense activities is the typology of hazards and disasters. With
the 2011 catastrophe and the adoption of PNPDEC, SEDEC adopts the Brazilian Classification and
Codification of Disasters (COBRADE) which is “corresponding to the classification of disasters in the
International Disaster Database (EM-DAT)” (BRASIL, 2017, p.30). COBRADE has two broad categories of
hazards: 1) natural; and, 2) technological.

The natural category covers five groups of hazards, some divided into subgroups (BRAZIL, 2017):
i) geological (earthquake, volcanic emanation, erosion, mass movement such as landslides); ii)
hydrological (river floods, flash floods, surface water floods); iii) meteorological (cyclones, heat waves,
etc.); iv) climatological (drought); and, v) biological (epidemics and infestations/pests).

The technological category includes five other groups of hazards: i) disasters related to radioactive
substances; ii) disasters related to dangerous products; iii) disasters related to urban fires; iv) disasters
related to civil works; and, v) disasters related to the transportation of passengers and non-dangerous
cargo (BRASIL, 2017).

Faced with a disaster in the municipality, the civil defense must choose a single type of hazard/disaster
at COBRADE and complete the Disaster Information Form (FIDE) to assess the damage in that disaster.

FIDE filling out is guided by manuals (BRASIL, 2017) and must take place online through the Integrated
Disaster Information System (S21D), one of the requirements for the request for recognition of a State
of Emergency (SE) or State of Public Calamity (SPC).

2.1 PROCEDURES FOR DECLARING SE AND SPC

In Brazil, one of the mechanisms of disaster management is the declaration of SE or SPC. SE is the “recognition
(legal) by the public authorities of an abnormal situation, caused by disasters, causing surmountable
(bearable) damage by the affected community”. The SPC, on the other hand, is the “recognition (legal)
by the public authorities of an abnormal situation, provoked by disasters, causing serious damage to the
affected community, including the safety or the lives of its members” (BRASIL, 2007, p.8).
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In the legal framework, the term of validity of the SE or SPC decree “varies between 30, 60 and 90 days,
which may be extended to 180 days” (BRASIL, 2007, p.24).

The SE or SPC decree process by municipalities, states and the Federal District is governed by procedures
and criteria established in Normative Instruction n2 02, of December 20, 2016 (BRASIL, 2016). This
Normative Instruction establishes some concepts to guide the operationalization of the policy, such as
the definitions of damage, loss, disaster, response and resources:

DAMAGE: result of human, material or environmental losses inflicted on people,
communities, institutions, facilities and ecosystems, as a result of a disaster.

LOSS: extent of loss related to the economic, social and patrimonial value of a given asset,
in circumstances of disaster.

DISASTER: result of adverse events, natural, technological or of anthropic origin, on a
vulnerable scenario exposed to the hazard, causing human, material or environmental
damages and consequent economic and social damages.

RESPONSE: emergency measures, carried out during or after the disaster, aimed at the
relief and assistance of the affected population and the return of essential services.

RESOURCES: set of material, human, institutional and financial assets that can be used in
case of disaster and are necessary to restore normalcy.

The main criterion for the decree is the intensity of the disaster. The normative instruction establishes
that “disasters of level | and Il give rise to the decree of SE, while disasters of level Ill to SPC” (BRASIL,
2016). Table 1 compiles the definitions of these three levels that guide the decree.

Table 1 | Disaster intensity levels, defined by SINPDEC.

Disaster intensity Definition

Level | disasters are those in which there is only considerable human losses and that the situation of
LEVEL | normality can be reestablished with the resources mobilized at the local level or reinforced by the
contribution of state and federal resources. (Art. 2nd § 1st)

Characterized by the occurrence of at least two types of losses, one of them being obligatory human
LEVEL II losses that have an impact on the public economic loss or in the private economic loss that affect the
capacity of the local government to respond and manage the installed crisis. (Art.3rd)

Characterized by the concomitant existence of deaths, isolation of the population, interruption
LEVEL Il of essential services, interdiction or destruction of housing units, damage or destruction of public
facilities providing essential services and public infrastructure works (Art.4th)

Source: Brazil (2016).

Proof of the occurrence of these criteria is requested through forms, among which FIDE stands out, technical
documents and audiovisual records that assist in the understanding of the damage (BRASIL, 2017). The
set of this documentation is electronically sent via the S2ID. After the occurrence of an event that causes
damage within the intensity levels explained in Table 1, it will be up to the municipality, or the State, to send
the information by S2ID within the period stipulated by the normative instruction, in general, from 15 to 20
days, a period that varies according to the type of disaster (“sudden, gradual or chronic evolution”).

After analyzing the documentation, the federal entity — SEDEC — may or may not recognize the SE and
SPC decree request. The homologation of the federal recognition will allow the municipality to request
federal resources for the execution of response and recovery actions. The use of these resources for
response will take place through the civil defense payment card.
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2.2 THE CIVIL DEFENSE PAYMENT CARD

CPDC is a specific means for implementing federal resources for response actions, assistance to those
affected and reestablishment of essential services (BRASIL, 2017). It was designed to fulfill two main
objectives: i) “accelerate the transfer of resources to municipalities and states (...)”; and, ii) “provide
transparency and social control in the use of these resources” (BRASIL, 2017, p.68). CPDC is a form of
payment based on legal instruments (BRASIL, 2017) that require, on the part of civil defense agencies,
technical, legal and tax knowledge.

In order to use the resources, civil defense agencies need to acquire CPDC from Bank of Brasil (Banco
do Brasil) before declaring SE or SPC. Without joining the CPDC, even if the SE or SPC is recognized,
the entity will not be able to receive federal funds for response actions, assistance to the victims and
reestablishment of essential services (BRASIL, 2017).

An important issue of these disaster management mechanisms refers to definitions of what response,
assistance and the restoration of essential services consist of. The definitions are important guidelines
for the use of CPDC. Federal decree n° 7.257, of August 4, 2010 establishes these definitions:

RESPONSE ACTIONS: they are “immediate actions to respond to disasters with the objective of helping
the affected population, including search and rescue, first aid, pre-hospital care and emergency medical
and surgical care (...)".

ACTIONS TO ASSIST VICTIMS: “Immediate actions aimed at guaranteeing conditions of safety and
citizenship to those affected, including the supply of drinking water, the provision and means of
preparing food, the supply of shelter, clothing, cleaning and personal hygiene, the installation of
laundries, bathrooms, logistical support for the teams committed to the development of these actions,
comprehensive health care, handling the dead {(...)”

ACTIONS FOR THE ESTABLISHMENT OF ESSENTIAL SERVICES: “emergency actions aimed at restoring
safety and habitability conditions in the area affected by the disaster, including the dismantling of
buildingsand works of art withcompromised structures, the supplyand distribution of electricity, drinking
water, sewage, urban cleaning, rainwater drainage, public transportation, traffic, communications,
drinking water supply and clearing and debris removal {...)".

The request for these resources through CPDC requires technical preparation of civil defense agencies -
municipal or state - not only to know these definitions, but also to formulate a Detailed Response Plan
(PDR) and submit it to SEDEC.

The PDR requires municipalities or states to add information on the number of human losses, the response
actions in progress by the municipality, the items that are needed, the quantity requested, the unit value,
justifying the need for each of the requested resources, among other information that requires technical
capacity to be properly elaborated, while the municipal teams need to respond to the disaster.

Based on this contextualization about SINPDEC with regard to response actions and some of its main
management instruments — the decree of SE or SPC and the CPDC —, the next section describes the
method used to obtain the spatial-temporal distributions of the SE/SPC and CPDC costs and, based on
distributions, analyze these two types of data.
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3 METHOD

In this article, the years 2013 to 2017 were considered for analysis, because it is in this period that
the two databases are available: i) the SE and SPC statements; and, ii) data from the Civil Defense
Payment Card (CPDC).

The data referring to SE and SPC statements were obtained from the S2ID website (https://s2id.mi.gov.
br/paginas/) and contain information such as the name of the municipality, the type of hazard according
to COBRADE typology, the date of the SE or SPC decree and the date of publication of the ordinance
in the Federal Official Gazette (Table 2). CPDC data were extracted from the Transparency Portal of
the Federal Government. Table 2 presents the attributes of the data obtained from the two different
portals consulted, as mentioned.

Table 2 | Attributes of the data obtained from the S2ID and the Transparency Portal

Attributes
Declarations of SE or SPC (52ID) CPDC (Transparency Portal)
FU Code superior body Executor expense
Geocode Name superior body Number agreement
Municipality Code body Code contracting party
Decree Nome body Name contracting party*
datadec (decree date) Code managing unit Transfer
Disaster Name managing unit Transaction
SE or SPC Year statement Date transaction
Ordinance Month statement Value transaction
DOU (Official Gazette of the Union) CPF holder
NDOU (number of the Official Gazette of the Union) Holder name
DtDOU (Date of the Official Gazette of the Union) CN;;:gﬁiT;rsiihe
Rite Name of the beneficiary

* |t is the beneficiary of CPDC, the municipal or state agency.
** |t is the product supplier or service provider who will receive payment.

Source: Elaborated by the authors

In the S2ID data, two types of errors were found and adjusted: one in which the attribute “geocode”
did not match the name of the municipality and another in which the name of the municipality was not
spelled according to what appears in the IBGE database.

In addition, the disaster typology (disaster attribute) does not specify exactly the event and, in many cases,
groups them, in addition to not adopting standardized terminology and referring to the same typology using
different expressions. Regarding the Transparency Portal, two limitations are mentioned in the records: i)
a large part of the agreement is the State and not the municipalities, thus making the delimitation of the
area which has suffered disasters unfeasible; and, ii) the Transparency Portal does not describe the type of
disaster or any details about the cause that culminated in the need to use CPCD resources.

After making the necessary adjustments, the data were included in a Geographic Information System
environment in order to perform the spatial distribution of data regarding the SE and SPC declarations,
considering the following criteria:

the number of reporting municipalities per year, which indicates the number of municipalities
with disasters recognized by SEDEC;
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the number of SE or SPC per year, which indicates the number of disasters recognized by SEDEC;
the frequency of declarations by municipality, that is, the frequency of disasters by municipality;
the number of SE or SPC by type of event, that is, by type of disaster according to COBRADE typology.

The next step consisted of a selection in the database regarding the use of the CPDC. At this stage, the
data were analyzed in order to obtain:

the distribution of total expenses with the CPDC per year, which explain the federal financial
aid for disaster relief and response actions;

The total value over the entire period and also per year of CPDC resources that the States used
for response actions in the municipalities

the number of municipalities that used CPDC;

a ranking of the 30 municipalities with the highest use of CPDC whose data were correlated
with other municipal indicators that express their level of development (Municipal Human
Development Index-MHDI), obtained in PNUD (2013) and economic (Gross Domestic Product
per- capita), obtained from IBGE (2017).

Since the databases for SE and SPC declarations and CPDC spending were not associated, it was not
possible to discriminate CPDC spending by the types of disasters contained in the declarations.

4 RESULTS

In this section are presented, for the period 2013-2017, some statistics and maps of the spatial-temporal
distributions derived from the SE and SPC declarations and CPDC spending databases described in section 3.

4.1 STATISTICS RELATING TO SE AND SPC DECLARATIONS

Of the 5570 municipalities in Brazil, 3057 municipalities (54.88%) declared, at least once, SE or SPC
due to disasters in the period 2013-2017 — an average of 1746 municipalities per year (31.34% of those
existing in Brazil).

There were 13894 disasters recognized by SEDEC, an average of 2778 per year. In the period, 51 disasters
were considered as SPC, that is, classified as the maximum intensity category - level lll.

Dry spells and droughts account for 81.78% of these records and have been frequent, mainly in the Northeast
Region. River floods, flash floods and surface water floods are the second with the highest percentage of
records (9.37%) and are distributed in the South (58.91%), North (19.05%) and Southeast (11.9%) regions.
Table 3 shows a summary of statistics on the SE and SPC declarations in the analyzed period.
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Table 3 | Statistics of spatial-temporal distributions of SE-SPC declarations

N@ of municipalities that declared SE or SPC at least once 3057%*
Ne total of declarations N® of declarations of SE N® of declarations of SPC
13894 13843 51
Number of declarations and reporting municipalities per year

Year N@ of declarations N2 of reporting municipalities
2013 3747 1938
2014 2666 1886
2015 2511 1592
2016 2072 1450
2017 2898 1864

Percentage distribution of total declarations by region
North (N) Northeast (NE) Central-west (CW) Southeast (SE) South (S)

2.41% 73.16% 1.38% 11.35% 11.69%

Percentage distribution of frequency of declarations

Frequency ranges

Percentage of
the total of 3057

Percentage of municipalities by region

municipalities N NE w SE S
lto4d 58.62% 8.15% 21.60% 7.31% 19.03% 43.92%
5to7 12.82% 2.80% 71.94% 0.00% 18.37% 6.89%
8to 10 22.44% 0.00% 90.23% 0.00% 9.62% 0.15%
11to 12 6.12% 0.00% 98.93% 0.00% 1.07% 0.00%
Percentage distribution of total declarations by type of hazard
Type of hazard Percentage
Dry spells and droughts (DSD) 81.78%
River floods, flash floods and surface water floods (RFFFSWF) 9.37%
Local convective storms and heavy rains (LCTHR) 5.30%
Mass landslides (DM) 0.17%
Other** 3.38%
Percentage distribution of total declarations by type of hazard by region
Percentage of declarations by region
Hozard N NE cw SE S

DSD 0.54% 88.40% 0.10% 10.49% 0.47%

RFFFSWF 19.05% 7.14% 3.00% 11.90% 58.91%

LCTHR 0.81% 1.49% 16.96% 16.83% 63.91%

DM 4.16% 16.67% 0.00% 41.67% 37.50%

OTHER 21.66% 2.12% 3.61% 64.12% 8.49%

* corresponding to 54.88% of the total of 5570 municipalities in Brazil.
** technological, biological disasters, tornadoes, cyclones, hail, fires, erosions, debris flow.

Source: Elaborated by the authors, based on data from S2ID.

4.2 — SPATIAL-TEMPORAL DISTRIBUTIONS OF SE AND SPC DECLARATIONS

In the period covered, Brazil recorded several disasters, such as the river floods of 2012, 2014 and
2015 in Acre (AC); droughts in the Amazon in 2015-2016; river floods, flashfloods and landslides in the
Southeast, especially in the states of MG, ES, RJ in 2013; the catastrophe associated with the rupture of
the dam in Mariana-MG in 2015; drought in the semiarid region from 2012 to 2017.

Figure 1 shows the spatial-temporal distribution of disaster statements. The Northeast Region accounts
for 73.16% of disasters in the period. Dry spells and droughts account for more than half of the annual
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average, being more than 1500 municipal notifications per year, especially in the Northeast Region and
in the North of the State of MG (Southeast Region). In 2013, there were 13 municipalities that declared
SE four times, all located in the Northeast Region.
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Figure 1 | Spatial-temporal distribution of SE-SPC declarations in Brazil, 2013-2017 period.
Source: Elaborated by the authors, based on data from S2ID.
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Figure 2 presents the map of the spatial distribution of the frequency of declarations for the analyzed
period and also a graph indicating the total declarations made by each State in each year. In 185
municipalities in the Northeast Region (which corresponds to 10.31% of the municipalities in the
Region), the frequency of declarations reached the range between 11 and 12 records, an average of
more than two declarations per year. The highest occurrence was in the State of Paraiba (PB) with 170
municipalities, with emphasis on Sdo José de Piranhas, with 12 declarations.
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Figure 2 | Spatial-temporal distribution of the frequency of declarations of SE-SPC in Brazil, period 2013-2017, and bar chart
with the total of declarations of States in each year.

Source: Elaborated by the authors, based on data from S2ID.
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Most municipalities that declared SE-SPC due to river floods, flash floods and/or surface water floods did
so more than once a year, especially in the South and North Regions. There is also the scenario in which
municipalities experienced multiple hazards in the same year or over the period, such as the municipality
of Rio Branco — AC, which in 2013 declared SE for both drought and river flood. Or the municipalities
of Brasiléia and Epitaciolandia, both in the AC, which declared SE due to drought and also due to viral
infectious diseases. Figure 3 illustrates the temporal distribution of SE — SPC by hazard type.
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Figure 3 | Temporal distribution of SE-SPC declarations by type of threat in the period 2013-2017.
Source: Elaborated by the authors, based on data from S2ID.

One aspect that draws attention is the low amount of SE-SPC registration due to landslides, forest fires,
technological and biological disasters. Technological disasters totaled 15 declarations, with the highest
occurrence in 2015, associated with the rupture of dams in the State of MG. Biological disasters were
concentrated in 2017 with 68 declarations, 62 in municipalities in MG, due to viral infectious diseases.

4.3 STATISTICS RELATING TO CPDC EXPENSES

States and municipalities that enact SE and SPC can use the CPDC. In cases of disasters that affect
more than one municipality — such as those related to dry spells and droughts —, state civil defenses
themselves can make use of the CPDC in favor of the municipalities that have been approved by SE and
SPC. However, through the data available on the Transparency Portal, it is not possible to discriminate
in favor of which municipalities these spending were made.

Of the total expenses with CPDC in the period — approximately RS 807.7 million — 76.45% (R$ 617.9
million) were used with the intermediation of 21 Brazilian states and 23.55% (RS 189.7 million) directly
by 564 municipalities (Table 4). Among the 21 States, the first nine positions were occupied by those
in the Northeast region, with emphasis on CE, PE, Pl and AL, which accounted for just over half of the
resources used by the States.

Table 4 shows the expenses with the CPDC made with the intermediation of the States and the
municipalities that are part of it, together with the number of declarations of SE and SPC in the analyzed
period. It is ranked from highest to lowest total expenses on CPDC in order to facilitate the perception
that the magnitude of these expenses is not directly related to the number of SE and SPC declarations
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made by the State and its municipalities. The State of Paraiba (PB), for example, recorded the largest
number of SE and SPC declarations in the period (2142) and had total spending with the CPDC that
were lower than the State of Ceara (CE). CE registered almost the same number of declarations as Pl

and its total spending on CPDC was 2.36 times higher.

Table 4 | CPDC expenses and total declarations between 2013 and 2017

FU CPDC Expenses CPDC Expenses Total CPDC Expenses | Number of declarations
by State by Municipalities SE + SPC
CE 148.552.394,50 481.772,88 149.034.167,38 1461
PB 49.917.265,79 54.198.609,20 104.115.874,99 2142
PE 78.943.909,35 2.091.464,87 81.035.374,22 1279
Pl 63.033.887,45 44.595,44 63.078.482,89 1518
AL 57.074.976,28 1.285.363,18 58.360.339,46 374
RN 48.963.360,96 8.716.256,73 57.679.617,69 1389
BA 25.303.051,71 17.385.328,13 42.688.379,84 1711
MG 21.949.506,59 19.289.286,60 41.238.793,19 1299
AM 9.751.670,98 22.943.570.20 32.695.241,18 174
MA 30.781.129,27 0,00 30.781.129,27 117
AC 14.731.789,83 9.353.631,03 24.085.420,86 40
R 7.656.660,01 15.345.344,73 23.002.004,74 44
RS 13.835.699,28 6.338.159,53 20.173.858,81 783
SE 19.606.816,26 0,00 19.606.816,26 172
SC 5.231.898,86 12.830.828,75 18.062.727,61 395
RO 13.390.024,26 0,00 13.390.024,26 13
PR 6.616.198,20 4.303.357,67 10.919.555,87 446
SP 0,00 5.880.513,93 5.880.513,93 79
PA 860.642,00 2.735.692,49 3.596.334,49 67
AP 237.116,97 2.956.682,00 3.193.798,97 8
GO 0,00 1.881.862,47 1.881.862,47 13
MT 1.168.500,00 97.575,80 1.266.075,80 121
ES 0,00 960.806,00 960.806,00 155
MS 0,00 627.324,63 627.324,63 57
RR 357.886,00 0,00 357.886,00 25
DF 0,00 0,00 0,00 1
TO 0,00 0,00 0,00 11
Total 617.964.384,55 189.748.026,26 807.712.410,81 13894

Source: Elaborated by the authors, based on data from the Transparency Portal and S2ID.

Average expenses on the CPDC per year was approximately RS 161.5 million, with an emphasis on

2014, with RS

270 million.

It is possible to identify that in the Northeast Region, States tend to be intermediaries in the use of
CPDC resources to be applied in the municipalities in SE and SPC — with the exception of PB, where
the use of CPDC resources directly by the municipalities and with the intermediation of the State were
proportional in terms of the amount used over the period. In the South and Southeast Regions — with
the exception of the States of MG and RS —, an opposite scenario is identified, with municipalities
directly accessing financial resources via CPDC.
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4.4 EXPENSES ON CPDC BY MUNICIPALITY

Of the 3057 municipalities that enacted SE or SPC, 18.45% of them (564) made use of CPDC resources
on their own.

Of these 564 municipalities, 54.61% (308) are concentrated in the Northeast Region, mainly in PB (184
municipalities) and BA (118 municipalities). The South Region is the second in number of municipalities
(133) using the CPDC, 70 of which (61.95%) are from SC. The Southeast Region has 60 municipalities using
CPDC, the majority (70%) in MG. In the North Region, AM registered 36 of the 59 municipalities. Figure 4
shows the spatial-temporal distribution of spending with CPDC in the period, by municipal civil defenses.
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Figure 4 | Distribution of expenses with CPDC in the period 2013 - 2017, by the municipalities.

