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ABSTRACT

Brazil islikely to face impacts from global climate change over the next century. One
of the most significant ways it will be impacted is through changing water
availability: Brazil’ s ability to supply water to its people for domestic use and
economic activity will be affected by its response to water conditions, deforestation,
and growth. Brazil’s policiesin relation to climate change, water and deforestation
will likely have a significant impact on Brazil’ s water supply in the long-term. This
paper examines several of the challenges facing Brazil’ s water and forestry polices,
with focus on the effects of climate change, societal forces, and deforestation on the
robustness of Brazilian policy. It also analyzes some of the structural advantages and
deficiencies facing policymakers. Brazil’s policy decisions will have economically
and climatologically impacts worldwide and Brazil will face international pressure
and internal need to manage its resources wisely.

INTRODUCTION

Brazil isthe world’ sfifth largest country,, and a growing economy with
unusually low carbon intensity. However, Brazil’ s future is threatened by global
climate change and water supply issues (Parry, 2007). Brazil’ s policy choices have
far-reaching consequences both globally and domestically, so the nation seeks to
balance its own priorities of development and increasing citizens' standards of living
with international goals of preserving Brazil’s Amazonian ecosystems. One of
Brazil’ s gravest environmental challengesis deforestation. Asthe Amazon rainforest
loses areato farmland, carbon emissions from burning plant matter and decreased
carbon storage capacity contribute to global climate change. Simultaneously, the loss
of forest cover changes water storage patterns and allows for increased erosion and
surface water sedimentation. Brazil’ s rural population has limited access to improved
water supplies, and the large urban population is particularly challenged by water
constraints and contamination from untreated sewage.

Even as Brazil’ s policymakers and water planners address these supply and
treatment issues, climate change threatens to worsen the situation with reduced
precipitation in drought-prone areas and heat-driven forest die-off that exacerbates the
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problems of deforestation. The nation’s water policy is charged with protecting
human health and standards of living even as it is asked to protect Brazilian water
resources. Brazil’ s policymaking is characterized by split federal, state, and local
jurisdiction that allow for tailored local policies but can impede large national and
international efforts, particularly when local economics contradict environmental
goals. Climate change threatens Brazil’ s water resources and its ability to adequately
meet the challenges of development and environmental protection. Though Brazil’s
water policies are progressive, the nation is correct to worry about the impact of
global climate change on its water.

WATER RESOURCES

Brazil has over 40,000 m*/year of renewable water resources per capita, well
above the global average of 8,000m°/year, but most of the water resources are in the
Amazon basin, far removed from the eastern population centers and southern
agricultural regions (“Brazil”, 2010). The Amazon Basin is also amajor global carbon
sink whose forests are threatened with large scale die-off if rising temperatures and
declining rainfall from climate change continue (Bates, 2008 Marengo, 2009).

Brazil’ s policymakers have recognized challenges, and Brazil has implemented
progressive water and forestry policies (Government, 2010). While Brazil’ s policies
are strong, more must be done to integrate local needs like economic development,
national goals like effective resource management and long-term growth, and
international priorities like climate change mitigation and biodiversity preservation.

The need for integrating numerous, occasionally clashing perspectives into
Brazilian forest and water policy is as vast as the importance of Brazil’s forest and
water resources. The Amazon river basin isthe largest river basin in Brazil, with the
majority of Brazil’s freshwater resources. The rest of the country is covered by 7
other major river basins (Junior, 2005). These river basins have seasona droughts
and their water resources are already strained. Brazil’ s highly concentrated popul ation
exacerbates the problem. The State of S&o Paulo contains the largest city in Latin
America and one quarter of Brazil’s population, but it only has accessto 1.6% of
Brazil’s water resources (Junior, 2005). This disconnect between the location of water
resources and population is widespread in Brazil (Benjamin et al, 2005).

Unlike urban users, rural agricultural and industrial users have limited water
supply constraints. Thisis due to two major factors. First, Brazil uses a smaller
fraction of its water supply on agriculture than the Latin American average due to
crop differences (United, 2005). Second, agricultural lands tend to be in upstream
regions, which means that farmers face fewer water quality problems from untreated
sewage than coastal urban dwellers (Junior, 2005). Despite these advantages for
agricultural and industrial users, rural domestic users face major access constraints
with regard to improved water supply and sanitation, as will be discussed later in this
paper.