Source: Elaborated by the authors, based on data from the Transparency Portal.
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Of the RS 189.7 million used by 564 municipalities, 41% (RS 77.7 million) were spent by 30 of them. More
than half of these municipalities (19) have a high MHDI (above 0.700) (Figure 5). Of this sample, only one
municipality had low development (MHDI less than 0.550), that is, a large part of the CPDC’s resources
has not been used by municipalities with lower MHDI values. All municipalities that had expenses with
CPDC greater than RS 4 million in the 2013-2017 period had an MHDI greater than 0.700 (Figure 5).

Ranking of CPDC expenses in the period (2013-2017) and MHDI (2010)
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Figure 5 | CPDC values RS (m) and MHDI of the 30 municipalities with the highest expenses in the period.
Source: Elaborated by the authors, based on data from the Transparency Portal and PNUD (2013).

Sometimes municipalities have similar values for MHDI, but are unequal in relation to GDP per capita
- an indicator of economic growth. The municipalities of Macapa - AP and Duque de Caxias - RJ have
similar MHDI and expenses on CPDC was also similar, but Duque de Caxias-RJ has GDP per capita about
twice as high as the GDP per capita of Macapa-AP.

It is important to highlight that among the 30 municipalities in this sample, the municipalities in the
states of SC and RJ have GDP per capita higher than the national average, while a large part of the
municipalities in the North and Northeast regions of the country are located below it (Figure 6).

Ranking of expenses in the period (2013-2017) x GDP (per capita - 2017)

12 60
u Total Amount (2013-2017)
= GDP per capita (2017) R$ (K) ]
10 =~ = GDP per capita Brazil in 2017** 20
I B | | g
Es ] 0 ¢
& [ ] —~
e :
Qg = lEr e o e T e e s e v e 30
2 [ | s
o) a
aQ @©
L|>j 4 =] | u | | 20 8
0 - ]= n g
a - o
. ] u ] [ ] )
- I . | . I I -
FEEIII IR ERENTFFTELELLRPLE S PSSP P
B R I N S R R O & a" o\\" > &
€0 SEETEI S
e @ & S

** GDP per capita in 2017: RS 31.833,50.

Figure 6 | Values of CPDC RS (m) and per capita income of the 30 municipalities with the highest expenses in the period.
Source: Prepared by the authors, based on data from the Transparency Portal and the IBGE (2017)
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5 DISCUSSION

In the context of institutional vulnerability to disasters, Valencio (2014) proposed to analyze the
decrees of SE and SPC as expressions of a chronic crisis in Brazil. When analyzing 19,441 SE and SPC
decrees in the period 2004-2013, the author considers that the country is experiencing a kind of
disaster pandemic (VALENCIO, 2014), with an annual average of 25% of municipalities in SE or SPC.
When analyzing the 2013-2017 period, we found an increase in this average: almost 32% of Brazilian
municipalities in SE or SPC per year.

In addition to analyzing the spatial-temporal distribution of the SE and SPC declarations (Figure 1), it
is also important to identify the consequences that federal recognition implies, such as, for example,
requesting access to financial aid for disaster response actions.

When analyzing the spatial-temporal distribution of spending with CPDC by the States and municipalities,
in the period 2013-2017, it was possible to identify that in most of the States of the Northeast Region
and in the States of MG and RS, the state entity is usually an intermediary in the use of CPDC (Table 4).
Is this intermediation by the State entity justified by the disaster affecting more than one municipality
and/or the affected municipality not having a municipal civil defense agency?

Future studies need to analyze these dimensions of governance and management within the scope
of SINPDEC. In this regard, it is “relevant to emphasize the fact that the duty imposed on the Federal
Government to transfer amounts in the event of disasters covers, even as beneficiaries, municipalities
that have not fulfilled their respective legal duties to map risk areas, considering such studies in its
master plans (...) and preventive actions (CARVALHO, 2020, p.151). It would also be relevant to consider
whether municipalities have civil defense with sufficient staff and budget to carry out these actions in
the context of disaster prevention, response and recovery.

Furthermore, it is important to analyze whether indicators could be used to prioritize CPDC resources
for those municipalities with lower MHDI and per capita income, understanding these two indicators
among the set of factors that may represent human development and economic wealth present in
the municipalities. In our analysis for the 30 municipalities that most used CPDC in the period, we
identified that a large part of them (19) have high MHDI — mainly those located in the South Region of
the country. Although the MHDI can be used as one of the parameters for prioritizing CPDC resources,
it is important to consider the limitations of the MHDI and other indicators.

Vieiraandcollaborators(2020), forexample, identifiedanimprovementinthe MHDIvalues between 2000
and 2010 for municipalities in the Brazilian semiarid region. However, when analyzing the components
that contributed to this change, they identified that health and education indicators generally improved
over the years, while socioeconomic indicators remain low in some sets of municipalities, explaining
intra-regional inequalities. In other words, in relation to droughts in the Brazilian semiarid region, it
would be important to guide public policies not by the climate variable itself, but by the conditions
of environmental susceptibility and social, economic and institutional vulnerabilities present in the
municipalities (VIEIRA et al., 2020).

CPDCis considered aform of access to acomplementary resource (BRASIL, 2017). Should the proportions
of complementarity of the resource be the same, regardless of the conditions of development (MHDI)
and economic wealth (GDP per capita) of the municipalities? Has the assessment for the release of
CPDC resources been guided by the amount of damage and losses reported by the municipalities
when they register disasters or by the financial and management capacity they have to provide relief,
assistance and restoration services? The results of this article do not allow answering these questions,
but the exploratory analysis on a topic that has been little studied in the country — public financial aid
policy in response to disasters — has given rise to some of these questions that may have implications
on the forms of governance and disaster risk management.
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The exploratory analysis of this public policy allows other questions. In disasters with high visibility
in the media, it is common for campaigns to collect donations and cash donations, as occurred in the
disaster in the Vale do Itajai/SC in 2008, when approximately RS 35 million were donated in favor
of homeless. In Ilhota/SC, people questioned how the financial resources donated to them were
being used by public agencies, given that the survivors had not been consulted about how the money
donations, deposited in the state entity’s bank account, should be used (MARCHEZINI, 2014).

From this example, one could ask: what criteria to adopt when the complementary use of CPDC
resources is granted by SEDEC and, in the course of the emergency response, other sources of resources
—such as cash donations — are directed to the same States and municipalities?

Spending transparency in response to disasters has been identified as one of the main strengths of
CPDC (BRASIL, 2017). Transparency, accountability, lack of coordination between levels of government
and local capacity for investment are among the main challenges identified by studies that analyzed
funding policies for DRM (KELLET et al., 2014).

Kellet and collaborators (2014) emphasized that the biggest problem is not always the lack of financial
resources. To this element of institutional vulnerability we can add another: i) the high concentration
of resources at the national level; ii) the lack of allocation of funds to the local level; iii) local capacity
to implement DRM actions; iv) coordination mechanisms between levels of government; v) clarity in
the legislation; vi) clarity in the roles and responsibilities of each of the government agencies; vii)
knowledge of administrative procedures in order to access financing and financial assistance programs;
and, viii) availability of data about the funds allocated to which DRM activities.

In the face of these challenges, Kellet and collaborators (2014) recommend improving clarity and
sometimes simplifying legislation, as well as focusing on decentralizing resources to promote DRM
at the local level. In Brazil, the public financial assistance policy for disaster response actions, via the
CPDC, has procedures that require technical and legal capacity on the part of municipal civil defenses.

This is supplemented by the budgetary and financial reality of civil protection and defense in Brazilian
municipalities, which, as acknowledged by SEDEC itself (BRASIL, 2017, p.37), in most cases “does not
have its own resources (budget line), especially municipalities with a small number of inhabitants and
those that do not register a significant frequency of disasters. There are also those who have minimal
resources and are unable to execute them”.

In view of this reality, it may be important to use CPDC resources to reduce, even if occasionally,
the institutional vulnerabilities of these municipalities, especially those with lower MHDI and GDP
per capita. Future studies can analyze these dimensions, identifying how municipal civil defense
agencies finance their activities, and what effects the lack of financing and institutional capacity can
generate on DRM activities.

6 CONCLUSIONS AND RECOMMENDATIONS

The analysis of the spatial-temporal distributions of the SE and SPC and of the expenses with the CPDC
inthe 2013-2017 period allows to identify some conclusions that may be important for the planning of
public financial aid policies for disaster response actions.

First, the SE declaration is being treated as something ordinary. More than half of the Brazilian
municipalities declared SE in a period of five years. The frequency of declarations is another aspect that
draws attention. In 187 Brazilian municipalities, the government deals with SE almost 200 days a year.

Most of the SE declarations are related to dry spells and droughts, especially in the Northeast Region.

Other hazards, such as geological and biological hazards, have few records in the S2ID database.
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The declaration of SEor SPCis a step to claimfinancial aid for response actions, via CPDC. States used most
of the CPDC’s resources (76.45%). Four states in the Northeast Region, which have frequent SE records
due to dry spells and droughts, account for just over half of all spending. Although SE declarations have
the municipality as the disaster site, many seem to depend on the State as an intermediate federative
entity for the use of CPDC resources, mainly in the Northeast Region — with the exception of the States
of PB and BA — and in the States of MG and RS.

Of the set of 564 municipalities that used CPDC, 54.61% are concentrated in the Northeast (mainly in PB and
BA), South (23.58%), Southeast (10.64%), North (10.46%) and, finally, the Central-West (0.71%). Of the RS
189.7 million directly used by the municipalities, 41% of the total (RS 77.7 million) went to 30 municipalities.

It is interesting to highlight that all the municipalities that had spending with CPDC higher than RS
4 million in the period 2013-2017 had High MHDI (higher than 0.700) — especially in the South and
Southeast regions of the country. In other words, municipalities with higher HDI and higher GDP
per capita — indicators that, in theory, represent better conditions for development — also have
more extraordinary resources from the federal government through CPDC, considered a type of
complementary aid. Future analyzes will be able to verify if this trend of reproduction of inequality in
assistance in disasters is replicated. To what extent have municipalities with lower MHDI values been
affected by disasters and have not had access to CPDC resources?

As a way of improving the transparency of the CPDC and making it more appropriate for DRM analyzes,
it is recommended that the beneficiary municipalities be detailed when resources are requested by
the States, and also that the typology of hazards and disasters be informed on the Transparency Portal.
Another important aspect may be to establish criteria for prioritizing CPDC resources based on the
history of municipalities in disaster risk reduction.
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ARTICLE- VARIA

RESUMO

As politicas publicas de auxilio financeiro para acdes de resposta a desastres sdo um tema pouco
estudado. Neste artigo analisaram-se informagGes extraidas das bases de dados dos decretos de
Situacdo de Emergéncia e Estado de Calamidade Publica e dos custos de socorro e resposta a desastres
no Brasil, no periodo 2013-2017, a partir de suas distribuicGes espago-temporal. Os custos de socorro e
resposta a desastres sdao também utilizados em uma andlise cruzada com indicadores municipais, como
o indice de Desenvolvimento Humano (IDHM) e o Produto Interno Bruto (PIB) per capita. Identificou-se
que os gastos excederam RS 800 milhdes. As defesas civis estaduais responderam pela maior parte dos
recursos utilizados (76,4%). Em um universo de 564 municipios que utilizaram o auxilio financeiro via
Cartdo de Pagamento de Defesa Civil, constatou-se a concentragdo de 40% dos recursos em 30 defesas
civis municipais, algumas das quais em municipios com alto IDHM e PIB per capita.

Desastres. Defesa civil. Gastos publicos. Desenvolvimento.
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ABSTRACT

Public financial aid policies for disaster response actions are a poorly studied topic. This article analyzed
information extracted from the databases of the State of Emergency and State of Public Calamity
decrees and the costs of disaster relief and response in Brazil, in the period 2013-2017, based on its
spatial-temporal distributions. Disaster relief and response costs are also used in a cross-analysis with
municipal indicators such as the Human Development Index (HDI) and the per capita Gross Domestic
Product (GDP). It was identified that spending exceeded RS 800 million. State civil defenses accounted
for most of the resources used (76.4%). In a universe of 564 municipalities that used financial assistance
via the Civil Defense Payment Card, a concentration of 40% of resources was found in 30 municipal civil
defenses, some of which in municipalities with high HDI and GDP per capita.

Keywords: Disasters. Civil defense. Public spending. Development.

1 INTRODUCAO

Os danos econdmicos em desastres ocorridos no periodo 1998-2017 foram estimados em USS 2,9 bilhdes,
68% maior que as perdas reportadas no periodo 1978-1997 (WALLEMACQ; HOUSE, 2018). Esses impactos
de desastres acarretaram sérios obstdculos ao crescimento econdmico, que é mensurado pela mudanca
percentual na atividade econémica medida por meio do Produto Interno Bruto (PIB). Alguns paises tiveram
perdas anuais que representaram uma porcentagem significativa do PIB, como Haiti (17,5%), Honduras
(7%) e El Salvador (4,2%) (WALLEMACQ; HOUSE, 2018). Além dos impactos no crescimento econémico
(no PIB), os desastres acarretam efeitos nas politicas de desenvolvimento. O conceito de desenvolvimento
€ mais amplo que o de crescimento econémico, pois considera a forma como a riqueza estd distribuida
socialmente, como a cidadania é exercida, como as condi¢Ges de vida e dignidade e o acesso a um ambiente
sadio sdo garantidos (CARVALHO, 2002). Um indicador de desenvolvimento é o indice de Desenvolvimento
Humano (IDH), que congrega educacdo, saude e renda. O IDH oferece um contraponto ao PIB per capita,
gue considera apenas a dimensdo econémica do desenvolvimento (PNUD, 2020).

Ha um crescente reconhecimento por parte dos organismos multilaterais que os desastres tém
acarretado perdas ndo s6 ao crescimento econdmico, como também ao desenvolvimento. O Human
Development Report 2019 aponta que os paises em desenvolvimento tém sofrido, em média, um
percentual de reducdo do IDH maior que os paises desenvolvidos ao enfrentarem situa¢des de
desastres (UNDP, 2019). O referido relatdrio também aponta que paises em desenvolvimento tém
MeNos recursos para prevenir e responder a desastres, bem como para implementar politicas publicas
de mitigacdo e/ou reducdo de riscos de desastres, sejam elas de natureza estrutural — construcdo e
manutencado de infraestruturas, planejamento urbano — e nao estrutural — desenvolvimento de planos
de contingéncia, acGes educativas, realizacdo de simulados, etc.

O Global Assessment Report 2015 aponta a necessidade de ndo somente reconhecer que desastres sdo
obstdculos ao desenvolvimento, como também salienta que é preciso compreender os desastres como
problemas mal resolvidos de desenvolvimento (UNISDR, 2015). Isto &, torna-se necessdrio incorporar
a gestdo de risco de desastre como um componente fundamental dos modelos de desenvolvimento
a serem adotados. O risco de desastre é um produto que decorre da combinagdo entre ameaca(s),
vulnerabilidade, capacidade de protecdo e politicas publicas de mitigacdo (WISNER et al., 2012).

As ameacas sdo os fendmenos que podem contribuir para deflagrar um provavel dano. A vulnerabilidade
é conceituada como o potencial de sofrer perdas e danos diante da(s) ameaca(s) e de se recuperar
apods sua ocorréncia. Para além da pobreza econdémica, a vulnerabilidade considera outras dimensdes
de privagdo, como falta de capacidade fisica, inseguranca, isolamento social e falta de poder politico
(CHAMBERS, 1989), e possui varias tipologias, como a vulnerabilidade institucional, que se caracteriza
pela obsolescéncia e rigidez das instituicdes, e prevaléncia de decisdes politicas sobre critérios técnico-
cientificos, etc. (WILCHES-CHAUX, 1993).
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As capacidades de protec¢ao diante dessas ameagas e as politicas publicas de mitigacdo, como exemplificadas
anteriormente, sdo importantes componentes para diminui¢cdo de impactos, isto €, para reduzir os riscos de
desastres. Com os impactos crescentes de desastres, diferentes paises tém adotado arranjos de governanca
de riscos de desastres. Por governanca no contexto de riscos e desastres se compreende o processo de
definicdo de competéncias e coordenacdo de organizacdes, de atores publicos e privados, leis, regulamentos
e normas com objetivo de reduzir os riscos de desastres e seus impactos (TIERNEY, 2012).

Um dos importantes componentes da governanca sao as politicas de financiamento para gestdo de riscos
de desastres (GRD). Ao examinarem os programas de financiamento para GRD, Kellet, Caravani e Pichon
(2014) identificaram abordagens bem heterogéneas e ressaltaram que nem sempre o maior problema
é a falta de recursos financeiros, mas, sim, a falta de coordenacao entre os diferentes niveis de governo,
de mecanismos para financiamento por parte dos municipios, de transparéncia e prestacdo de contas.

As analises cientificas sobre as politicas de financiamento em GRD ainda sdo escassas na literatura
cientifica, sobretudo no contexto latino-americano (KELLET; CARAVANI; PICHON, 2014). Entre os
paises da América Latina e Caribe, o Brasil apresenta um histérico de desastres recentes com impactos
significativos, como o desastre relacionado a inundacdes e deslizamentos em novembro de 2008,
em Santa Catarina, com perdas e danos estimados em RS 5.32 bilhdes (BANCO MUNDIAL, 2012a);
as inundacdes de junho de 2010 em Pernambuco, com perdas e danos da ordem de RS 3.4 bilhdes
(BANCO MUNDIAL, 2012b); e a catastrofe na Regido Serrana do Rio de Janeiro, quando mais de 900
pessoas faleceram em inundacgdes e deslizamentos ocorridos em janeiro de 2011 e cerca de RS 4.78
bilhdes de prejuizos foram contabilizados (BANCO MUNDIAL, 2012c).

Esses desastres catalisaram investimentos por parte do governo brasileiro. Marchezini et al. (2017)
consideram que a tendéncia de aumento da porcentagem do PIB nacional investido em GRD acompanha
a légica mundial. Em 2006, a porcentagem do PIB investida era de somente 0,0009%. Em 2009, um ano
apos o desastre em Santa Catarina, a porcentagem aumentou para 0,02% do PIB.

Em 2010, a porcentagem aumentou para 0,04% do PIB, o maior nivel do periodo analisado. Com
a catdstrofe no Rio de Janeiro em 2011, a porcentagem do PIB investida em GRD sofreu aumentos
sucessivos nos dois anos subsequentes (0,015% do PIB em 2012 e 0,023% do PIB em 2013), reduzindo-
se novamente no ano de 2014 (0,011% do PIB).

No ambito de recursos financeiros em GRD também se incluem aqueles para resposta a desastres,
um tépico com poucas analises cientificas (KELLET, CARAVANI; PICHON, 2014). Este artigo objetiva
analisar a politica publica de auxilio-financeiro para a¢des de resposta a desastres no periodo de 2013
a 2017, quando se implementa o Cartdo de Pagamento de Defesa Civil (CPDC). O CPDC é uma forma de
transferéncia de recursos no ambito do Sistema Nacional de Protecdo e Defesa Civil (Sinpdec).

A organizacdo do Sinpdec é apresentada brevemente na segunda secdo deste artigo, destacando os
principais instrumentos de gestdo que se relacionam ao auxilio-financeiro para a¢des de resposta: i) a
Codificacdo Brasileira de Desastres; ii) o Formuldrio de Informacdes sobre Desastres; iii) a declaracdo
de Situacdo de Emergéncia (SE) e o Estado de Calamidade Publica (ECP); e iv) o Cartdo de Pagamento
da Defesa Civil (CPDC). Desses quatro elementos, serdo analisados dois: a) as declaracGes de SE e ECP;
e b) os gastos do auxilio-financeiro para acdes de resposta por meio do CPDC. Apds essa caracterizacdo,
na terceira se¢do descrevem-se o método e os dados utilizados.

Em seguida, na quarta secdo, apresentam-se estatisticas bdsicas e a distribuicdo espaco-temporal
dos desastres e da utilizacdo do CPDC pelos estados e municipios no periodo 2013-2017. Ainda na
quarta secdo, a partir de uma amostra dos 30 municipios que tiveram gastos superiores a RS 1 milhdo
no CPDC, faz-se uma analise de correlacdo entre o perfil de gastos com o CPDC desses municipios e
outros indicadores municipais: o IDHM — como um indicador de desenvolvimento — e o PIB per capita
— como um indicador de crescimento econdmico. Esses resultados do caso brasileiro sdo discutidos,
na quinta secdo, tendo-se por base trabalhos cientificos que abordaram politicas de financiamento
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e auxilio-financeiro em agbes de resposta a desastres em outros paises. Por fim, nas conclusdes e
recomendacdes, apresentam-se sugestées de aperfeicoamento da politica publica a partir dos dados
apresentados na andlise.

2 O SISTEMA NACIONAL DE PROTEGCAO E DEFESA CIVIL

A Secretaria Nacional de Defesa Civil — Sedec (CASTRO et al., 2004) considera as atividades de defesa
civil como um “conjunto de ac¢des preventivas, de socorro, assistenciais e reconstrutivas destinadas a
evitar ou minimizar os desastres, preservar o moral da populacdo e restabelecer a normalidade social”.

De acordo com esse érgao gestor federal (BRASIL, 2017), as a¢des de prevencdo se referem a medidas
de planejamento da ocupacdo do espaco geografico e a execucdo de obras e servicos em areas
consideradas de risco. J4 as acGes de resposta compreendem atividades de socorro, restabelecimento
de servicos essenciais e assisténcia aos atingidos, isto é, medidas emergenciais que objetivam o
atendimento a populagdo (BRASIL, 2017).

Por fim, as a¢des de recuperagao e reconstrugao sdo definidas como as atividades desenvolvidas “apds
as operacOes de resposta ao desastre e destinadas a recuperar a infraestrutura e a restabelecer, em
sua plenitude, os servicos publicos, a economia da area, o moral social e o bem-estar da populacao”
(CASTRO et al., 2004).

As acles de defesa civil se organizam sob a forma de um Sistema Nacional de Protecdo e Defesa Civil
(Sinpdec), composto por: 6rgao consultivo (Conselho Nacional de Protegao e Defesa Civil); 6rgao central
(Sedec), orgaos estaduais e do Distrito Federal e, por vezes, coordenadorias regionais nesses estados;
drgdos municipais de protecao e defesa civil; e, por fim, érgdos setoriais, dos trés ambitos de governo.
Destaca-se ainda que compete ao Sinpdec aimplementacao da Politica Nacional de Protecdo e Defesa Civil
—PNPDEC e que ele podera mobilizar a sociedade civil para atuar em situagao de desastre, coordenando o
apoio logistico para o desenvolvimento das a¢des de protecdo e defesa civil (BRASIL, 2017).

Um dos elementos orientadores das atividades de defesa civil é a tipologia de ameacas e desastres.
Com a catastrofe de 2011 e a adog¢do da PNPDEC, a Sedec adota a Classificacdo Brasileira de Desastres
(Cobrade) que é “correspondente a classificagdo dos desastres constante do Banco de Dados
Internacional de Desastres (EM-DAT)” (BRASIL, 2017, p. 30). A Cobrade possui duas amplas categorias
de ameacas: 1) natural; e 2) tecnoldgica.

A categoria natural abrange cinco grupos de ameacas, alguns divididos em subgrupos (BRASIL, 2017): i)
geoldgico (terremoto, emanacdo vulcanica, erosdo e movimento de massa, tais como deslizamentos);
ii) hidrolégico (inundagGes, enxurradas e alagamentos); iii) meteorolégico (ciclones, ondas de calor,
etc.); iv) climatoldgico (seca); e v) bioldgico (epidemias e infestacdes/pragas).

A categoria tecnoldgica contempla outros cinco grupos de ameacas: i) desastres relacionados a
substancias radioativas; ii) desastres relacionados a produtos perigosos; iii) desastres relacionados a
incéndios urbanos; iv) desastres relacionados a obras civis; e v) desastres relacionados a transporte de
passageiros e cargas ndo perigosas (BRASIL, 2017).

Diante de um desastre ocorrido no municipio, a Defesa Civil deve escolher um Unico tipo de desastre
na Cobrade e preencher o Formulario de InformacgGes sobre Desastres (Fide) para avaliar os danos.

O preenchimento do Fide é orientado por manuais (BRASIL, 2017) e deve ocorrer de forma on-line por
meio do Sistema Integrado de Informacdes sobre Desastres (S2ID), um dos requisitos para o pedido de
reconhecimento de Situagdo de Emergéncia (SE) ou Estado de Calamidade Publica (ECP).
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2.1 0S PROCEDIMENTOS DE DECRETACAO DE SE E ECP

No Brasil,um dos mecanismos de gestdo de desastres éadeclaracdo de SE ou ECP. SEé 0 “reconhecimento
(legal) pelo poder publico de situacdo anormal, provocada por desastres, causando danos superdveis
(suportaveis) pela comunidade afetada”. Ja o ECP é o “reconhecimento (legal) pelo poder publico de
situagdo anormal, provocada por desastres, causando sérios danos a comunidade afetada, inclusive a
incolumidade ou a vida de seus integrantes” (BRASIL, 2007, p. 8).

No arcabouco juridico, o prazo de vigéncia do decreto de SE ou ECP “varia entre 30, 60 e 90 dias, o qual
podera ser prorrogado até completar 180 dias” (BRASIL, 2007, p. 24).

O processo de decretagdao de SE ou ECP pelos municipios, estados e pelo Distrito Federal é regido por
procedimentos e critérios estabelecidos na Instrucdo Normativa n? 02, de 20 de dezembro de 2016
(BRASIL, 2016). Essa Instrucdao Normativa estabelece alguns conceitos para orientar a operacionalizacdo
da politica, como as definicdes de dano, prejuizo, desastre, resposta e recursos:

DANO: resultado das perdas humanas, materiais ou ambientais infligidas as pessoas,
comunidades, instituicdes, instalacbes e aos ecossistemas, como consequéncia de um
desastre.

PREJUiZO: medida de perda relacionada com o valor econdmico, social e patrimonial de
um determinado bem, em circunstancias de desastre.

DESASTRE: resultado de eventos adversos, naturais, tecnolégicos ou de origem antrépica,
sobre um cenario vulneravel exposto a ameaca, causando danos humanos, materiais ou
ambientais e consequentes prejuizos econémicos e sociais.

RESPOSTA: medidas emergenciais, realizadas durante ou apds o desastre, que visam ao
socorro e a assisténcia da populagdo atingida e ao retorno dos servigos essenciais.

RECURSOS: conjunto de bens materiais, humanos, institucionais e financeiros utilizaveis
em caso de desastre e necessarios para o restabelecimento da normalidade.

O critério principal para a decretacdo é a intensidade do desastre. A Instrucdo Normativa estabelece
qgue “desastres de nivel | e Il ensejam a decretagdo de SE, enquanto os desastres de nivel lll a de ECP”

(BRASIL, 2016). A Tabela 1 compila as defini¢cGes desses trés niveis que orientam a decretacgao.

Tabela 1 | Niveis de intensidade de desastre definidos pelo Sinpdec.

Intensidade

do desastre Defini¢do

Sdo desastres de nivel | aqueles em que ha somente danos humanos consideraveis e que a situagdo
NIVEL | de normalidade pode ser restabelecida com os recursos mobilizados em nivel local ou complementados
com o aporte de recursos estaduais e federais (Art. 22 § 12)

Caracterizados pela ocorréncia de ao menos dois danos, sendo um deles obrigatoriamente danos
NIVEL II humanos que importem no prejuizo econdmico publico ou no prejuizo econémico privado que afetem
a capacidade do poder publico local em responder e gerenciar a crise instalada (Art. 32)

Caracterizados pela concomitdncia na existéncia de dbitos, isolamento de populagdo, interrupgdo
NIVEL llI de servigos essenciais, interdi¢do ou destruicdo de unidades habitacionais, danificagdo ou destruicdo
de instalagGes publicas prestadoras de servigos essenciais e obras de infraestrutura publica (Art. 42)

Fonte: Brasil (2016).
A comprovacao da ocorréncia desses critérios é solicitada mediante formuldrios, entre os quais se

destaca o Fide, documentos técnicos e registros audiovisuais que auxiliem na compreensao dos danos
(BRASIL, 2017). O conjunto dessa documentagdo é enviado eletronicamente através do S2ID. Registrada
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a ocorréncia de um evento que provoque danos enquadrados nos niveis de intensidade explicitados
na Tabela 1, cabera ao municipio, ou ao estado, enviar as informacdes pelo S2ID no prazo estipulado
pela Instrucdo Normativa, em geral, de 15 a 20 dias, periodo que varia conforme o tipo de desastre
(“subitos, graduais ou de evolugdo crénica”).

Apds a analise da documentacgado, o ente federal — a Sedec — poderd reconhecer ou ndo o pedido de
decretacdo de SE e ECP. A homologacdo do reconhecimento federal permitird ao municipio solicitar
recursos federais para a execucdo de a¢des de resposta e recuperagdo. A utilizacdo desses recursos
para resposta se dard mediante o Cartdo de Pagamento de Defesa Civil.

2.2 CARTAO DE PAGAMENTO DA DEFESA CIVIL

O CPDC é o meio exclusivo para a execucdo dos recursos federais para a¢des de socorro, assisténcia
aos atingidos e restabelecimento de servicos essenciais (BRASIL, 2017). Foi concebido para cumprir
dois principais objetivos: i) “acelerar o repasse de recursos a municipios e estados [...]”; e ii) “conferir
transparéncia e controle social na utilizagdo desses recursos” (BRASIL, 2017, p.68). O CPDC é uma
forma de pagamento que se ampara em instrumentos legais (BRASIL, 2017) que exigem, por parte das
Defesas Civis, conhecimento técnico, juridico e tributario.

Para utilizar os recursos, as Defesas Civis precisam adquirir o CPDC, no Banco do Brasil, antes da
declaracdo de SE ou ECP. Sem a adesdo ao CPDC, mesmo com a SE ou ECP reconhecido, o ente ndo
estara apto a receber recursos federais para acées de socorro, assisténcia as vitimas e restabelecimento
de servigos essenciais (BRASIL, 2017).

Uma questdo importante sobre mecanismos de gestdo de desastres refere-se as definicGes sobre o
gue consistem as acdes de socorro, assisténcia e restabelecimento de servigos essenciais. As defini¢cdes
sdo importantes diretrizes para o uso do CPDC. O Decreto Federal n° 7.257, de 4 de agosto de 2010,
estabelece essas defini¢bes:

ACOES DE SOCORRO: sio “acdes imediatas de resposta aos desastres com o objetivo de socorrer
a populagdo atingida, incluindo a busca e o salvamento, os primeiros socorros, o atendimento pré-
hospitalar e o atendimento médico e cirurgico de urgéncia [...]".

ACOES DE ASSISTENCIA AS VITIMAS: “acdes imediatas destinadas a garantir condices de incolumidade
e cidadania aos atingidos, incluindo o fornecimento de agua potdvel, a provisdo e meios de preparagao
de alimentos, o suprimento de material de abrigamento, de vestuario, de limpeza e de higiene pessoal,
a instalacdo de lavanderias, banheiros, o apoio logistico as equipes empenhadas no desenvolvimento
dessas acdes, a atencdo integral a saude, ao manejo de mortos [...]”

ACOES DE RESTABELECIMENTO DE SERVIGOS ESSENCIAIS: “acdes de carater emergencial destinadas ao
restabelecimento das condi¢des de seguranca e habitabilidade da drea atingida pelo desastre, incluindo
a desmontagem de edificacGes e de obras de arte com estruturas comprometidas, o suprimento e
distribuicdo de energia elétrica, 4gua potavel, esgotamento sanitdrio, limpeza urbana, drenagem das
aguas pluviais, transporte coletivo, trafegabilidade, comunica¢Ges, abastecimento de dgua potdvel e
desobstrucdo e remocdo de escombros [...]".

Asolicitacdo desses recursos por meio do CPDC demanda preparo técnico das Defesas Civis—municipais
ou estaduais —ndo sé para conhecer essas definicdes, como também para formular um Plano Detalhado
de Resposta (PDR) e submeté-lo a Sedec.

O PDR exige que municipios ou estados adicionem informagdes sobre o nimero de danos humanos,
as acoes de resposta em andamento por parte do municipio, os itens que sdo necessarios, quantidade
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requisitada, valor unitario, justificativa da necessidade de cada um dos recursos solicitados, entre
outras informag¢des que demandam capacidade técnica para serem repassadas de forma consistente,
a0 mesmo tempo em que as equipes municipais precisam responder ao desastre.

A partir dessa contextualizacdo sobre o Sinpdec no tocante a a¢des de resposta e alguns de seus
principais instrumentos de gestdo — a decretagdo de SE ou ECP e o CPDC —, detalhar-se-a o método
utilizado para se obter as distribui¢cbes espago-temporais das SE/ECP e dos custos com o CPDC e, a
partir das distribui¢es, analisar esses dois tipos de dados.

3 METODO

Neste artigo foram considerados para analise os anos de 2013 a 2017, pois é nesse periodo que estdo
disponiveis as duas bases de dados: i) as declara¢des de SE e ECP; e ii) os dados do Cartdo de Pagamento
da Defesa Civil (CPDC).

Os dados referentes a declaraces de SE e ECP foram obtidos no site do S2ID (https://s2id.mi.gov.br/
paginas/) e contém informag¢des como o nome do municipio, o tipo de ameaca segundo a tipologia da
Cobrade, a data do decreto de SE ou ECP e a data da publicacdo da portaria no Diario Oficial da Unido.
Os dados do CPDC foram extraidos do Portal da Transparéncia do Governo Federal.

De forma resumida, a Tabela 2 apresenta os atributos dos dados obtidos dos dois diferentes portais
consultados, como mencionado.

Tabela 2 | Atributos dos dados obtidos no S2ID e no Portal da Transparéncia

Atributos
Declaragdes de SE ou ECP (S2ID) CPDC (Portal da Transparéncia)
UF Codigo drgdo superior Executor despesa
Geocodigo Nome érgdo superior Numero convénio
Municipio Codigo drgdo Codigo convenente
Decreto Nome do érgdo Nome do convenente*
Datadec (data do decreto) Codigo unidade gestora Repasse
Desastre Nome unidade gestora Transagao
SE ou ECP Ano do extrato Data da transagao
Portaria Meés do extrato Valor da transagao
Diario Oficial da Unido (DOU) CPF do portador
Numero no Diario Oficial da Unido (NDOU) Nome do portador
Data do Diario Oficial da Unido (DtDOU) CNPJ ou CPF do favorecido**
Rito Nome do favorecido

*E 0 beneficidrio do CPDC, o 6rgdo municipal ou estadual.

**E o fornecedor do produto ou prestador de servigo que recebera o pagamento.

Fonte: Elaborada pelos autores

Nos dados do S2ID, foram encontrados e corrigidos dois tipos de erros: um em que o atributo
“geocddigo” ndo condizia com o nome do municipio e outro em que o nome do municipio ndo era
grafado conforme o que consta na base do IBGE.

Além disso, a tipologia do desastre (atributo desastre) ndo especifica exatamente o evento e, em muitos
casos, 0s agrupa, ndo adota uma terminologia padronizada e refere-se a mesma tipologia utilizando
diferentes expressdes. Em relacdo ao Portal da Transparéncia, citam-se duas limitacdes nos registros:
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primeiramente, grande parte do convenente é o estado e ndo os municipios, tornando-se assim
invidvel a delimitacdo da drea a qual sofreu desastres; no Portal da Transparéncia ndo estd descrita a
tipologia do desastre, ou quaisquer detalhamentos em torno da causa que culminou na necessidade
de utilizagdo dos recursos do CPDC.

Realizados os ajustes necessdrios, os dados foram incluidos em ambiente SIG (Sistema de Informagao
Geogrdfica) com o intuito de realizar a distribuicdo espacial dos dados referentes as declara¢des de SE

e ECP, considerando-se os seguintes critérios:

o numero de municipios declarantes por ano, que indica o nUmero de municipios com desastres
reconhecidos pela Sedec;

o numero de SE ou ECP por ano, que indica o numero de desastres reconhecidos pela Sedec;
a frequéncia de declaragdes por municipio, ou seja, a frequéncia de desastres por municipio;

onumero de SE ou ECP por tipo de evento, isto é, por tipo de desastre segundo a tipologia
da Cobrade.

O passo seguinte consistiu em uma prospeccao na base de dados referente a utilizacdo do CPDC. Nessa
etapa, os dados foram analisados visando-se obter:

a distribuicdo dos gastos totais com o CPDC por ano, que explicitam os auxilios-financeiros
federais para a¢Ges de socorro e resposta a desastres;

o valor total em todo o periodo e também por ano dos recursos do CPDC que os estados
utilizaram para acdes de resposta nos municipios;

0 numero de municipios que utilizaram o CPDC;

um ranking dos 30 municipios com maior utilizacdo de CPDC cujos dados foram correlacionados
com outros indicadores municipais que expressam seu nivel de desenvolvimento (indice de
Desenvolvimento Humano Municipal — IDHM), obtido em Pnud (2013) e econémico (Produto
Interno Bruto per capita), obtido em IBGE (2017).

Uma vez que as bases de dados das declara¢des de SE e ECP e dos gastos com CPDC ndo estavam associados,
nao foi possivel discriminar os gastos do CPDC pelos tipos de eventos que constam nas declaragGes.

4 RESULTADOS

Nesta segdao sdo apresentadas, para o periodo 2013-2017, algumas estatisticas e os mapas das
distribuicOes espaco-temporais derivadas das bases de dados de declara¢es de SE e ECP e de gastos
com o CPDC descritos na segao 3.

4.1 ESTATISTICAS REFERENTES AS DECLARACOES DE SE E ECP

Dos 5.570 municipios existentes no Brasil, 3.057 municipios (54,88%) declararam, ao menos uma vez,
SE ou ECP em virtude de desastres no periodo 2013-2017 — uma média de 1.746 municipios ao ano
(31,34% dos existentes no Brasil).

Foram 13.894 desastres reconhecidos pela Sedec, uma média de 2.778 ao ano. No periodo foram 51

desastres considerados como ECP, ou seja, classificados como a categoria maxima de intensidade — nivel Ill.
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As estiagens e secas respondem por 81,78% desses registros e tém sido frequentes, principalmente
na Regido Nordeste. Inundac¢des, enxurradas e alagamentos sdo o segundo em maior porcentagem de
registros (9,37%) e distribuem-se nas regides Sul (58,91%), Norte (19,05%) e Sudeste (11,9%). A Tabela
3 mostra um sumario de estatisticas sobre as declara¢des de SE e ECP no periodo analisado.

Tabela 3 | Estatisticas das distribui¢cGes espago-temporais das declara¢des SE-ECP

N@ de municipios que declararam SE ou ECP pelo menos uma vez

3057*

Ne total de declarag¢bes

N@ de declaragdes de SE

N@ de declaragées de ECP

13894

13843

51

N@ de declaragées e de municipios declarantes por ano

N@ de municipios declarantes

Ano N?@ de declaragbes
2013 3747 1938
2014 2666 1886
2015 2511 1592
2016 2072 1450
2017 2898 1864
Distribuigcdo percentual do total de declaragbes por regido
Norte (N) Nordeste (NE) Centro-Oeste (CO) Sudeste (SE) Sul (S)
2,41% 73,16% 1,38% 11,35% 11,69%
Distribui¢céo percentual da frequéncia de declaragbes
Faixas de Frequ- | Percentual do total de Percentual de municipios por regido
éncia 3057 municipios N NE o SE S
la4 58,62% 8.15% 21.60% 7.31% 19.03% 43.92%
5a7 12,82% 2.80% 71.94% 0.00% 18.37% 6.89%
8a10 22,44% 0.00% 90.23% 0.00% 9.62% 0.15%
11a12 6,12% 0.00% 98.93% 0.00% 1.07% 0.00%
Distribuigdo percentual do total de declaragbes por tipo de ameag¢a
Tipo de ameaga Percentual
Estiagens e secas (ES) 81.78%
InundagGes, enxurradas e alagamentos (IEA) 9.37%
Tempestades locais convectivas e chuvas intensas (TLCCI) 5.30%
Deslizamentos de massa (DM) 0.17%
Outros** 3.38%
Distribuigcdo percentual do total de declaragbes por tipo de ameaga por regido
Percentual de declaragées por regido
Ameaga N NE co SE s
ES 0.54% 88.40% 0.10% 10.49% 0.47%
IEA 19.05% 7.14% 3.00% 11.90% 58.91%
TLCCI 0.81% 1.49% 16.96% 16.83% 63.91%
DM 4.16% 16.67% 0.00% 41.67% 37.50%
OUTROS 21.66% 2.12% 3.61% 64.12% 8.49%

* Correspondente a 54,88% do total de 5.570 municipios no Brasil.

** Desastres tecnoldgicos, bioldgicos, vendavais, tornados, ciclones, granizo, incéndios, erosdes e corridas de massa.
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4.2 DISTRIBUICOES ESPACO-TEMPORAIS DAS DECLARACOES DE SE E ECP

No periodo abordado, o Brasil registrou diversos desastres, como as inundacdes de 2012, 2014 e
2015 no Acre (AC); secas na Amazonia em 2015-2016; inundacdes e deslizamentos de terra na Regido
Sudeste, em especial nos estados de MG, ES, RJ em 2013; a catastrofe associada ao rompimento da
barragem em Mariana-MG e a seca na regido semiarida de 2012 a 2017.

A Figura 1 apresenta a distribuicdo espaco-temporal das declaracGes de desastres. A Regido Nordeste
responde por 73,16% dos desastres no periodo. Secas e estiagens respondem por mais da metade
da média anual, sendo superiores a 1.500 notificagdes municipais por ano, especialmente na Regido
Nordeste e no norte do Estado de MG (Regido Sudeste). Em 2013, houve 13 municipios que declararam
SE quatro vezes, todos situados na Regido Nordeste.

Limites Estaduais

_g Limites Municipais
i Nimere de declaragdes SE e ECP por municipio
2013 - 2017
0 - Sam decroto
i m
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Figura 1 | Distribuicdo espago-temporal de declaragdes SE-ECP no Brasil, periodo 2013-2017.

Fonte: Elaborada pelos autores, com base em dados do S2ID.
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A Figura 2 apresenta o mapa da distribuicdo espacial da frequéncia de declaragdes para o periodo
analisado e também um grafico indicando o total de declaragGes feitas por cada estado em cada ano.
Em 185 municipios da Regidao Nordeste (o que corresponde a 10,31% dos municipios da regido), a
frequéncia de declaragdes alcancou o intervalo entre 11 e 12 registros, uma média superior a duas
declaragdes por ano.

A maior ocorréncia foi no estado da Paraiba (PB), com 170 municipios, com destaque para Sao José de
Piranhas, com 12 declaracgGes.
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Figura 2 | Distribuicdo espago-temporal da frequéncia de declaragdes de SE-ECP no Brasil, periodo 2013-2017, e grafico de
barras com o total de declarages dos estados em cada ano.

Fonte: Elaborada pelos autores, com base em dados do S2ID.
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A maioria dos municipios que declararam SE-ECP em razdo de inundacgGes, enxurradas e/ou alagamentos
o fez mais de uma vez ao ano, especialmente nas regides Sul e Norte. Também ha o cendrio em que
municipios vivenciaram multiplas ameacas em um mesmo ano ou no decorrer do periodo, como
0 municipio de Rio Branco — AC, que no ano de 2013 declarou SE tanto por estiagem quanto por
inundacdo. Ou ainda os municipios de Brasileia e Epitaciolandia, ambos no AC, que declararam SE por
estiagem e também por doencas infecciosas virais. A Figura 3 ilustra a distribuicdo temporal de SE e
ECP por tipologia de ameaga.

Declaragoes de SE e ECP - maiores ocorréncias
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Figura 3 | Distribuicdo temporal de declaragdes SE-ECP por tipologia de ameaca no periodo 2013-2017.

Fonte: Elaborada pelos autores com base em dados do S2ID.

Um aspecto que chama atencgado é a baixa quantidade de registro de SE e ECP em razdo de deslizamentos,
incéndios florestais, desastres tecnoldgicos e bioldgicos. Os desastres tecnoldgicos totalizaram 15
declaragdes, com maior ocorréncia no ano de 2015, associados ao rompimento de barragens no estado
de MG. Os desastres biolégicos se concentraram em 2017 com 68 declaragdes, sendo 62 em municipios
de MG, devido a doengas infecciosas virais.

4.3 ESTATISTICAS REFERENTES AOS GASTOS COM O CPDC

Estados e municipios que decretam SE e ECP podem usar o CPDC. Em casos de desastres que atingem
mais de um municipio —como é o caso daqueles relacionados as estiagens e secas —, as préprias Defesas
Civis estaduais podem fazer uso do CPDC em prol dos municipios que tiveram a homologacao de SE e
ECP. Entretanto, por meio dos dados disponiveis no Portal da Transparéncia, ndo é possivel discriminar
em prol de quais municipios esses gastos foram realizados.

Do total de gastos com CPDC no periodo — aproximadamente RS 807,7 milhdes —, 76,45% (RS 617,9
milhdes) foram utilizados com a intermediac¢do de 21 estados brasileiros e 23,55% (R$189,7 milhdes)
diretamente por 564 municipios (Tabela 4). Entre os 21 estados, as nove primeiras posi¢cdes foram
ocupadas por aqueles da regido Nordeste, com destaque para CE, PE, Pl e AL, que responderam por
pouco mais da metade dos recursos utilizados pelos estados.
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A Tabela 4 mostra os gastos com o CPDC feitos com a intermediacdo dos estados e pelos municipios
gue dele fazem parte, juntamente com a quantidade de declara¢Ges de SE e ECP no periodo analisado.
Ela estd ordenada do maior para o menor gasto total com o CPDC no intuito de facilitar a percepgao
de que a magnitude desses gastos ndo tem uma relacao direta com quantidade de declaragdes feitas
pelo estado e seus municipios. O estado da Paraiba (PB), por exemplo, registrou o maior nimero de
declaragdes de SE e ECP no periodo (2.142) e teve gastos totais com o CPDC que foram inferiores ao
estado do Ceara (CE). Este registrou quase o mesmo numero de declara¢des que Pl, e seu gasto total
com o CPDC foi 2,36 vezes maior.
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Tabela 4 | Gastos com o CPDC e total de declaragdes entre 2013 e 2017

UF Gastos CPDC Gastos CPDC Gastos CPDC Ndrrlero de
pelo Estado pelos Municipios Total declaragdes SE + ECP
CE 148.552.394,50 481.772,88 149.034.167,38 1461
PB 49.917.265,79 54.198.609,20 104.115.874,99 2142
PE 78.943.909,35 2.091.464,87 81.035.374,22 1279
PI 63.033.887,45 44.595,44 63.078.482,89 1518
AL 57.074.976,28 1.285.363,18 58.360.339,46 374
RN 48.963.360,96 8.716.256,73 57.679.617,69 1389
BA 25.303.051,71 17.385.328,13 42.688.379,84 1711
MG 21.949.506,59 19.289.286,60 41.238.793,19 1299
AM 9.751.670,98 22.943.570,20 32.695.241,18 174
MA 30.781.129,27 0,00 30.781.129,27 117
AC 14.731.789,83 9.353.631,03 24.085.420,86 40
RJ 7.656.660,01 15.345.344,73 23.002.004,74 44
RS 13.835.699,28 6.338.159,53 20.173.858,81 783
SE 19.606.816,26 0,00 19.606.816,26 172
e 5.231.898,86 12.830.828,75 18.062.727,61 395
RO 13.390.024,26 0,00 13.390.024,26 13
PR 6.616.198,20 4.303.357,67 10.919.555,87 446
SP 0,00 5.880.513,93 5.880.513,93 79
PA 860.642,00 2.735.692,49 3.596.334,49 67
AP 237.116,97 2.956.682,00 3.193.798,97 8
GO 0,00 1.881.862,47 1.881.862,47 13
MT 1.168.500,00 97.575,80 1.266.075,80 121
ES 0,00 960.806,00 960.806,00 155
MS 0,00 627.324,63 627.324,63 57
RR 357.886,00 0,00 357.886,00 25
DF 0,00 0,00 0,00 1
TO 0,00 0,00 0,00 11
TOTAIS 617.964.384,55 189.748.026,26 807.712.410,81 13894

A média de gastos com o CPDC por ano foi de aproximadamente RS 161,5 milhdes, com destaque
para o ano de 2014, com RS 270 milhdes. E possivel identificar que, na Regido Nordeste, os estados
costumam ser intermediadores no uso dos recursos do CPDC a serem aplicados nos municipios em SE e
ECP — com excecdo da PB, onde a utiliza¢do dos recursos do CPDC diretamente pelos municipios e com
a intermediacdo do estado foi proporcional em termos da quantidade usada ao longo do periodo. Nas
regides Sul e Sudeste — com excecdo dos estados de MG e RS —, identifica-se um cenario oposto, com

Fonte: Elaborada pelos autores, com base em dados do Portal da Transparéncia e do S2ID.

0s municipios acessando diretamente os recursos financeiros via CPDC.
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4.4 GASTOS COM O CPDC POR MUNICIPIO

Dos 3.057 municipios que decretaram SE ou ECP, 18,45% deles (564) fizeram uso por si préprios dos
recursos do CPDC.

Desses 564 municipios, 54,61% (308) concentram-se na Regido Nordeste, principalmente na PB (184
municipios) e BA (118 municipios). A Regido Sul é a segunda em nimero de municipios (133) utilizando
o CPDC, sendo que 70 (61,95%) sdo de SC. A Regido Sudeste tem 60 municipios utilizando o CPDC, a
maioria (70%) em MG. Na Regido Norte, o AM registrou 36 dos 59 municipios. A Figura 4 apresenta a
distribuicdo espaco-temporal dos gastos com CPDC no periodo, por parte das Defesas Civis municipais.

s

Figura 4 | Distribuicdo dos gastos com CPDC no periodo 2013 — 2017, por parte dos municipios.

Fonte: Elaborada pelos autores, com base nos dados do Portal da Transparéncia.

Dos RS 189,7 milhdes utilizados pelos 564 municipios, 41% (RS 77,7 milhdes) foram gastos por 30
deles. Mais da metade desses municipios (19) possuem IDHM Alto (acima de 0,700) (Figura 5). Dessa
amostra, somente um municipio possuia baixo desenvolvimento (IDHM menor que 0,550), ou seja,
grande parte dos recursos do CPDC ndo tem sido utilizada pelos municipios com valores mais baixos de
IDHM. Todos os municipios que tiveram gastos com CPDC superiores a RS 4 milhdes no periodo 2013-
2017 possuiam IDHM superior a 0,700 (Figura 5).
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Ranking de gastos do CPDC no periodo (2013 - 2017) x IDHM (2010)
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Figura 5 | Valores de CPDC RS (mi) e IDHM dos 30 municipios com maiores gastos no periodo.

Fonte: Elaborada pelos autores, com base em dados do Portal da Transparéncia e do Pnud (2013).

Por vezes, municipios apresentam valores semelhantes de IDHM, porém sao desiguais em relagdo ao
PIB per capita — um indicador de crescimento econdmico. Os municipios de Macapa — AP e Duque de
Caxias — RJ tém IDHM semelhantes, e os gastos com CPDC também foram similares, porém Duque de
Caxias-RJ apresenta PIB per capita cerca de duas vezes maior que o PIB per capita de Macapd — AP.

Importante destacar que entre os 30 municipios dessa amostra, os dos estados de SC e RJ possuem
PIB per capita maior que a média nacional, enquanto grande parte dos municipios das regiées Norte e
Nordeste do Pais situam-se abaixo dela (Figura 6).

Ranking de gastos no periodo (2013 - 2017) x PIB (per capita - 2017)
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** Valor do PIB per capita em 2017: RS 31.833,50.

Figura 6 | Valores de CPDC RS (mi) e renda per capita dos 30 municipios com maiores gastos no periodo.

Fonte: Elaborada pelos autores, com base em dados do Portal da Transparéncia e do IBGE (2017)
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5 DISCUSSAO

No ambito da vulnerabilidade institucional a desastres, Valencio (2014) prop6s analisar as decretacdes de
SE e ECP como expressdes de uma crise cronica no Brasil. Ao analisar 19.441 decretacdes de SE e ECP no
periodo 2004-2013, a autora considera que o Pais vive uma espécie de pandemia de desastres (VALENCIO,
2014), com uma média anual de 25% de municipios em SE ou ECP. Ao analisarmos o periodo 2013-2017,
encontramos um aumento nessa média: quase 32% dos municipios brasileiros em SE ou ECP por ano.

Para além da analise da distribuicdo espaco-temporal das declaracdes de SE e ECP (Figura 1), também é
importante identificar os desdobramentos que o reconhecimento federal implica, como, por exemplo,
solicitar acesso a auxilios-financeiros para acdes de resposta a desastres.

Ao analisar a distribuicdo espaco-temporal dos gastos com o CPDC por parte dos estados e municipios,
no periodo 2013-2017, foi possivel identificar que na maioria dos estados da Regido Nordeste e nos
estados de MG e RS, o ente estadual costuma ser intermediador no uso do CPDC (Tabela 4). Essa
intermediacdo do ente estadual se justifica pelo desastre atingir mais de um municipio e/ou pelo
municipio atingido ndo possuir coordenadoria municipal de protecdo e defesa civil?

Futuros estudos precisam analisar essas dimensGes de governanca e gestdo no ambito do Sinpdec.
Sobre esse aspecto, é

relevante ressaltar o fato de que o dever imposto a Unido no sentido de repassar valores em
casos de desastres abrange, inclusive, como beneficidrios, os municipios que ndo cumpriram seus
respectivos deveres legais de mapear areas de risco, considerando tais estudos em seus planos
diretores [...] e agdes preventivas (CARVALHO, 2020, p.151).

Seria relevante também considerar em que medida os municipios dispéem de Defesa Civil com equipes
e orcamento suficientes para realizar essas a¢cdes no ambito da prevencdo, resposta e recuperacao
ante os desastres.

Ademais, é importante analisar se indicadores poderiam ser utilizados para priorizar recursos do CPDC
para agueles municipios com menores IDHM e renda per capita, entendendo esses dois indicadores
entre o conjunto de fatores que podem representar o desenvolvimento humano e riqueza econémica
presentes nos municipios. Em nossa andlise para os 30 municipios que mais utilizaram o CPDC no
periodo, identificamos que grande parte deles (19) possui alto IDHM — principalmente aqueles situados
na Regido Sul do Pais. Ainda que o IDHM possa ser utilizado como um dos parametros para priorizagao
de recursos do CPDC, é importante considerar as limitacdes do IDHM e de outros indicadores.

Vieira et al. (2020), por exemplo, identificaram uma melhoria nos valores do IDHM entre 2000 e 2010
para os municipios da regido do semiarido brasileiro. Entretanto, ao analisarem os componentes que
contribuiram para essa mudanca, identificaram que os indicadores de saude e educacdo geralmente
apresentaram uma melhoriaaolongo dosanos, enquanto os indicadores socioeconémicos permanecem
baixos em alguns conjuntos de municipios, explicitando desigualdades intrarregionais, ou seja, em
relacdo as secas na regidao do semidrido brasileiro, seria importante orientar as politicas publicas ndo
pela variavel climatica em si, mas pelas condi¢des de suscetibilidade ambiental e de vulnerabilidade
social, econ6mica e institucional presentes nos municipios (VIEIRA et al., 2020).

O CPDC é considerado uma forma de acesso a um recurso complementar (BRASIL, 2017). As proporgdes
de complementaridade do recurso deveriam ser as mesmas, independentemente das condi¢des de
desenvolvimento (IDHM) e de riqueza econdmica (PIB per capita) dos municipios? A avaliagcdo para
liberacdo de recursos do CPDC tem sido balizada pela quantidade de danos e perdas reportada pelos
municipios quando registram desastres ou pela capacidade financeira e de gestdo que possuem para
prover a¢des de socorro, assisténcia e restabelecimento de servigos? Os resultados deste artigo nao
permitem responder a essas perguntas, mas a andlise exploratdria sobre um tema pouco estudado no
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Pais — a politica publica de auxilio-financeiro em ag¢bes de resposta a desastres — ensejou algumas dessas
perguntas que podem ter implicagcdes sobre as formas de governanca e de gestdo de riscos de desastres.

A analise exploratdria sobre essa politica publica permite outros questionamentos. Em desastres com
grande visibilidade nos meios de comunica¢do é comum que sejam feitas campanhas para arrecadacdo
de donativos e de doagdes em dinheiro, como ocorrido no desastre no Vale do Itajai/SC em 2008,
quando cerca de RS 35 milhdes foram doados em prol dos desabrigados. Em Ilhota/SC, as pessoas
questionavam como os recursos financeiros doados para eles estavam sendo utilizados pelos érgaos
publicos, tendo em vista que os sobreviventes ndo haviam sido consultados sobre como as doagdes em
dinheiro, depositadas na conta bancaria do ente estadual, deveriam ser utilizadas (MARCHEZINI, 2014).

A partir desse exemplo, poderia indagar-se: quais critérios adotar quando o uso complementar dos
recursos do CPDC é concedido pela Sedec e, no decorrer da resposta a emergéncia, outras fontes de
recursos — como doagdes em dinheiro — sdo direcionadas para os mesmos estados e municipios?

A transparéncia dos gastos em resposta a desastres tem sido identificada como um dos principais pontos
positivos do CPDC (BRASIL, 2017). A transparéncia, a prestacdo de contas e a falta de articulacdo entre os
niveis de governo e de capacidade local para investimento estdo entre os principais desafios apontados
por estudos que analisaram as politicas de financiamento para a GRD (KELLET; CARAVANI; PICHON, 2014).

Kellet, Caravani e Pichon (2014) ressaltaram que nem sempre o maior problema ¢é a falta de recursos
financeiros. A esse elemento de vulnerabilidade institucional se somam: i) a alta concentracdo de
recursos no nivel nacional; ii) a falta de aloca¢do de fundos para o nivel local; iii) de capacidade local para
implementar acdes de GRD; iv) de mecanismos de coordenacao entre niveis de governo; v) de clareza na
legislacdo; vi) de clareza nos papéis e responsabilidades de cada um dos 6rgdos governamentais; vii) de
conhecimento sobre os procedimentos administrativos a fim de acessar os programas de financiamento
e auxilio-financeiro; e viii) de dados sobre as atividades de GRD para as quais os fundos sdo alocados.

Diante desses desafios, Kellet, Caravani e Pichon (2014) recomendam melhorar a clareza e, por vezes,
simplificar a legislacdo, bem como dar enfoque a descentralizacdo de recursos para fomentar a GRD
em ambito local. No Brasil, a politica publica de auxilio-financeiro para acGes de resposta a desastres,
via CPDC, possui procedimentos que demandam capacidade técnica e juridica por parte das Defesas
Civis municipais.

A isso se adiciona a realidade orcamentdria e financeira de protecgdo e defesa civil nos municipios
brasileiros, a qual, segundo reconhece a prépria Sedec (BRASIL, 2017, p. 37), na maioria das vezes,
“ndo possui recursos proprios (rubrica orgamentaria), sobretudo os municipios de pequeno nimero
de habitantes e os que ndo registram uma frequéncia significativa de desastres. H4, ainda, os que
possuem recursos minimos e ndo conseguem executa-los”.

Diante dessa realidade, talvez seja importante utilizar os recursos do CPDC para reduzir, ainda que
pontualmente, as vulnerabilidades institucionais desses municipios, sobretudo aqueles que possuem
menores IDHM e PIB per capita. Futuros estudos podem analisar essas dimensdes, identificando como
os 6rgdos municipais de Defesa Civil financiam suas atividades e quais efeitos a falta de financiamento
e de capacidade institucional podem gerar nas atividades de GRD.

6 CONCLUSOES E RECOMENDACOES

A andlise das distribui¢cdes espago-temporais das SE e ECP e dos gastos com o CPDC no periodo 2013-
2017 permite chegar a algumas conclusGes que podem ser importantes para o planejamento das
politicas publicas de auxilio-financeiro para a¢des de resposta a desastres.
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Em primeiro lugar, a declaragao de SE estd sendo tratada como algo corriqueiro. Mais da metade dos
municipios brasileiros declarou SE em um periodo de cinco anos. A frequéncia de declara¢des é outro
aspecto que chama atengdo. Em 187 municipios brasileiros governa-se quase 200 dias por ano em SE.

A maioria das declaracbes de SE estd relacionada a estiagens e secas, sobretudo na Regidao Nordeste.
Outras ameagas, como as geoldgicas e bioldgicas, tém poucos registros na base de dados do S2ID.

A declaracdo de SE ou ECP é uma etapa para pleitear auxilio-financeiro para acées de resposta, via
CPDC. Os estados utilizaram a maior parte dos recursos (76,45%) do CPDC. Quatro estados da Regido
Nordeste, que tem registros frequentes de SE em virtude de estiagens e secas, respondem por pouco
mais da metade de todos os gastos. Embora as declaracées de SE tenham o municipio como o local do
desastre, muitos parecem depender do estado como um ente federativo intermediario para uso dos
recursos do CPDC, principalmente na Regido Nordeste — com exce¢do dos estados da PB e BA — e nos
estados de MG e RS.

Do conjunto de 564 municipios que utilizaram o CPDC, 54,61% se concentram nas regides Nordeste
(principalmente na PB e BA), Sul (23,58%), Sudeste (10,64%), Norte (10,46%) e, por fim, Centro-Oeste
(0,71%). Dos RS 189,7 milhdes diretamente utilizados pelos municipios, 41% do total (RS 77,7 milhdes)
foi destinado a 30 municipios.

Interessante destacar que todos os municipios que tiveram gastos com CPDC superiores a RS 4
milhGes, no periodo 2013-2017, possuiam IDHM Alto (superior a 0,700), sobretudo nas regides Sul
e Sudeste do Pais, ou seja, municipios com maior IDH e com maior PIB per capita — indicadores que,
em teoria, representam melhores condi¢des de desenvolvimento — também possuem mais recursos
extraordindrios do governo federal por meio do CPDC, considerado um tipo de auxilio complementar.
Analises futuras poderdo verificar se essa tendéncia de reproducdo da desigualdade assistencial em
desastres se replica. Em que medida municipios com menores valores de IDHM tém sido afetados por
desastres e ndo tém tido acesso aos recursos do CPDC?

Como forma de melhorar a transparéncia do CPDC e tornda-la mais apropriada as analises de GRD,
recomenda-se que sejam detalhados os municipios beneficidrios quando da utilizacdo pelos estados e,
também, seja feita a associa¢do da tipologia de ameacas e desastres no Portal da Transparéncia. Outro
aspecto importante talvez seja estabelecer critérios de priorizacdo dos recursos do CPDC baseados no
histdrico dos municipios na reducdo de risco de desastres.
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ARTICLE- VARIA

ABSTRACT

In the scope of urban space production, Brazilian urban policy, despite pointing out in its guidelines the
struggle fortherightto the city, seemsindifferentto theimpacts of real estate speculation on ecosystems.
Given the context of the climate emergency, there is an urgent need to align urban and environmental
policy for planning cities adapted to climate change. This work presents, based on spatial data from
the recent deforestation of the city of Jodo Pessoa, the legal and socioenvironmental characteristics of
the urban expansion of the city and how the municipal urban and environmental policy has catalyzed
processes of socioenvironmental injustice. It appears that planning and management are limited to
following the trends signaled by the real estate market and that pressure ecosystems, especially in
the southern portion of the municipality, and also that democratic arrangements are forged to make
society's role in defending ecosystems unfeasible.

Urban Policy. Environmental Policy. Urban Sprawl. Climate Change.

RESUMO

No dmbito da produgdo do espago urbano, a politica urbana brasileira apesar de assinalar em suas
diretrizes a luta pelo direito a cidade, parece indiferente aos impactos da especulacdo imobilidria
sobre os ecossistemas. Dado o contexto da emergéncia climdtica, é urgente alinhar a politica urbana e
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ambiental para o planejamento de cidades adaptadas as mudangas do clima. Este trabalho apresenta,
a partir de dados espaciais do desflorestamento recente da cidade de JoGo Pessoa, as caracteristicas
juridicas e socioambientais da expansdGo urbana da cidade e como a politica urbana e ambiental
municipal tém catalisado processos de injustica socioambiental. Constata-se que o planejamento e a
gestdo se limitam a acompanhar as tendéncias sinalizadas pelo mercado imobilidrio e que pressionam
o0s ecossistemas, principalmente na porgdo sul do municipio, e também que os arranjos democrdticos
sdo forjados para inviabilizar a atuagéo da sociedade na defesa dos ecossistemas.

Palavras-chave: Politica Urbana. Politica Ambiental. Espraiamento Urbano. Mudancas Climdticas.

1 INTRODUCTION

The Anthropic action on ecosystems has advanced at an astounding rate since the Industrial Revolution,
creating the geological era of Anthropocene (CRUTZEN, 2006, p.14), from processes of socioeconomic
production that result in global warming. The new forms of global socioeconomic organization,
represented by urban population growth, mobility and unbridled consumption, imply the intensive use
of natural resources (BAl et.al, 2016), amplifying, in a vicious circle, the causes and impacts of changes
from global to local scale.

In the surroundings of cities, deforestation is the main indicator of anthropogenic pressure on
ecosystems. The horizontal urban expansion, as the maximum transformation of the local scale, has
not only suppressed forests, but also pressured rivers and modified the soil.

Cities exist and have existed in history because men have found more advantageous and efficient ways
to manage their social, economic and power relations in a spatially concentrated manner (CAMAGNI,
2005, p. 21). In the course of history, as Santos (1997) reports, the relations of economic production
and social reproduction that support capitalism situated, in the urban structure, in a different way, in
time and in the territories under specific technical and political conditions, ways of obtaining profit
through advantages provided by the concentration of people and things.

Thus, the locational advantage of the urban structure placed in the background, ironically, in the urban
planning, the socially elaborated anthropological needs in the city; to live in the city, neglecting ecosystems.

According to Lefebvre (2001), the need for the meeting, the organization of work, the game,
communication, and a quality of life were forged by technocratic urbanism and sales promoters,
materialized in collective, commercial and real estate products that fragmented the city, generating
spatial segregation and “new” urban problems, such as those of an environmental nature: water
scarcity, natural disasters, heat waves are examples of these problems.

In their efforts to optimize the organization of economic activities and social reproduction and to
minimize the socio-environmental chaos, generated and arising from past plans, supranational entities,
multilateral agencies and the government have idealized diverse agendas and plans, whose guidelines
and goals aim to achieve “urban sustainability” (LEFF, 2007). At first sight, the paradigm break brings
important reflections on the political strength of local urban agents in decision-making processes and
inevitable concerns about the overload of urban society on planet Earth.

However, itis urgentto point out the contradictions that existin the interface of urban and environmental
planning, that catalyze the evolution of land use and occupation conflicts, which in turn accentuate
environmental problems. And, mainly, to highlight the appropriation and instrumentalization of the
discourse of environmental protection for real estate speculation purposes.

When the Theory of Value from Adam Smith (1776 [1996]) denies the priority of agricultural production
in generating wealth, nature is purposefully pointed out as an obstacle to economic development in
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classical economic theories, who attributed to work a fundamental role in the generation of wealth'.
Neil Smith (1988), reflecting on the complex process of production of nature under the capitalist
logic of space production, highlights that the devaluation of nature in theory was accompanied by its
devaluation in reality for its appropriation as a means of production.

In the course of urbanization, here understood as a multi-dimensional process catalyzed by
industrialization, the supposed domination of nature was convenient in theory and in practice until
the crisis of scarcity of resources or its most immediate effects (SMITH, 1988), such as climate change.
Floods, landslides, different kinds of pollutions and other pressures on ecosystems are some of the most
immediate and perceived effects on the scale of the city. They result from planning oriented to market
trends and real estate speculation. In other words, they are not the result of an environmental crisis,
but of the contradiction of the urban space production process itself, which expresses its development
limits by assigning value to natural resources such as water, vegetation and fertile soil.

A claim of nature is being materialized in government policies, plans, programs and projects. It is an
indirect advertisement to escape not only the tendency of a deteriorated, fragmented and dispersed
city but, above all, as argued by Leff (2007, p.67), it is an appeal to “the construction of another
productive rationality, founded on the potentials of nature”. The adoption of this perspective would
demand a readjustment of the planning, of the guidelines of the territorial ordering and of the forms
of regulation of the public spaces and the environmental protection areas in the city, but, above all, a
readjustment in the forms and spectrum of the urban governance (SOUZA, 2001).

The decentralization of administrative competences and the participation of society in urban planning
have been pointed out as democratic ways capable of mitigating socio-environmental problems (UN,
2016; JACOBI & SULAIMAN, 2016). However, this overestimation of local power in decision-making
processes, as an instigator of social justice and environmental protection, contained in international
guidelines, only works when citizens truly contribute to the implementation and, mainly, to the
monitoring of public policies. Otherwise, as Souza (2001) argues, there is a risk of instrumentalizing
the discourse of popular participation in planning and environmental protection to forge interests of
capital productivity over urban space, unfortunately, as argued by Campbell (1996, p.196).

Controls over land use and urban development in Third World cities have been weak, and most of
the instruments and techniques adopted in developed countries - land use planning and master
plans, zoning, permits to use of land and to build, in addition to the territorial tax - it is emasculated
in developing countries by the power of demand, administration difficulties, special interests and
corruption (CAMPBELL, 1992, p.196).

In this regard, this article aims to present, from the recent deforestation in the municipality of Jodo
Pessoa, the main areas of urban expansion and their legal and socio-environmental characteristics to
discuss how urban and environmental municipal policy have subsidized the process of urban expansion
at the expense of environmental preservation .

1.1 URBAN SPREADING VERSUS SUSTAINABLE URBANISM

More than 50% of the world's population lives in urban areas that occupy less than 1% of the earth's
surface (IPCC, 2019). In addition to increasing Greenhouse gas emissions (GHG), motorized transport,
civil construction, energy expenditure in maintaining and operating cities (SCHAEFFERA et. Al, 2012;
BORBA, 2012), the world's urban population generates about 25% of the total global emissions of
carbon, through the use of energy (IPCC, 2014).

The pressure of urbanization on ecosystems and the degradation of forested areas, inside and outside
the urban environment, tend to increase, either due to the need for housing production or the
consumption of food and other goods, mostly produced miles away from large cities.
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Among the main impacts of climate change in Brazil are the increase in temperature, the change in the
rainfall regime and the increase in the occurrence of extreme weather, with special emphasis on rainy
extremes, increased occurrence of droughts, in addition to elevation of the sea level (MARENGO, 2014).

Disorganized and exploited by the desire for immediate profit urbanization (HARVEY, 2001) has
consequences in increasing the climatic risk to the population. In the rainy extremes, the lack of
urban infrastructure such as rainwater drainage and environmental sanitation, as well as occupation
of floodplains and slopes, intensify the impact of rains in urban areas (TUCCI, 2008), mainly, but not
exclusively, in precarious settlements, where the poorest and most vulnerable population resides to
the impacts of these events (HARDOY & PANDIELLA 2009).

The Assessment Report 5 (AR5) from IPCC (2014) points out that the most socioeconomically vulnerable
populations are also the most vulnerable to the impacts of climate change: the intrinsic relations of
income, social class, gender, ethnicity, age and special needs are conditioning factors of adaptive
capacity and risk exposure.

If socioeconomic vulnerability is one of the main conditioning factors of the intensity of the impact of
climate change on populations (OJIMA, 2009; BARCELLOS AND HACON, 2007), the processes to reduce
the impacts of climate change in cities pass, necessarily, to new perspectives of governance, based on the
democratic and participatory processes laid down by the legislation (JACOBI and SULAIMAN, 2016), on
the popular knowledge of traditional communities and also on the reduction of socioeconomic inequality.

The reduction of social inequality is a priority issue for the adaptation of the Brazilian population to
the impacts of climate change. The IPCC (2014) emphasizes the importance of income transfer policies,
including mention of the Bolsa Familia program in ARS5. In Brazil, 75% of the 5,570 municipalities are
exempt from elaborating Master Plans because they have less than 20 thousand inhabitants.

Despite the Statute of the City (2001) and Reurb (2017) establishing essential legal instruments to
improve the quality of urban infrastructure, especially in precarious or informal settlements, the low
institutional capacity of many Brazilian municipalities (ALMEIDA et al, 2017), linked to the pressures of
power of capital over urban dynamics make the application of such instruments difficult. These facts
compromise urban development and, consequently, sustainable urban planning. The vulnerability is
also intensified due to the difficulty in organizing preventive actions of the civil defense, which still acts
in the relief and not in the prevention? (NOGUEIRA E CANIL, 2018).

If it is essential to promote sustainable urban planning as adaptation to climate change, to encourage
urban agriculture, afforestation and the permeability of cities, as well as to promote the suitable
densification of cities, inhibiting the spreading and, consequently, the reduction of pressure from
urban areas on ecosystems and rural areas, smart urban density and the implementation of green and
digitalized infrastructures are elements of urban development that favor non-polluting mobility with
lower energy expenditure (COHEN, 2017).

For Nakano (2018), are the well applied urban instruments that can determine the “optimal density
point”, from a socio-environmental perspective. In this sense, the municipality of Jodo Pessoa is in the
opposite direction of promoting a city adapted to the climate crisis, accommodating urban sprawl,
especially over the last Atlantic Forest reserves and water supply courses in the municipality, so
important for mitigating the impacts of climate change in the occurrence of diseases, heat waves, in
water security, in addition to disasters related to occupations on the banks of rivers.
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1.2 URBAN SPRAWL IN JOAO PESSOA

Jodo Pessoa, capital of the State of Paraiba, Northeast Brazil, has approximately 800,000 inhabitants,
with 214 km?, 64 neighborhoods and 120 subnormal agglomerations (IBGE, 2010). Only 20% of the
population has completed higher education and 15% of the population is between poor and extremely
poor, with an income below 1 minimum wage (IBGE, 2010).

In the municipality of Jodo Pessoa, there are four Conservation Units, registered in the National
System of Conservation Units (SNUC), namely the National Forest Restinga de Cabedelo - FLONA
(2004), the “Parque Nacional Cuid” (Municipal Natural Park) (2012), “Reserva da Vida Silvestre Mata
do Buraquinho” (Remnant of Atlantic Forest) (2014) and “the Parque Estadual das Trilhas” (State
Park) (2017), as shown in Figure 1.
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Figure 1 | Location map of Jodo Pessoa: protected areas, green areas and urbanized area.

Source: MMA, 2019; IBGE, 2010. Elaborated by the authors.

The 1960s is a milestone in the urban expansion of the city, fostered by private initiative, with the
consonance and intervention of the public authorities. The development of motorized and private
transport allowed access to more distant places from the central area, which added to the opening of
important avenues such as Epitacio Pessoa and Pedro Il, and the transposition of the courses of the
city's rivers, especially the Jaguaribe, Mandacaru, Tambia and small tributaries, enabled the growth of
the urban structure for the north-northeast region (SILVEIRA et al., 2015).

Currently, this logic of production of urban space is guided by the logic of the real estate market which
directs the growth of the urban structure to the southern part of the city, where there is no consolidated
urban infrastructure and remnants of the Atlantic Forest are systematically suppressed to allocate,
mainly, tourist enterprises of the municipal and state governments, and vertical residential real estate
products, for a low income in the south-southwest portion, and for high income in the south-southeast
portion of the municipality, constituting a fragmented city (HARVEY, 2001).
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2 METHODOLOGY

Spatial and socio-environmental data were used and correlated in spatial analysis techniques for building
maps that allowed us to outline the reality of urban expansion. The survey of the legal provisions that regulate
the use and occupation of the city's land, as well as the democratic records of hearings and municipal
councils served to identify and characterize the dynamics and political arrangements existing in the city.

To understand the issue, an alignment of the urban and environmental debate was sought by selecting
a conceptual repertoire capable of providing an understanding of the social nature of the city and the
ecological processes that occur in urban structures.

The concepts were divided into three main types: a) those indispensable for thinking about the
problem, such as “space production” and “climate change”; b) those that are in the acceptance phase
within the scope of the philosophical validation system that use the former, although necessary, as
“sustainability”; c) and those that are not recurring, but that in this work were fundamental to align the
dimensions of analysis, such as the “scales policy”.

In this sense, the bibliographic survey consisted of the search for classic works, theoretical reviews
and the state of the art via official documents (minutes, plans, maps and reports) and legal provisions,
which in turn indicated the socio-economic and spatial data indispensable to spatial analysis.

The geostatistics were elaborated from data derived from the Global Forest Change project (HANSEN et
al., 2013), data from IBGE (2010, 2017), from the Municipal Master Plan (Law 054/2009) and Ministry
of the Environment (2019), in a georeferenced information system.

Deforestation data (HANSEN et al., 2013) in raster format indicate the date of forest loss each year, in
a historical series from 2000 to 2018, based on Landsat images. These data were vectorized and later
transformed into patches of concentration of occurrence of vegetation loss, based on the density of
lines of each vector.

These patches of concentration of occurrence of vegetation loss indicated, in mesoscale, which areas
are most affected by deforestation, since the aim is to observe the production process of urban space,
from the point of view of the loss of green areas and pressure on ecosystems.

Understanding that deforestation occurs through urban expansion over ecosystems, vegetation loss
spots were plotted on Conservation Units and hydrography. On the other hand, to understand the
socio-environmental characteristics of urban sprawl, these spots were also plotted on the classification
of IBGE's Intra-urban Typologies (2017), which points, from data on environmental sanitation, income,
education, access to goods and services, the living conditions of the population.

On a more detailed scale, maps of vegetation loss patches were plotted with Macrozoning, so that it
was possible to observe the production of urban space based on the urban governance strategies of
the law in force. Finally, in conjunction with these cartograms, images from the Google Earth platform
were added, allowing the observation of anthropic actions that cause deforestation.

From the generated cartograms, analyzes of the production of the urban space were made, observing the
different socio-environmental and legal aspects of the urban expansion of the municipality of Jodo Pessoa.

3 RESULTS AND DISCUSSION

The first Master Plan of Jodo Pessoa was prepared in 1992 and officially published in 1994, through
Complementary Law 03/1994 (PMJP, 1994). It is the result of the Brazilian urban reform, but it
does not represent the first territorial ordering and zoning of the municipality. However, as a basic
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instrument of Brazilian urban policy, it presented guidelines, rules and restrictions for the use and
occupation of the city's land. The plan's possible urban expansion design, as shown in Figure 2,
describes the environmental impacts by marking it as permanent protection areas and as municipal
and state conservation units.

Figure 2 | Master Plan of Jodo Pessoa, 1992.

Source: Scanned from analogical originals.

When analyzing past zoning and the recent use and occupation of the soil, it is possible to verify an
undisguised political-ideological content in its elaboration, by promoting land stock for tourist real
estate enterprises in the coastal strip of the city (HARVEY, 2001, p. 166-170 and p. 221). The zones
of additional restrictions, outlined in Figure 3, and characterized as areas of “social interest for the
preservation of environmental, landscape, historical and cultural characteristics” were gradually being
neglected in the name of private interests and sanctioned by city governments on behalf of “urban
development”, contradicting Leff's (2007) expectations that interinstitutional arrangements and legal
instruments could direct urban policy towards sustainability.

The inexistence of a Brazilian urban planning system articulated with the legal provisions that sanction
the urban parameters of land use and occupation with other public policies that affect the urban, such
as the environmental, allows maneuvers based on less visible speculative interests to be performed
without adequate supervision or control by the government.

For example, the construction in progress of a hypermarket, whose architectural project highlights
the construction of 12,000 m? in the Environmental Amenization Sector (SAA) and the Permanent
Preservation Area (APP). The environmental installation license was granted by the Municipal
Environment Secretariat and unanimously canceled by the Municipal Environment Council (COMAM).

The opinion of the counselor of the Federal University of Paraiba, to case n? 2018/068932 and
2018/066994 of the Secretariat of the Environment, was unequivocal in pointing out several aspects
by which the work should be interrupted, among them: i) the incongruity in the typification of the
enterprise between the Planning Secretariat (SEPLAN) and SEMAM,; ii) the negligence of the body
responsible for issuing the environmental license when allowing a lot occupancy rate double of that
stipulated by law in the environmental softening sector; iii) by not preventing vegetation removal of
fragments from the Atlantic Forest; iv) authorize the installation of a project that does not have a
solid waste and effluent management plan, in an area without sanitation infrastructure; v) and do
not present a neighborhood impact study for a project of this size. Despite the unanimous request for
revocation of the license, the work continues in progress.
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This fact is a clear example of how the production of urban space takes place in accordance with the
interests of capital above the socio-environmental interests of the population, based on the consent
and convenience of the public authorities.

These practices of municipal administrations not only demonstrate an imbalance between the scales
policy of urban legislation and environmental legislation, which allows a non-compliance between one
and the other, according to the interest of the agents who participate and operate the bureaucratic
ritual, according to Campbell (1992).

The natural processes and flows that take place in the urban landscape are fundamental for a quality
of everyday life in the city. It is not just a matter of environmental protection, but a right to the city.
Contact with nature, sunbathing, breathing fresh air, walking to shop, having access to drinking water,
meeting friends and working are individual needs that we collectively carry out in the city.

With the institutional setbacks in critical areas such as the environmental and the urban, the advance
of the urban structure in the fragments of the Atlantic Forest has been allowed, not only in the
municipality of Jodo Pessoa, but also as it occurs in the north coast of the State of Sdo Paulo ( BORELLI,
2007), with the advance of fragmented urbanization, based on the tourist exploration of the region and
which implies the loss of life quality in the city, or according to Barreto (2013), who has deeply studied
the history of the occupation of the Northeast Atlantic Forest, since colonization to the present day.

Barreto (2013) also points out the need to promote connectivity between fragments of the Atlantic
Forest in Northeast Brazil, a proposition that becomes unfeasible with urban sprawl and pressure on
what remains of this biome. Despite having two large non-urbanized areas, one to the north and one to
the south, the deforestation of the municipality of Jodo Pessoa is concentrated in the southern portion of
the municipality, as shown in Figure 3, where there are quilombola, indigenous and artisanal fishermen
communities, such as Paratibe, Tabajaras and Jacarapé, none of them demarcated or regulated.

Barra do Gramarme
Mugumagro e Paratibe|

Loss of vegetation over time* [0 vegetation cover 2000” Concentration of Vegetation Loss
Vegetation cover 2000 - 2006 I conservation unit & squares low
Jodo Pessoa - 2007 - 2012 [ Urbanized area I - medium
= = f *Hansen et. al - High-Resolution
2000 - 2018 - 2RI Hydrography - high Global Maps of 21 Century Forest
l:’ Neighborhoods Cover Change.

Science | 15 nov 2013 : 850-853.
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Figure 3 | Maps of vegetation cover and loss of vegetation in Jodo Pessoa.
Source: Hansen et al. (2013), MMA (2019). Prepared by the authors.
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Between 2007 and 2018, large areas of deforestation can be seen in the southeastern portion, close
to “Parque Estadual das Trilhas”, a Conservation Unit enacted in 2017. The orange spot, in Figure 3,
further east, is the Convention Center, inaugurated in 2012, and that is part of the development plan
for a high standard tourism industrial district (GOVERNO DO ESTADO DA PARAIBA, 2017).

In the northern portion of “Parque Estadual das Trilhas”, Costa do Sol neighborhood, Figure 4, the
most recent deforestation can be observed under the logic of capital that spatially follows the
entrepreneurship of urban public policy (HARVEY, 2001,) to occupy areas previously forested and
that now have transportation infrastructure brought by the installation of the Convention Center. In
the southeastern portion, in neighborhoods such as Barra do Gramame, Mugumagro and Paratibe,
deforestation appears towards the neighboring municipality, Conde, which has beaches disputed by
the tourism sector.

The patches of loss of vegetation in the central south and southwest areas, respectively in the Gramame
neighborhood, followed by the Mussuré and Mumbaba neighborhoods, present themselves as the
great frontier of expansion over ecosystems - from the Atlantic Forest areas to the Gramame River,
which supplies the City. In Figure 4, it is possible to observe that, unlike the surroundings of “Parque
Estadual das Trilhas”, in these areas there is a low living condition (IBGE, 2017).

Living conditions of
the population | BGE

Intra-urban typology IBGE

I c
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E ; P
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F
e Worse
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[ Jkm conditions, IBGE, 2017

Figure 4 | Intra-urban typologies of Jodo Pessoa.

Source: IBGE, 2017. Prepared by the authors.

With the calculation of the loss of vegetation, between 2012 and 2018, by macro-zone of the Master
Plan, it is possible to observe that urban expansion occurs primarily (almost 90% of the total) over Non-
Dense Areas, of Non-Priority Density, Environmental Amenization Sectors, Landscape Preservation and
extremely close to the Environmental Protection Zones, often occurring on the margins of permanent
preservation areas.

This finding points to a failure to comply with legislation and to the fragility of the municipal urban and
environmental policy in the face of ecosystems, which should be valued in a city seen as touristic.
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Table 1 | Loss of vegetation (2012-2018) by Macro-zone of the Master Plan

Macro-zone Area (ha) Percentual (%)
ENVIRONMENTAL PRESERVATION AREA - ZPA 157.1 53.1
NON-DENSIFIED AREA - ZNA 105.3 35.6
WITHOUT ZONING 15.7 5.3
NON-PRIORITARY DENSIFIED AREA - ZANP 12 4.1
LANDSCAPE PROTECTION SECTOR - SPP 2.7 0.9
MINERAL EXPLORATION SECTOR 13 0.4
PRIORITARY DENSIFIED AREA - ZAP 1 0.3
ENVIRONMENTAL MITIGATION SECTOR - SAA 0.5 0.2
DEPOSITION AND TREATMENT OF LIQUID WASTE SECTOR 0.3 0.1

Source: Prepared by the authors based on data of Hansen et al., 2013 and PMJP.

In the southwestern portion of Jodo Pessoa there are large patches of deforestation resulting from two
very different processes: mining and social and popular housing, as shown in Figure 5.

Mussuré e Mumbaba

I 1.8
—————— 1km

Area withou zoning Macro-Zoning
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C trat f Vegetation L = 5
i el o Sl ZANP - Non-Prioritary Densified Area
[ Loss of vegetation (2000-2018) ZPA - Environmental Preservation Area
® Minha Casa Minha Vida Law 054/2009

Figure 5 | Detail of the loss of vegetation in the Costa do Sol neighborhood.

Source: Hansen et al. (2013), Law 054/2009, Google Earth Pro. Prepared by the authors.

In an area that does not have a macro-zone defined by the current law, mineral exploration (Figure 5)
is perceived in the vicinity of Environmental Protection Zones.

According to Silva et al. (2016), urban expansion segregates the poorest from socio-environmental
opportunities, since access to the city is through consumption and cost of land. In Jodo Pessoa, and
in other cities on the northeastern coast, the most distant areas from the “sea view” are the most
excluded and Donegan (2019) has already discussed how the coastal urban infrastructure has an urban
morphology that excludes the poorest portion of the population.
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In the Cabo Branco and Altiplano do Cabo Branco neighborhoods, although the deforestation patches
are smaller (Figure 3), itis important to observe the high living conditions (IBGE, 2017) of the population
in these areas (Figure 4) in order to understand how the capitalist production of urban space occurs in
the most tourist regions of Jodo Pessoa.

Inthe Costa do Sol neighborhood it is possible to observe (Figure 6) that, according to the current legislation
(MPJP Municipal Law 054/2009), the loss of vegetation occurred in non-densified or non-priority areas.
These are subdivisions approved from the first decade of this century, with horizontal condominiums
that, despite being identified by the 2010 IBGE census as low-income, are now being occupied by upper
middle class population, an assumption that can only be confirmed in the IBGE 2021 census.

Costa do Sol

0.9
I

£

f

[ concentration of Vegstation Loss MEiCroRoming
. ZNA- Non-Densified Area
- Loss of vegetation (2000-2018) ZANP - Non-Prioritary Densified Area
] Minha Casa Minha Vida ZPA - Environmental Preservation Area
SAA - Environmental Mitigation Sector
Law 054/2009

Figure 6 | Details of the loss of vegetation in the Costa do Sol neighborhood.

Source: Hansen et al. (2013), Law 054/2009, Google Earth Pro. Prepared by the authors.

The neighborhoods highlighted in Figure 6 follow the logic of segregation pointed out by Harvey (2001),
in which a public-private partnership, not legalized, but agreed, serves urban infrastructure that does
not exist outside the walls of closed condominiums, or that exists only in the vicinity of the high ones
vertical condominiums, meeting the desires of the wealthiest class of the population.

The Convention Center, inthe satellite image at the bottom of Figure 6, shows that the road infrastructure
brought by the construction of the equipment contributes to the advancement of the urban spot in
the southern region of Jodo Pessoa. In the same image, the easternmost portion of the same photo
shows a large forested area that will eventually become the high standard tourism industrial district
(Government of the State of Paraiba, 2017), as shown in Figure 7 below.
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Map presented in Public Hearing for Installation License for the
Touristic Industrial District November/2017. (In compliance with the
determination of the Federal Public Ministry/Attorney of the
Republic in Paraiba, according to the minutes of the meeting held
on May 16, 2016).

sy

Figure 7 | Map of the urban development project for the Industrial Tourism District of Jodo Pessoa.

Source: Paraiba State Government (2017).

It is in this same area that the Jacarapé Community is located, where artisanal fishermen live divided
into two nuclei, one of which is by the waterfront (Figure 3). This community has undergone several
removal attempts, to give way to tourist developments, materializing what the IPCC (2019) points out
as land dispute and loss of livelihoods and subsistence of traditional communities.

The polygons of the conservation units surround the area of the tourist district forming a protective shield. The
urban infrastructure destined to the tourist offer tends to have more burdens and to pressure the adjacent
biodiversity more than the domestic demand. Ironically, much of the Atlantic Forest fragment that constitutes
the main asset of the project will be removed to make room for the resorts that will be implemented. The
economic and political rationality that guide these government projects and actions show an order based on
market law, in which state entities act as urban entrepreneurs to attract investments (Harvey, 2001).

Barra do Gramame, Mucumagro e Paratibe

{

Macro-Zoning
ZNA- Non-Densified Area

Area without Zoning

Concentration of Vegetation Loss ZANP - Non-Prioritary Densified Area
- Loss of vegetation (2000-2018) ZPA - Environmental Preservation Area
® Minha Casa Minha Vida SPP - Landscape Protection Sector
Law 054/2009

Figure 8 | Detail of the loss of vegetation in the neighborhoods Barra do Gramame, Mugumagro and Paratibe.

Source: Hansen et al. (2013), Law 054/2009, Google Earth Pro. Prepared by the authors.
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Inthe southeastern portion of the municipality, deforestation is mainly due to the occupation of summer
farms, as shown in Figure 8. Corroborating with Municipal Macrozoning, these are low-occupancy
subdivisions. These settlements put pressure on the Gramame River and on traditional populations that
are still struggling for recognition, such as the Paratibe community and the Tabajara indigenous people
(QUARESMA, 2017), who must be evicted due to real estate speculation, the Paratibe community is
threatened by the same removal logic of the Jacarapé community, also implying the loss of cultural
ecosystem services, in addition to provision (IPCC, 2019).

Gramame

W
[ ’—‘KVTI

Macro-Zoning

Area without Zoning
ZNA- Non-Densified Area

- Concentration of Vegetation Loss

[ Loss of vegetation (2000-2018) ZANP - Non-Prioritary Densified Area
@® Minha Casa Minha Vida ZPA - Environmental Preservation Area
Law 054/2009

Figure 9 | Detail of the loss of vegetation in the Gramame neighborhood.

Source: Hansen et al. (2013), Law 054/2009, Google Earth Pro. Prepared by the authors.

In Gramame, the major vector of deforestation is the construction of low-income subdivisions, some
subsidized by the Federal Government, with resources from the Minha Casa Minha Vida Program and
others raised by small construction companies in the city. Despite being on a Non-Dense Area, the
patch of loss of vegetation shows dense and continuous soil parceling.

They are small lots, with a high occupancy rate, as shown by the satellite images in Figure 10. Still
on Figures 7 and 8, it is worth mentioning that the neighborhoods presented are very close to the
Gramame River, a water course that supplies 70% of the city, which may (i) compromise the region's
water availability in future scenarios of changes in rainfall regimes and (ii) put at risk of inundation or
flooding the poor populations living near the river, with an increase in rainy extremes coupled with low
infrastructure of environmental sanitation (HARDOY AND PANDIELLA, 2009).
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Cabo Branco e Altiplano do Cabo Branco

- Concentration of Vegetation Loss
I Loss of vegetation (2000-2018)
@® Minha Casa Minha Vida

Macro-Zoning

ZNA- Non-Densified Area

ZANP - Non-Prioritary Densified Area
ZPA - Environmental Preservation Area
SAA - Environmental Mitigation Sector
Law 054/2009

Figure 10 | Detail of vegetation loss in the Altiplano do Cabo Branco and Cabo Branco neighborhoods.

Source: Hansen et al. (2013), Law 054/2009, Google Earth Pro. Prepared by the authors.

Located in a privileged location overlooking the sea, in the Cabo Branco and Altiplano do Cabo Branco
neighborhoods, the region's deforestation occurred for the construction of horizontal high-income
condominiums. In the Altiplano do Cabo Branco, Figure 10, satellite image in the middle, takes place
around the extremely high-income vertical condominiums, approved by altering the template defined in
the zoning, via decree, in 2008. In the Cabo Branco neighborhood are condominiums horizontal, also of very
high income, with low occupancy rate. Both neighborhoods have low levels of environmental sanitation
and the surrounding area does not have an urban drainage system (IBGE, 2010). These neighborhoods
are located on the Barrier of Cabo Branco, of geological formation sensitive to landslides, located in the
direction of the “Seixas” corals, which are threatened by the erosion of the cliff. For example, in June
2019, during a rainy extreme that lasted more than 72 hours, part of the barrier slid over the sea, affecting
part of the corals. In this process of formalized occupation, legal from the point of view of urban policy,
it subverts the idealization of a sustainable city of Leff (2007), strengthening the segregation of the elite
in clusters of urban reality that does not exist outside the walls or perimeters of these neighborhoods.

The greatest losses of vegetated area occurred in a preservation area of the landscape, which is not
densified, and in the area of the Master Plan that has no zoning whatsoever. This fact demonstrates
that the establishment of laws to regulate the use and occupation of land does not align with the
environmental policy, because, the reasonable flexibility existing within the scope of these regulatory
devices opens space for the interests of the actors that compose the managements to redefine priorities
in the name of urban entrepreneurship. Nevertheless, the popular participation forged within the
ambit of the environment and urban development councils of the city of Jodo Pessoa corroborates
these advances that destroy the city's ecosystems.

In the context of climate change, land disputes within the power relations of capital tend to harm micro
rural producers and traditional communities (IPCC, 2019) and may, in the near future, compromise
the food security of the low-income population and traditional populations that persist in their rural
subsistence characteristics, mainly in the southeastern portion of the municipality (Figure 3) where, as
previously stated, riverside, indigenous and quilombola residents live.
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Furthermore, ecosystem services related to the city's climatic-environmental regulation (CARVALHO E
SZLAFSZTEIN, 2019 and VIEIRA ET AL., 2018) can be compromised with the loss of the Atlantic Forest,
bringing consequences for water security in the city, mainly due to anthropic pressure on the Gramame
River (Figure 8), in addition to contributing to the increase of heat islands (OKE et al., 2017 pp. 197), in
future climatic scenarios.

Finally, according to Figures 5, 8 and 9, a large part of the deforestation has occurred in areas of
low urban infrastructure, with the implantation of subdivisions for low income (Figure 4), imposing
risk to these communities, which can experience direct and indirect effects of climate change (IPCC,
2019), mainly those associated with disasters, such as inundations, floods and runoffs, as a result
of the increase in the intensity and frequency of rainy extremes combined with the low quality of
environmental sanitation services (TUCCI, 2008), contrary to indications from the National Adaptation
Plan - PNA (MMA, 2016), to promote urbanization of precarious settlements, and maintenance of
populations in their original settlements, in the consolidated portion of the city.

4 FINAL CONSIDERATIONS

The urban space production process per se press the ecosystems, the pace and urban lifestyle demand
the degradation of natural resources and the conformation of urban structures in Brazil were based on
deforestation, soil waterproofing, contamination of water bodies and in the occupation of vulnerable areas.

In the Anthropocene, with the reality of the climatic emergency, an environmental rationality based
on the idea that everything and everyone is part of interconnected and interdependent systems and
subsystems has guided the production of institutional reports, policies, plans and governmental urban
programs, but, but, although the guidelines and goals are from the perspective of sustainability, in
practice, the executive projects arising from these documents do not correspond to multifunctional
solutions that mitigate urban environmental problems.

What is perceived is that, across governments, there is a mismatch between planning and management.
It is a marketing and deregulation agenda, characterized by the misunderstanding of nature and its
cycles, which appropriates from it to raise funds and “plan projects” of special and dubious interests.

The unsustainable urbanism, wide open on maps, is the result of the supposed “democratic management
of the city”, which grows and spreads according to profit and walls. With the consent of the public
authorities for non-compliance with legislation, be it urban or environmental, the growth of the urban
structure of the municipality of Jodo Pessoa advances on important remnants of the Atlantic Forest.

This neglect of the public power is due both to the implementation of institutional projects for the
settlement of low-income families, in areas lacking urban infrastructure, far from the commercial area
and services of the city, as well as by the impetus for real estate and services aimed at elites and
tourists with high purchasing power.

On the one hand, the vertical densification of areas already consolidated has been discarded by the
upper social classes, who prefer the walls of closed horizontal condominiums or clusters of vertical
condominiums, whose “view of nature” is the main asset of the projects; on the other, the provision
of low-income housing, allocated in areas that are far from the city's tourist attractions, and demand
the suppression of vegetation because they are close to the industrial and mining area, exposed to
pollution and other risks associated with this proximity.

The adaptation of cities to the climate crisis involves sustainable densification, instead of urban sprawl,
promoting the implementation of green infrastructure, sustainable transport and mobility: compact
cities where internal mobility does not imply GHG emissions (MMA, 2016), and which can only be
managed in a participatory manner, with socio-environmental justice for all inhabitants.
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Climate threats do not affect the entire population in the same way, the lower income populations
have less resilience than the more affluent classes but, on the other hand, with the recurrence of
hydrometeorological disasters that affect these low-income or traditional communities, such as riverside
communities, improve adaptation techniques that need to be taken into account when planning and
implementing adaptation actions.

Adaptive measures must necessarily include the implementation of environmental sanitation services
to reduce the risk of extreme events and the proliferation of waterborne and vector-borne diseases,
especially in serving populations with less financial resources. These services must also be linked to
the way of life of traditional populations and the ecosystem in which they will be inserted, based on
alternatives for the collection of domestic sewage treatment and rainwater management that do not
involve large infrastructure and concrete works, which may represent new environmental impacts.

Regarding traditional peoples and communities, the PNA (MMA, 2016) points out the need to maintain
these populations in their traditional environments, promoting land regularization and agroextractive tools.

Deforestation, in addition to promoting the loss of GHG absorption capacity, compromises ecosystem
services (i) of environmental regulation - the loss of vegetation and soil impermeability is directly related
to heatislands, maintenance of water courses and its water capacity, increased energy consumption for
environmental comfort, (ii) provision - by expelling riverside communities and small rural producers, in
addition to (iii) culturally compromising the way of life of these populations.

As a future suggestion, it would be necessary to analyze the living conditions of the populations of the
deforested areas with updated census data in 2021, as well as with data on environmental licenses and
building permits granted throughout the historical data series of Hansen et al. (2013), to understand
the impacts of urban expansion in the city of Jodo Pessoa.

NOTES

1 | The proposed reflection aims only to admit the naturalness of man and the historicity of nature, as discussing the
conceptual dualism of the term is not the objective of this work.

2 | The Creation of Cemaden for risk monitoring and the creation of CENAD and the action structure of civil defenses in
the three spheres of the federation are already important steps in the political, scientific and social organization of risk
management actions in the country.
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RESUMO

No ambito da produgdo do espaco urbano, a politica urbana brasileira apesar de assinalar em suas
diretrizes a luta pelo direito a cidade, parece indiferente aos impactos da especulagdo imobilidria
sobre os ecossistemas. Dado o contexto da emergéncia climatica, é urgente alinhar a politica urbana e
ambiental para o planejamento de cidades adaptadas as mudancas do clima. Este trabalho apresenta,
a partir de dados espaciais do desflorestamento recente da cidade de Jodo Pessoa, as caracteristicas
juridicas e socioambientais da expansdo urbana da cidade e como a politica urbana e ambiental
municipal tém catalisado processos de injustica socioambiental. Constata-se que o planejamento e a
gestdo se limitam a acompanhar as tendéncias sinalizadas pelo mercado imobiliario e que pressionam
0s ecossistemas, principalmente na porc¢ao sul do municipio, e também que os arranjos democraticos
sdo forjados para inviabilizar a atuacdo da sociedade na defesa dos ecossistemas.

Politica Urbana. Politica Ambiental. Espraiamento Urbano. Mudangas Climaticas.

ABSTRACT

In the scope of urban space production, Brazilian urban policy, despite pointing out in its guidelines
the struggle for the right to the city, seems indifferent to the impacts of real estate speculation on
ecosystems. Given the context of the climate emergency, there is an urgent need to align urban and
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environmental policy for planning cities adapted to climate change. This work presents, based on spatial
data from the recent deforestation of JoGo Pessoa, the legal and socio-environmental characteristics
of the urban expansion of the city and how the urban and environmental policy of JoGo Pessoa has
catalyzed processes of socio-environmental injustice. . It appears that planning and management are
limited to following the trends signaled by the market that pressure ecosystems, mainly in the southern
portion of Jodo Pessoa, and also that democratic arrangements are forged to make it impossible for
society to act in defense of ecosystems.

Keywords: Urban Policy. Environmental Policy. Urban Sprawl. Climate Change.

1 INTRODUCAO

A acdo antrdpica sobre os ecossistemas avancou de tal forma vertiginosa desde a Revolugdo Industrial,
criando a era geoldgica do Antropoceno (CRUTZEN, 2006, p. 14), a partir de processos de producdo
socioecondmica que resultam no aquecimento global. As novas formas de organizacao socioecon6mica
mundial, representadas a partir do crescimento populacional urbano, da mobilidade e consumo
desenfreado implicam no uso intensivo dos recursos naturais (BAIl et.al, 2016), amplificando, num
circulo vicioso, as causas e os impactos das mudancas climaticas, desde a escala global até a local.

No entorno das cidades, o desflorestamento é o principal indicativo da pressdao antrdpica sobre os
ecossistemas. A expansao urbana horizontal como a mdxima transformacao de escala local tem nao sé
suprimido florestas, mas pressionado os rios e modificado o solo.

As cidades existem e tem existido na histéria porque os homens encontraram meios mais vantajosos e
eficientes para gerir suas relagdes sociais, econémicas e de poder de forma espacialmente concentrada
(CAMAGNI, 2005, p. 21). No curso da histdria, conforme relata Santos (1997), as relagGes de producdo
econOmica e de reproducdo social que sustentam o capitalismo situaram na estrutura urbana de
maneira diferenciada, no tempo e nos territdrios sob condices técnicas e politicas especificas, formas
de obter lucro através de vantagens proporcionadas pela concentragao das pessoas e das coisas.

Assim, a vantagem locacional da estrutura urbana colocou em segundo plano, ironicamente, nos planos
e planejamentos urbanos, as necessidades antropoldgicas socialmente elaboradas na cidade para se
viver na cidade, negligenciando os ecossistemas.

Segundo Lefebvre (2001), a necessidade do encontro, da organiza¢do do trabalho, do jogo, de comunicagdo
e de uma qualidade de vida foram forjadas pelo urbanismo tecnocratico e dos promotores de venda dos
produtos imobiliarios, materializadas em equipamentos coletivos, comerciais e produtos imobilidrios que
fragmentaram a cidade, gerando segregacao espacial e “novos” problemas urbanos, como os de cunho
ambiental: escassez de dgua, desastres naturais, ondas de calor sdo exemplos desses problemas.

Em seus esforcos para otimizar a organizacdo das atividades econOGmicas e reproducdo social e
minimizar o caos socioambiental, gerado e oriundo, dos planos e planejamentos pretéritos, as entidades
supranacionais, agéncias multilaterais e o poder publico tém idealizado agendas e planos diversos,
cujas pautas, diretrizes e metas visam alcangar a “sustentabilidade urbana” (LEFF, 2007).

A primeira vista, a ruptura de paradigma traz reflexdes importantes sobre a for¢a politica dos agentes
urbanos locais nos processos decisérios e preocupacgdes inevitaveis quanto a sobrecarga da sociedade
urbanano planetaterra. Contudo, urge apontar as contradi¢des existentes na interface do planejamento
urbano e do planejamento ambiental, que catalisam a evolucdo dos conflitos de uso e ocupacgao do
solo, que por sua vez acentuam os problemas ambientais. E, sobretudo, destacar a apropriacdo e
instrumentalizacdo do discurso da protecdao ambiental para fins de especulacdo imobiliaria.
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Quando ateoria de formagao de valor de Adam Smith (1776 [1996]) nega a prioridade da producdo agricola
na geracdo de riqueza, a natureza é propositalmente apontada como um obstaculo ao desenvolvimento
econOmico nas teorias econGmicas classicas, que atribuiram ao trabalho papel fundamental na formacéo
deriquezas!. Neil Smith (1988), ao refletir sobre o complexo processo de producdo da natureza, sob alégica
capitalista de producdo do espaco, destaca que a desvalorizacdo da natureza na teoria foi acompanhada
pela sua desvaloriza¢do na realidade para sua apropriacdo como meio de producdo.

No percurso da urbaniza¢do, aqui, entendida como um processo de multiplas dimensdes catalisado
pela industrializacdo, a suposta dominacdo da natureza foi conveniente na teoria e na pratica até as
crises de escassez de recursos ou seus efeitos mais imediatos (SMITH, 1988), como a mudanca do clima.
As inundacdes, alagamentos, deslizamentos de terra, polui¢cdes diversas e demais pressdes sobre os
ecossistemas sdo alguns dos efeitos mais imediatos e percebidos na escala da cidade. Eles resultam de
um planejamento orientado para as tendéncias do mercado e da especulagdao imobiliaria. Ou seja, ndo
sdo oriundos de uma crise ambiental, mas da contradicdo do préprio processo de produgdo do espago
urbano que expressa seus limites de desenvolvimento ao atribuir valor aos recursos naturais como
agua, vegetacao e solo fértil.

Uma reivindicacdo da natureza esta sendo materializada nas politicas, planos, programas e projetos
(supra)governamentais. Trata-se de um anuncio indireto para fugir ndo sé da tendéncia de uma cidade
deteriorada, fragmentada e dispersa, mas, sobretudo, como argumenta Leff (2007, p.67), trata-se de
um apelo “a construcao de outra racionalidade produtiva, fundada nos potenciais da natureza”.

A adocdo desta perspectiva demandaria um reajuste do planejamento, das diretrizes do ordenamento
territorial e das formas de regulagao dos espacos publicos e das areas prote¢cdo ambiental na cidade,
mas, sobretudo, um reajuste nas formas e espectro da governancga urbana (SOUZA, 2001).

A descentralizacdo das competéncias administrativas e a participacdo da sociedade no planejamento
urbanotémsidoapontadas como caminhos democraticos capazes de mitigar problemas socioambientais
(ONU,2016; JACOBI & SULAIMAN, 2016). Contudo, essa superestimac¢do do poder local nos processos
decisdrios, como instauradora da justica social e da protecdo ambiental, contida nas orientagbes
internacionais, so funciona quando os cidaddos contribuem verdadeiramente na implementacdo e,
principalmente, no monitoramento das politicas publicas. Do contrdrio, conforme argumenta Souza
(2001), corre-se o risco de instrumentalizar o discurso da participacdo popular no planejamento e
o da protecdo ambiental para forjar interesses de produtividade do capital sobre o espaco urbano,
lamentavelmente, como argumenta Campbell (1996, p.196):

Tém sido fracos os controles sobre o uso da terra e o desenvolvimento urbano nas cidades do
Terceiro Mundo, e a maioria dos instrumentos e técnicas adotados nos paises desenvolvidos —
planejamento do uso da terra e planos diretores, zoneamentos, permissGes para uso da terra
e para construir, além do imposto territorial — é emasculada nos paises em desenvolvimento
pelo poder da demanda, as dificuldades de administragdo, os interesses especiais e a corrupg¢do
(CAMPBELL, 1992, p.196).

Neste sentido, este artigo objetiva apresentar, a partir do desflorestamento recente no municipio de
Jodo Pessoa, as principais areas de expansdo urbana e suas caracteristicas legais e socioambientais
para discutir como a politica urbana e ambiental municipal tém subsidiado o processo de expansao
urbana em detrimento da preservacdao ambiental.

1.1 ESPRAIAMENTO URBANO VERSUS URBANISMO SUSTENTAVEL

Mais de 50% da populagdo mundial vive em dreas urbanas que ocupam menos de 1% da superficie
terrestre (IPCC, 2019). Além de aumentar as emissOes de gases efeito estufa (GEE), o transporte
motorizado, a construgdo civil, o gasto energético na manutengdao e funcionamento das cidades
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(SCHAEFFERA et. al, 2012; BORBA, 2012), a populagao urbana mundial gera cerca de 25% das emissdes
globais totais de carbono, através do uso de energia (IPCC, 2014). A pressado da urbanizacdo sobre os
ecossistemas e a degradacdo de dreas florestadas, dentro e fora do ambiente urbano, tende a aumentar,
seja pela necessidade de producdo habitacional ou pelo consumo de alimentos e outras mercadorias,
em sua maioria produzidas a quildmetros de distancia das grandes cidades.

Dentre os principais impactos das mudangas climaticas no Brasil estdo o aumento de temperatura, a
alteracdo no regime de chuvas e o aumento da ocorréncia de extremos de clima, com especial destaque
aos extremos chuvosos, aumento da ocorréncia de secas, além das e elevacdes e sobre-elevaces do
nivel do mar (MARENGO, 2014).

A urbanizacdo desordenada ou explorada pelos anseios de lucro imediato (HARVEY, 2001) tem
consequéncias no aumento do risco climatico a populagdo. Nos extremos chuvosos, a falta de
infraestrutura urbana como drenagem de 4guas pluviais e saneamento ambiental, bem como
ocupacdo de varzeas e encostas, intensificam o impacto das chuvas nas areas urbanas (TUCCI, 2008),
principalmente, mas ndo exclusivamente, nos assentamentos precdrios, onde também reside a
populagdo mais pobre e vulneravel aos impactos destes eventos (HARDOY & PANDIELLA 2009).

O Assessment Report 5 (AR5) do IPCC (2014) aponta que as populagdes mais vulneraveis
socioeconomicamente sdo também as mais vulneraveis aos impactos das mudancas climaticas: as
intrinsecas relacdes de renda, classe social, género, etnia, idade e necessidades especiais sao fatores
condicionantes da capacidade adaptativa e exposicao ao risco.

Se a vulnerabilidade socioecondmica é um dos principais fatores condicionantes da intensidade do
impacto das mudancas climaticas sobre as popula¢des (OJIMA, 2009; BARCELLOS E HACON, 2007), os
processos de reducdo dos impactos das mudancas climaticas nas cidades passa, necessariamente, por
novas perspectivas de governanca, pautadas nos processos democraticos e participativos previstos
na legislagcdo (JACOBI E SULAIMAN, 2016), no conhecimento popular das comunidades tradicionais e,
também, na redugdo da desigualdade socioecondmica. A reducdo da desigualdade social é questdo
prioritaria para a adaptacdo da populagao brasileira aos impactos das mudangas climaticas. O IPCC
(2014) coloca a importancia das politicas de transferéncia de renda, fazendo inclusive mencdo ao
programa bolsa familia, no ARS5.

No Brasil, 75% dos 5.570 municipios estdo isentos de elaborar Planos Diretores por terem menos de 20
mil habitantes. Apesar do Estatuto da Cidade (2001) e da Reurb (2017) estabelecerem instrumentos
juridicos essenciais para a melhoria da qualidade da infraestrutura urbana, principalmente em
assentamentos precdrios ou informais, a baixa capacidade institucional de muitos municipios
brasileiros (ALMEIDA et al, 2017), atrelada as pressdes do poder do capital sobre a dindmica urbana
dificultam a aplicagdo de tais instrumentos. Esses fatos comprometem o ordenamento urbano e,
consequentemente, o planejamento urbano sustentdvel. Intensifica-se ainda a vulnerabilidade
pela dificuldade em organizar a¢Bes preventivas da defesa civil, que ainda atua no socorro e ndo na
prevencdo® (NOGUEIRA E CANIL, 2018).

Se é essencial promover o planejamento urbano sustentdvel como adapta¢do as mudancas do clima,
incentivar a agricultura urbana, a arborizacdao e permeabilidade das cidades, bem como promover o
adensamento adequado das cidades, inibindo o espraiamento e, consequentemente, a diminuicao da
pressdo das dreas urbanas sobre os ecossistemas e areas rurais, o adensamento urbano inteligente
e a execuc¢do das infraestruturas verdes e digitalizadas sdo elementos do desenvolvimento urbano
gue favorecem a mobilidade ndo poluente de menor gasto energético (COHEN, 2017). Para Nakano
(2018) sdo os instrumentos urbanisticos bem aplicados que podem determinar o “ponto 6timo” de
adensamento, sob a perspectiva socioambiental.

Nesse sentido, o municipio de Jodo Pessoa estd em direcdo oposta a promocgao de uma cidade adaptada
a crise climatica, acomodando o espraiamento urbano, principalmente sobre as uUltimas reservas de
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Mata Atlantica e cursos de abastecimento d’agua do municipio, tdo importantes para a mitigacdo dos
impactos das mudancas climdticas na ocorréncia de doencas, ondas de calor, na seguranga hidrica,
além dos desastres relacionados as ocupac¢des das margens dos rios.

1.2 ESPRAIAMENTO URBANO DE JOAO PESSOA

Jodo Pessoa, capital do Estado da Paraiba, Nordeste do Brasil, tem aproximadamente 800.000 habitantes,
com 214 km2, 64 bairros e 120 aglomerados subnormais (IBGE, 2010). Apenas 20% da populagdo
pessoense tem ensino superior completo e 15% da populagdo estd entre pobres e extremamente
pobres, com renda menor que 1 saldrio minimo (IBGE, 2010).

No municipio de Jodo Pessoa, encontram-se quatro Unidades de Conservacdo, cadastradas no Sistema
Nacional de Unidades de Conservacgdo (SNUC), sendo elas Floresta Nacional da Restinga de Cabedelo
(2004), o Parque Natural Municipal do Cuia (2012), o Refugio da Vida Silvestre da Mata do Buraquinho
(2014) e o Parque Estadual das Trilhas (2017), conforme Figura 1.
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Figura 1 | Mapa de localizagdo de Jodo Pessoa: areas protegidas, areas verdes e area urbanizada.

Fonte: MMA (2019); IBGE (2010). Elaborado pelos autores.

A década de 1960 é um marco da expansdo urbana da cidade, fomentada pela iniciativa privada, com
a consonancia e intervencdao do poder publico. O desenvolvimento dos transportes motorizados e
particulares permitiram o acesso a lugares mais distantes da drea central, que somados a abertura
de avenidas importantes como a da Epitdcio Pessoa e Pedro Il, e a transposi¢ao dos cursos dos rios da
cidade, em especial os dos rios Jaguaribe, Mandacaru, Tambid e pequenos afluentes, possibilitaram o
crescimento da estrutura urbana para a regido norte-nordeste (SILVEIRA et al.,2015 ).

Atualmente, essa logica de producao do espaco urbano é orientada pela légica do mercado imobiliario,
que direciona o crescimento da estrutura urbana para a porcao sul da cidade, onde ndo ha infraestrutura
urbana consolidada e resquicios de Mata Atlantica sdo sistematicamente suprimidos para alocar,
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principalmente, empreendimentos turisticos dos governos municipal e estadual, e produtos imobilidrios
residenciais verticais, para um baixo renda na porc¢do sul-sudoeste, e para alta renda na porgdo sul-
sudeste do municipio, constituindo uma cidade fragmentada (HARVEY, 2001).

2 METODOLOGIA

Dados espaciais e socioambientais foram utilizados e correlacionados em técnicas de analise espacial
para construcao de mapas que permitiram delinear a realidade da expansao urbana. O levantamento
dos dispositivos juridicos que regulam o uso e ocupacdo do solo da cidade, bem como dos registros
democraticos de audiéncias e conselhos municipais serviram para identificar e caracterizar a dindmica
e arranjos politicos existentes na cidade.

Para compreensdao do tema, buscou-se um alinhamento do debate urbano com o ambiental pela
selecdo de um repertdrio conceitual capaz de fornecer um entendimento sobre a natureza social da
cidade e dos processos ecolégicos que ocorrem em estruturas urbanas.

Os conceitos foram divididos em trés grandes tipos: a) os indispensdvel para pensar a problematica,
como “producdo do espaco” e "mudanca climdtica”; b) os que estdo em fase de aceitagdo no
ambito do sistema filosdfico de validagdo que utilizam os primeiros, apesar de necessarios, como
“sustentabilidade”; c) e aqueles ndo recorrentes, mas que neste trabalho foram fundamentais para
alinhar as dimensd&es de analise, como o “politica de escalas”.

Nesse sentido, o levantamento bibliografico consistiu na busca por obras classicas, revisdes tedricas e
do estado da arte via documentos oficiais (atas, planos, mapas e relatérios) e dispositivos juridicos, que
por sua vez indicaram os dados socioeconémicos e espaciais indispensaveis a andlise espacial.

As geoestatisticas foram elaboradas a partir de dados derivados do projeto Global Forest Change
(HANSEN et al., 2013), dados do IBGE (2010, 2017), do Plano Diretor Municipal (PMJP, Lei Municipal
054/2009) e Ministério do Meio Ambiente (2019), em um sistema de informacdo georreferenciado.

Os dados de desflorestamento (HANSEN et al., 2013) em formato raster indicam a data da perda de
floresta a cada ano, em uma série histérica de 2000 até 2018, com base em imagens Landsat. Estes
dados foram vetorizados e posteriormente transformados em manchas de concentragao de ocorréncia
de perda de vegetacdo, a partir da densidade de linhas de cada vetor.

Estas manchas de concentracdo de ocorréncia de perda de vegetacdo apontaram, em meso-escala,
quais as areas mais afetadas pelo desflorestamento, uma vez que o intuito é observar o processo de
producdo do espaco urbano, do ponto de vista da perda de dreas verdes e pressdo sobre os ecossistemas.

Entendendo que o desflorestamento se da quando da expansdo urbana sobre os ecossistemas, as
manchas de perda de vegetacdo foram plotadas sobre Unidades de Conservacdo e hidrografia. Por
outro lado, para a compreensdo das caracteristicas socioambientais do espraiamento urbano, estas
manchas foram também plotadas sobre a classificacdo de Tipologias Intraurbanas do IBGE (2017), que
aponta, a partir de dados de saneamento ambiental, renda, escolaridade, acesso a bens e servicos, as
condicdes de vida da populacdo.

Em escala mais detalhada, foram plotados os mapas das manchas de perda de vegetacdo com o
Macrozoneamento, para que fosse possivel observar a producdo do espaco urbano baseado nas estratégias
de governanca urbana da lei em vigor. Por fim, juntamente a estes cartogramas, foram adicionadas imagens
da plataforma Google Earth, permitindo a observacao das agées antrdpicas que causam o desflorestamento.

A partir dos cartogramas gerados, foram feitas andlises da producdo do espago urbano, observando os
diversos aspectos socioambientais e juridicos da expansdo urbana do municipio de Jodo Pessoa.
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3 RESULTADOS E DISCUSSAO

O primeiro Plano Diretor de Jodo Pessoa foi elaborado em 1992 e publicado oficialmente em 1994, através
da Lei Complementar 03/1994 (PMJP, 1994). E fruto da reforma urbanistica brasileira, mas n3o representa
o primeiro ordenamento territorial e zoneamento do municipio. Porém, como um instrumento basico da
politica urbana brasileira apresentou diretrizes, normas e restrigdes para o uso e ocupagao do solo da cidade.
O desenho da expansdo urbana possivel do plano, conforme Figura 2, esbogou preocupag¢des ambientais ao
assinalar as dreas de prote¢do permanente e as unidades de conservacdo municipais e estaduais.

Figura 2 | Plano Diretor de Jodo Pessoa, 1992.

Fonte: Escaneado dos originais analdgicos.

Ao analisar zoneamento pretérito e o uso e ocupacdo recente do solo, é possivel constatar um
indisfarcavel conteudo politico-ideoldgico na sua elaboragdo, ao promover estoque de terras para
empreendimentos turisticos na faixa litoranea da cidade (HARVEY, 2001, p. 166-170 e p. 221).

As zonas de restricGes adicionais, delineadas na Figura 3, e caracterizadas como areas da cidade de
“interesse social de preservacao de caracteristicas ambientais, paisagisticas, histéricas e culturais” foram,
paulatinamente, sendo negligenciadas em nome de interesses particulares e sancionadas pelas gestdes
em nome do “desenvolvimento urbano”, contrariando as expectativas de Leff (2007) de que arranjos
interinstitucionais e instrumentos legais poderiam direcionar a politica urbana a sustentabilidade.

A inexisténcia de um sistema brasileiro de planejamento urbano articulado com os dispositivos juridicos
que sancionam os parametros urbanisticos de uso e ocupacdo do solo com outras politicas publicas que
incidem sobre o urbano, como a ambiental, permite que manobras baseadas em interesses especulativos
menos visiveis sejam executadas sem fiscalizacdo ou controle adequado pelo poder publico.

A exemplo, a construcdo em andamento de um hipermercado, cujo projeto arquiteténico assinala a
edificacdo de 12.000 m? em Setor de Amenizacdo Ambiental (SAA) e Area de Preservacdo Permanente
(APP). A licenga ambiental de instalagao foi concedida pela Secretaria Municipal de Meio Ambiente e
cassada por unanimidade pelo Conselho Municipal de Meio Ambiente (COMAM).

O parecer da conselheira da Universidade Federal da Paraiba, ao processo n22018/068932 e 2018/066994
da Secretaria de Meio Ambiente, foi contundente ao assinalar diversos aspectos pelos quais a obra
deveria ser interrompida, entre eles: i) a incongruéncia na tipificacdo do empreendimento entre a
Secretaria de Planejamento (SEPLAN) e a SEMAM; ii) a negligéncia do 6rgdo responsavel pela emissdo da
licenca ambiental ao permitir uma taxa de ocupacdo do lote em dobro da estipulada por lei no setor de
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ameniza¢do ambiental; iii) ao ndo coibir a supressao vegetal de fragmentos da Mata Atlantica; iv) autorizar
ainstalagdo de um empreendimento que ndo apresenta um plano de gerenciamento dos residuos sélidos
e efluentes, em drea sem infraestrutura de saneamento; v) e ndo apresentar um estudo de impacto de
vizinhanca para empreendimento deste porte. Apesar da unanimidade do pedido de cassacao da licencga,
a obra continua em andamento. Tal fato, trata-se de um exemplo claro de como a producdo do espaco
urbano se dd de acordo com os interesses do capital acima dos interesses socioambientais da populagdo,
a partir da anuéncia e conveniéncia do poder publico.

Essas praticas das gestGes municipais ndo s6 demonstram um desequilibrio entre a politica de escalas
da legislacdo urbana e da legislacdo ambiental, que possibilita um descumprimento entre uma e outra,
conforme o interesse dos agentes que participam e operam o ritual burocratico, conforme Campbell (1992).

Os processos e fluxos naturais que se ddo na paisagem urbana sdo fundamentais para uma qualidade de vida
cotidiana na cidade. N3do é sé uma questdo de protecdo ambiental, mas um direito a cidade. O contato com
a natureza, tomar sol, respirar ar puro, caminhar para fazer compras, ter acesso a agua potavel, encontrar
amigos e trabalhar sdo necessidades individuais que realizamos de modo coletivo na cidade.

Com os retrocessos institucionais em dreas criticas como a ambiental e a urbana, tém-se permitido o avango
da estrutura urbana nos fragmentos de Mata Atlantica, ndo apenas no municipio de Jodo Pessoa, mas
também como ocorre no litoral norte do Estado de Sdo Paulo (BORELLI, 2007), com o avanco da urbanizacdo
fragmentada, pautada na exploracdo turistica da regido e que implica na perda da qualidade de vida na
cidade, ou conforme Barreto (2013), que estudou profundamente o histérico de ocupacdo da Mata Atlantica
nordestina, desde a colonizagdo aos dias atuais. Barreto (2013) aponta também a necessidade de promover
conectividade entre os fragmentos de Mata Atlantica no Nordeste brasileiro, proposi¢do esta que se torna
invidvel com o espraiamento urbano e pressao sobre o que resta deste bioma.

Apesar de possuir duas grandes areas ndo urbanizadas, uma ao norte e outra ao sul, o desflorestamento
do municipio de Jodo Pessoa concentra-se na porgao sul do municipio, conforme Figura 3, onde existem
comunidades quilombolas, indigenas e pescadores artesanais, como Paratibe, Tabajaras e Jacarapé,
nenhuma delas demarcadas ou regulamentadas.

Barra do Gramame
Mugumagro & Paratibe,

Perda de Vegetagao no tempo* [ Cobertura vegetal 2000  Concentragéo da Perda de Vegetagao

Cobertura vegetal 2000 - 2008 [ Areas protegidas e pragas baixa  gpoporado por Perez, LP & Sales, ALP para arligo
Jodo Pessoa - 2007 - 2012 [ Area urbanizada média  submetide a revista Cadernos Metrépole em 2019.
- . *Hansen et. al - High-Resolution
2000 - 2018 I 2013 - 2018 — Hidrografia [ ata Global Maps of 21 Century Forest
l:’ Bairros Cover Change.

Science | 15 nov 2013 : 850-833.
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Figura 3 | Mapas da cobertura vegetal e perda de vegetacdo em Jodo Pessoa.
Fonte: Hansen et al. (2013), MMA (2019). Elaborado pelos autores.
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Entre 2007 e 2018, grandes areas de desflorestamento podem ser observadas na por¢do sudeste, proximas
ao Parque Estadual das Trilhas, Unidade de Conservagao decretada em 2017. A mancha em laranja, na Figura
3, mais a leste, é o Centro de Convencdes, inaugurado em 2012, e que é parte do plano de desenvolvimento
de um distrito industrial de turismo de alto padrdo (GOVERNO DO ESTADO DA PARAIBA, 2017).

Na porgdo norte do Parque das Trilhas, bairro Costa do Sol, Figura 4, o desflorestamento mais recente
pode ser observado sob a légica do capital que segue, espacialmente, o empreendedorismo da politica
publica urbana (HARVEY, 2001) para ocupar areas antes florestadas e que agora possuem infraestrutura
de transporte trazidos pela instalagdo do Centro de Convencgdes. Na porgao sudeste, em bairros como
Barra do Gramame, Mugumagro e Paratibe, o desflorestamento aparece em dire¢do ao municipio
vizinho, o Conde, que possui praias disputadas pelo setor turistico.

As manchas de perda de vegetacdo das dreas centro sul e sudoeste, respectivamente do bairro
Gramame, seguido dos bairros de Mussuré e Mumbaba, se apresentam como a grande fronteira de
expansdo sobre os ecossistemas - das areas de Mata Atlantica ao rio Gramame, que abastece a cidade.
Na Figura 4 é possivel observar que, diferente do entorno do Parque das Trilhas, nessas areas encontra-
se baixa condigdo de vida (IBGE, 2017).

Condigoes de vida
da populagac | IBGE

Tipologia Intraurbana IBGE

. c
[ ) Melhor
E o —_—
Condigbes de Vida
F
| [ Piar
Centro Histérica, - H
[ Concentracdo da
perda de vegetagao
[ Bairros
Mussuré e Mumbaba
*Classificagdo baseada em dados
Gramame censitarios 2010, a partir de renda,

saneamento ambiental, acesso
abens e servicos e condigdes
habitacionais. IBGE, 2017.

Figura 4 | Tipologias intraurbanas de Jodo Pessoa.

Fonte: IBGE (2017). Elaborado pelos autores.

Com o calculo de perda de vegetacdo, entre 2012 e 2018, por macrozona do Plano Diretor, é
possivel observar que a expansdo urbana se da prioritariamente (quase 90% do total) sobre Zonas
Nao Adensaveis, de Adensamento Nao Prioritdrio, Setores de Amenizacdo Ambiental, Preservacao
da Paisagem e extremamente proximos das Zonas de Protecdo Ambiental, muitas vezes ocorrendo
as margens de areas de preservagao permanente. Tal constata¢cdo, aponta um descumprimento da
legislagdo e para a fragilidade da politica urbana e ambiental municipal face aos ecossistemas, que
deveriam ser valorados em uma cidade vista como turistica.
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Tabela 1 | Perda de vegetagdo (2012-2018) por Macrozona do Plano Diretor.

Macrozona Area (ha) Percentual (%)
ZONA DE PRESERVACAO AMBIENTAL - ZPA 157.1 53.1
ZONA NAO ADENSAVEL - ZNA 105.3 35.6
SEM ZONEAMENTO 15.7 5.3
ZONA ADENSAVEL NAO PRIORITARIA - ZANP 12 4.1
SETOR DE PROTECAO DA PRAISAGEM - SPP 2.7 0.9
SETOR DE EXPLORACAO MINERAL 13 0.4
ZONA ADENSAVEL PRIORITARIA - ZAP 1 0.3
SETOR DE AMENIZAGCAO AMBIENTAL - SAA 0.5 0.2
SETOR DE TRATAMENTO DE RESIDUOS LiQUIDOS 0.3 0.1

Fonte: Elaborada pelos autores a partir de dados Hansen et al. (2013) e PMJP.

Na porgdo sudoeste de Jodo Pessoa encontram-se grandes manchas de desmatamento provenientes
de dois processos muito distintos: mineragao e habitacdo social e popular, conforme Figura 5.

Mussuré e Mumbaba

Macrozoneamento

Area sem Zoneamento
ZNA - Zona Nao Adensavel
§ CorFsntracEcidsjPerdatsVegetacaa ZANP - Zona de Adensamento Nao Prioritario

[ Perda de Vegetagao (2000-2018) ZPA - Zona Preservagio Ambiental
® Minha Casa Minha Vida Lei 054/2009

Figura 5 | Detalhamento da perda de vegetac¢do no bairro Costa do Sol.

Fonte: Hansen et al. (2013), Lei 054/2009, Google Earth Pro. Elaborado pelos autores.

Em uma drea que nao tem macrozona definida pela lei vigente, percebe-se a exploracdo mineral (Figura
5) no entorno de Zonas de Prote¢do Ambiental.

Conforme Silva et al. (2016), a expansdo urbana segrega os mais pobres de oportunidades
socioambientais, uma vez que o acesso a cidade se da pelo consumo e custo da terra. Em Jodo Pessoa,
e em outras cidades do litoral nordestino, as dreas mais distantes da “vista para o mar” sdo as mais
excluidas e Donegan (2019) ja discutiu como a infraestrutura urbana litoranea possui uma morfologia
urbana que exclui a parcela mais pobre da populagao.

Nos bairros do Cabo Branco e Altiplano do Cabo Branco, embora as manchas de desflorestamento
sejam menores (Figura 3), é importante observar a alta condicdo de vida (IBGE, 2017) da populagéo
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nestas areas (Figura 4) para, a seguir, compreender como se dd a produgao capitalista do espaco
urbano nas regides mais turisticas de Jodo Pessoa.

No bairro Costa do Sol é possivel observar (Figura 6) que, de acordo com a legislacdo vigente (PMJP,
Lei Municipal 054/2009), a perda de vegetacdo se deu em zonas ndo adensaveis ou de adensamento
nao prioritario. Trata-se de loteamentos aprovados a partir da primeira década deste século, com
condominios horizontais que, apesar de serem apontados pelo censo IBGE de 2010 como de baixa
renda, hoje estdo sendo ocupados por populacdo de classe média alta, suposicdo que poderd ser
confirmada apenas no censo IBGE 2021.

Costa do Sol

09
C— Ikm

/4

B

Macrozoneamento
ZNA - Zona Nao Adensavel

[T Concentragao de Perda de Vegetagao

I Perda de Vegetagéo (2000-2018) ZANP - Zona de Adensamento Nao Prioritaric
® Minha Casa Minha Vida ZPA - Zona Preservacéo Ambiental
SAA - Setor de Amenizag@o Ambiental
Lei 054/2009

Figura 6 | Detalhamento da perda de vegetacgdo no bairro Costa do Sol.

Fonte: Hansen et al. (2013), Lei 054/2009, Google Earth Pro. Elaborado pelos autores.

Os bairros destacados na Figura 6 seguem a logica da segregacdo apontada por Harvey (2001), em que
uma parceria publico-privada, ndo legalizada, mas acordada, serve infraestrutura urbana inexistente
fora dos muros dos condominios fechados, ou existente apenas nos arredores dos altos condominios
verticais, atendendo aos anseios da classe mais abastada da populacao.

O Centro de Convengdes, naimagem de satélite da parte inferior da Figura 6, mostra que a infraestrutura
vidria trazida pela construcdo do equipamento contribui para o avan¢o da mancha urbana na regido
sul de Jodo Pessoa. Na mesma imagem, a por¢do mais a leste da mesma foto mostra uma grande area
florestada que vira a se transformar no distrito industrial de turismo de alto padrdo (Governo do Estado
da Paraiba, 2017), conforme mostra a Figura 7 abaixo.
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Mapa apresentado em Audiéncia Publica para Licenga de Instalagdo
para o Distrito Industrial do Turismo | Novembro/2017
(em atendimento a determinagcdo do Ministério Publico Federal/Procuradoria
da Republica na Paraiba, conforme Ata de Reunido realizada em 16 de maio de 2016)

j

Figura 7 | Mapa do projeto de desenvolvimento urbano do Distrito Industrial de Turismo de Jodo Pessoa.

Fonte: Governo do Estado da Paraiba (2017).

E nesta mesma area que se localizam a Comunidade Jacarapé, em que vivem pescadores artesanais
divididos em dois nucleos, sendo um deles a beira-mar (Figura 3). Esta comunidade tem sofrido diversas
tentativas de remocao, para dar lugar aos empreendimentos turisticos, materializando o que o IPCC(2019)
aponta como disputa de terra e perda de modos de vida e subsisténcia das comunidades tradicionais.

Os poligonos das unidades de conservagao envolvem a drea do distrito turistico formando um escudo
protetor. Ainfraestrutura urbana destinada a oferta turistica tende a ter mais sobrecarrega e a pressionar
a biodiversidade adjacente mais que a demanda doméstica. Ironicamente, boa parte do fragmento de
Mata Atlantica que se constitui como o principal ativo do empreendimento serd suprimido para dar
espacgo aos resorts que serao implementados. A racionalidade econémica e politica que guiam esses
projetos e agGes do governo mostram uma ordem baseada na lei de mercado, na qual os entes do
Estado agem como empreendedores urbano para atrair investimentos (Harvey, 2001).

Barra do Gramame, Mugumagro e Paratibe
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Figura 8 | Detalhamento da perda de vegetagdo nos bairros Barra do Gramame, Mugumagro e Paratibe.

Fonte: Hansen et al. (2013), Lei 054/2009, Google Earth Pro. Elaborado pelos autores.
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Na porgcao sudeste do municipio, o desflorestamento se da principalmente pela ocupagdo de
chacaras de veraneio, como mostra a Figura 8. Corroborando com o Macrozoneamento Municipal,
sdo loteamentos de baixo coeficiente de ocupacdo. Esses assentamentos fazem pressdo sobre o rio
Gramame e sobre populagdes tradicionais que ainda lutam por reconhecimento, como a comunidade
do Paratibe e os indigenas Tabajara (QUARESMA, 2017), que devem sofrer processo de expulsido por
influéncia da especulagao imobilidria, sendo a comunidade Paratibe ameagada pela mesma légica da
remoc¢do da comunidade Jacarapé, implicando ainda na perda de servicos ecossistémicos culturais,
além de provisdo (IPCC, 2019).

E Gramame

o
i C———— km

Macrozoneamento

Area sem Zoneamento
= = ZNA - Zona N&o Adensavel
- SRILCHERpD HoFEda e EpelngE0 ZANP - Zona de Adensamento Néo Prioritario

I Perda de Vegetagao (2000-2018) ZPA - Zona Preservagdo Ambiental
@® Minha Casa Minha Vida Lei 054/2009
Figura 9 | Detalhamento da perda de vegetagdo no bairro Gramame.

Fonte: Hansen et al. (2013), Lei 054/2009, Google Earth Pro. Elaborado pelos autores.

No Gramame, o grande vetor de desflorestamento é a construcdo de loteamentos de baixa renda,
alguns subsidiados pelo Governo Federal, com recursos do Programa Minha Casa Minha Vida e outros
erguidos por pequenas construtoras da cidade. Apesar de estar sobre uma Zona N3o Adensavel, a
mancha de perda de vegetacdo mostra parcelamento do solo denso e continuo.

Sao lotes pequenos, de alta taxa de ocupagdo, conforme mostram as imagens de satélite na Figura 10.
Ainda sobre as Figuras 7 e 8, vale colocar que os bairros apresentados se encontram muito préximos do
rio Gramame, curso d’dgua que abastece 70% da cidade, podendo (i) comprometer a disponibilidade
hidrica da regido em cenarios futuros de alteragdo nos regimes de chuva e (ii) colocar em risco de
inundag¢do ou enchentes as populagdes pobres residentes préximo ao rio, com o aumento de extremos
chuvosos aliado a baixa infraestrutura de saneamento ambiental (HARDOY E PANDIELLA, 2009).
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Cabo Branco e Altiplano do Cabho Branco
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Figura 10 | Detalhamento da perda de vegetagdo nos bairros Altiplano do cabo Branco e Cabo Branco.

Fonte: Hansen et al. (2013), Lei 054/2009, Google Earth Pro. Elaborado pelos autores.

Situados em localizacdo de vista privilegiada para o mar, os bairros Cabo Branco e Altiplano do Cabo
Branco, o desflorestamento da regido se deu para a constru¢ao de condominios horizontais de alta
renda. No Altiplano do Cabo Branco, Figura 10, imagem de satélite do meio, se dd ao redor dos
condominios verticais de altissima renda, aprovados por meio de alteracao no gabarito definido no
zoneamento, via decreto, em 2008. No bairro do Cabo Branco sdo condominios horizontais, também
de altissima renda, com baixa taxa de ocupacdao. Ambos bairros tém baixos indices de saneamento
ambiental e o entorno ndo possui sistema de drenagem de aguas pluviais (IBGE, 2010).

Estes bairros estdo assentados sobre a Barreira do Cabo Branco de formacgdo geoldgica sensivel ao
deslizamento, situada na direcdo dos corais “do Seixas”, que estdo ameacados pela erosdo da falésia.
A exemplo, em junho de 2019, durante um extremo chuvoso que durou mais de 72 horas, parte da
barreira deslizou sobre o mar, afetando parte dos corais. Neste processo de ocupacdo formalizada,
legal do ponto de vista da politica urbana, subverte a idealizacdo de uma cidade sustentdvel de Leff
(2007) fortalecendo a segregacdo da elite em clusters de realidade urbana inexistente fora dos muros
ou perimetros desses bairros.

As maiores perdas de area vegetada se deram em zona de preservacdo, de preservagdo da paisagem,
ndo adensdveis e na drea do Plano Diretor que ndo tem zoneamento algum. Tal fato, demonstra que o
estabelecimento de leis para regular o uso e ocupacdo do solo ndo se alinha com a politica ambiental,
pois, a razoavel flexibilidade existente no ambito desses dispositivos de regulacdo abre espaco
para que os interesses dos atores que compdem as gestdes redefinam as prioridades em nome do
empreendedorismo urbano. Sem embargo, a participa¢do popular forjada no ambito dos conselhos de
meio ambiente e de desenvolvimento urbano da cidade de Jodo Pessoa corrobora com essas investidas
que destroem os ecossistemas da cidade.
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No contexto das mudancas climaticas, a disputa de terra dentro das relages de poder do capital tendem
a prejudicar os micro produtores rurais e as comunidades tradicionais (IPCC, 2019) podendo, no futuro
préximo, comprometer a seguranca alimentar da populacdo de baixa renda e das populacGes tradicionais
que persistem em suas caracteristicas rurais de subsisténcia, principalmente, na porg¢ao sudeste do municipio
(Figura 3) onde, conforme colocado anteriormente, residem ribeirinhos, indigenas e quilombolas.

Além disso, os servigos ecossistémicos relacionados a regulagdo climatico-ambiental da cidade
(CARVALHO E SZLAFSZTEIN, 2019 e VIEIRA ET AL., 2018) podem ser comprometidos com a perda
de Mata Atlantica, trazendo consequéncias para a seguranca hidrica na cidade, principalmente pela
pressdo antrépica sobre o rio Gramame (Figura 8), além de contribuir com o aumento de ilhas de calor
(OKE et al., 2017 pp. 197), em cenarios climaticos futuros.

Por fim, conforme Figuras 5, 8 e 9, boa parte do desflorestamento tem se dado em dareas de baixa
infraestrutura urbana, com a implantacdo de loteamentos para baixa renda (Figura 4), imprimindo
risco a estas comunidades, que podem experimentar impactos diretos e indiretos das mudancas
climaticas (IPCC, 2019), principalmente aqueles associados aos desastres, como inundagdes, enchentes
e enxurradas, fruto do aumento da intensidade e frequéncia de extremos chuvosos combinado a baixa
gualidade dos servigos de saneamento ambiental (TUCCI, 2008), contrariando as indicagGes do Plano
Nacional de Adaptacdo - PNA (MMA, 2016), de promover urbaniza¢cdo de assentamentos precarios,
e manutencdo das populagdes em seus assentamentos originarios, na por¢do consolidada da cidade.

4 CONSIDERAGOES FINAIS

O processo de produgdo do espago urbano per se pressiona os ecossistemas, o ritmo e estilo de vida
urbana demandam a degradacdo de recursos naturais e a conformacgdo das estruturas urbanas no
Brasil foram baseadas no desflorestamento, na impermeabilizacdo do solo, contaminagdo dos corpos
d'agua e na ocupacdo de dreas vulnerdveis.

No Antropoceno, com a realidade da emergéncia climatica, uma racionalidade ambiental pautada na
ideia de que tudo e todos sdo parte de sistemas e subsistemas interconectados e interdependentes tém
orientado a producdo de relatérios institucionais, politicas, planos e programas urbanos governamentais
mas, muito embora as diretrizes e metas versem pela perspectiva da sustentabilidade, na pratica, os
projetos executivos oriundos desses documentos ndo correspondem a solu¢cdes multifuncionais que
mitiguem os problemas ambientais urbanos.

O que se percebe é que, atravessando governos, ha um descompasso entre o planejamento e a gestdo.
Trata-se de uma agenda mercadoldgica e desrregulacionista, caracterizada pela incompreensdo da
natureza e seus ciclos, que se apropria dela para levantar financiamentos e “planejar projetos” de
interesses especiais e escusos.

O urbanismo insustentavel, escancarado em mapas, é fruto da pretensa “gestdo democrdtica da
cidade”, que cresce e se espraia em fungdo do lucro e dos muros. Com anuéncia do poder publico pelo
descumprimento da legislacao, seja ela urbana ou ambiental, o crescimento da estrutura urbana do
municipio de Jodo Pessoa avanca sobre resquicios importantes de Mata Atlantica.

Esta negligéncia do poder publico se dd tanto pela concretizacdo de projetos institucionais para o
assentamento de familias de baixa renda, em areas desprovidas de infraestrutura urbana, distantes da
zona comercial e servigos da cidade, como pelo impulsionamento por empreendimentos imobilidrios e
de servicos direcionado as elites e turistas de alto poder aquisitivo.

De um lado, o adensamento vertical das dreas ja consolidadas tém sido descartado pelas altas classes
sociais, que prefere os muros dos condominios horizontais fechados ou clusters de condominios verticais,
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cuja “vista da natureza” é o principal ativo dos empreendimentos; do outro, a provisdo habitacional de
baixa renda, alocada em areas distantes dos atrativos turisticos da cidade, e demandam a supressao da
vegetacdo por estarem préximos da area industrial e de mineragdo, expostas a poluicdo e outros riscos
associados a essa proximidade.

Aadaptacdo dascidades a crise climatica passa pelo adensamento sustentavel, ao invés do espraiamento
urbano, promovendo a implantagdo de infraestruturas verdes, de transporte e mobilidade sustentaveis:
cidades compactas onde a mobilidade interna ndo implica em emissdao de GEE (MMA, 2016), e que so
pode ser gestada de maneira participativa, com justica socioambiental para todos os habitantes.

As ameacas climaticas ndo afetam toda a populacdao da mesma forma, as populacées de mais baixarenda
apresentam menos resiliéncia que as classes mais abastadas mas, por outro lado, com a reincidéncia
de desastres hidrometeoroldgicos que afetam estas comunidades de baixa renda ou tradicionais,
como ribeirinhos, aprimoram técnicas de adaptacdo que precisam ser levadas em consideracdo no
planejamento e implantacao de a¢des de adaptacao.

Medidas adaptativas devem passar necessariamente pela implantacdo de servicos de saneamento
ambiental para redugdo do risco aos eventos extremos e a proliferacio de doengas de veiculagdo
hidrica e das transmitidas por vetores, principalmente no atendimento as populagdes com menos
recursos financeiros. Estes servicos devem estar também articulados com o modo de vida das
populagdes tradicionais e com o ecossistema em que serao inseridos, a partir de alternativas de coleta
de tratamento de esgoto doméstico e de manejo das dguas pluviais que ndo impliquem em grandes
obras de infraestrutura e concreto, que possam representar novos impactos ambientais.

Sobre os povos e comunidades tradicionais, o PNA (MMA, 2016) aponta a necessidade de manutencdo
destas popula¢des em seus ambientes tradicionais, promovendo a regularizacao da terra e instrumentos
de agroextrativistas.

O desflorestamento, além de promover a perda de capacidade de absorgao de GEE, compromete os
servicos ecossistémicos (i) de regulacdo ambiental — a perda de vegetacdo e impermeabilizacdo do
solo tem relagdo direta com as ilhas de calor, manutencdo dos cursos d’agua e sua capacidade hidrica,
aumento no consumo de energia para conforto ambiental, (ii) de provisdo —ao expulsar comunidades
ribeirinhas e de pequenos produtores rurais, além de (iii) comprometer culturalmente o modo de vida
destas populagdes.

Como sugestdo futura, caberia analisar as condi¢cdes de vida das populages das areas desflorestadas
com dados censitarios atualizados em 2021, bem como com dados sobre as licencas ambientais e os
alvards de construcdo concedidos ao longo da série histérica dos dados de Hansen et al. (2013), para a
compreensdo dos impactos da expansao urbana no municipio de Jodo Pessoa.

NOTES

1 | A reflexdo proposta objetiva apenas admitir a naturalidade do homem e a historicidade da natureza, pois discutir o
dualismo conceitual do termo ndo é o objetivo deste trabalho.

2 | A Criagdo do Cemaden para monitoramento de risco e a criagdo do CENAD e a estrutura de ac¢do das defesas civis nas
trés esferas da federagdo ja sdo passos importantes de organizagdo politica, cientifica e social de a¢des de gerenciamento de
riscos no pais.

3 | Segundo o decreto n2 5.363/2005 do COPAM estabelecimentos acima de 5.000 m? deve ser tipificados como CV4. No
alvard da SEPLAN, o empreendimento é cadastrado como CV1, que corresponde a um mercadinho, apesar de indicar uma
construcdo de 12.418,62 m? em um terreno de 8.497,50 m2. Enquanto a SEMAM, conforme o alvaré de licenca para construcdo
(n22018/000150) classifica 0 empreendimento como médio porte. E de acordo com o decreto n? 6.499/2009, neste setor de
ameniza¢do ambiental ndo pode ser instalado empreendimento tipificados em CV3 e CV4.
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In its Editorial of this second edition of 2020,
Sustainability in Debate warns about the need
and urgency of responsible political action around
preventive measures to combat Covid-19. Given
the national and international scenario, never have
the principles of responsibility, precaution, and
prevention, so dear to sustainable development,
been so current and imperative! In its Dossier
“Environmental Systems Modelling and Landscape
Management”, SeD presents nine articles. They deal
with topics related to innovative methodologies in
quantitative modelling and geoprocessing capable
of promoting ways to improve management and
territorial governance. Closing the edition, we have
the Varia section with four articles, which address
climate change, soil respiration and urbanization. We
wish you a good read!

Nesta segunda edi¢do de 2020, Sustentabilidade em
Debate, em seu Editorial, alerta sobre a necessidade
e a urgéncia de uma agdo politica responsdvel em
relagdo as medidas preventivas de combate ao
Covid-19. Diante do cendrio nacional e internacional,
nunca os principios da responsabilidade, da precaugdo
e da prevengdo, tdo caros ao desenvolvimento
sustentavel, foram tdo atuais e imperativos! Em seu
Dossié “Modelagem de Sistemas Ambientais e Gestdo
da Paisagem”, SeD apresenta nove artigo, que tratam
de temas relacionados a metodologias inovadoras
em modelagem quantitativa e geoprocessamento
capazes de promover meios de aprimorar a gestdo e
a governanga territorial. Fechando a edig¢do, temos a
segdo Varia com quatro artigos, que abordam temas
relacionados as mudangas climdticas, respiragdo do
solo e urbanizagdo. Desejamos uma boa leitura!
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