Although Brazilian farmers account for a smaller percentage of water use than
their Latin American neighbors, agricultural water use isrising along with water use
from all sectors. As Brazil’s economy grows and matures, the water demands grow as
well. Brazil isthe eighth largest economy by some measures and is still growing
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(McKinsey, 2010). The growth has been typical of most developing countries, with a
large income gap and huge disparities in resource and infrastructure allocation.
Atypically, however, Brazil has developed with low carbon intensity, in large part due
to its vast hydroelectric resources. Brazil has emerged as a devel oping-country leader
in transitioning to alow-carbon economy (Government, 2010). It has done this by
utilizing hydroel ectric power generation, sugar-based ethanol fuel, and progressive
regulations (McKinsey, 2010). Nevertheless, Brazil will still need to make significant
changes to certain economic sectors to meet its own greenhouse gas reduction goals.

GREENHOUSE GASES AND DEFORESTATION

Brazil has set these aggressive greenhouse gas reduction goals because of the
clear and apparent threat to Brazil’ s ecosystems and economy from global climate
change (McKinsey, 2010). Climate change could significantly impact all of the major
river basins of Brazil (Bates, 2008). However, the impacts on the Amazon River
Basin and the coastal river basins are most critical. Rising surface seatemperatures
are expected to cause a decrease in summer rainfall in the Amazon (Solomon, 2007).
This could have significant ecological impacts as “ up to 40% of the Amazonian
forests could be affected by even sight decreasesin precipitation” (Bates, 2008) and
decreased rainfall could also increase the risk of wildfire, increase river runoff, and
reduce the size of the Amazonian carbon sink. These stresses on the forest will force
it to adapt as more fire- and drought-tolerant species take over. This process,
savannization, could dramatically reduce the biodiversity, carbon sink capacity, and
economic value of the Amazon (Parry, 2007).

The same forces decreasing summer rainfall in the Amazon cause similar
effectsin the northern river basins. The aquifers and surface water supplies are
already at risk due to the high population densities and low sanitary standards in the
large coastal cities, especially their slums (Junior, 2005). Northern Brazil’ s coastal
poor will be some of the most affected globally by climate change due to the
projected declinesin water availability (Parry, 2007). Conversely, in the southern
coastal cities predicted increases in precipitation could be very problematic (Bates,
2008). Large sections of the population live in unregulated slums, often on the edges
of hills or mountains. These homes are at high risk of damage or destruction in mud
dlides or heavy rain. However, the increase in rainfall for southern Brazil does
indicate that it isunlikely that agricultural withdrawals for water will grow in the
region (Parry, 2007). For the Amazon, where subsistence and tropical specialty
agriculture dominate agricultural activity, the future of agricultural withdrawals
depends largely on another factor: the rate of deforestation.

Deforestation due to land use change is the largest single contributor to
Brazilian greenhouse gas emissions (McKinsey, 2010) as carbon is released from
burning trees and deforested land loses its capacity to take up carbon. The main driver
of forest conversion isthe expansion of farmland for cattle pasture and soybean
production into the forests (Metz, 2007, Izquierdo, 2008). The land is often
considerably more valuable as farmland than as untouched forests or sustainable
timber land, creating economic incentive for deforestation. Deforestation (and
continued incentives for deforestation) is especially problematic due to the important
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role of the Amazonian forestsin the global atmospheric carbon balance. The Amazon
forest is one of the world’ s largest carbon sinks (Solomon, 2007). However,
deforestation threatens this offset in the future (Metz, 2007). Since some Amazon die-
off due to increased heat and decreased rainfall is expected in even the most
conservative climate models, then additional anthropogenic deforestation will only
further amplify the feedback loop of increased temperatures due to greenhouse gases,
Amazonian die-back, and increased greenhouse gas emissions due to die-back. One
study predicts that 20-40% of the Amazon rainforest could die from the effects of a 2°
Celsius global average temperature increase, widely considered a best-case scenario
(Adam, 2009).

In an attempt to slow anthropogenic damage to forests, Brazil has
implemented several forestry policies to curtail deforestation and promote forest
sustainability (Government, 2010). Primarily, these are incentives to land owners,
sustainable forestry initiatives, and crackdowns on illegal logging (McKinsey, 2010).
The incentives to land owners work to offset the economic advantage of creating farm
land by cutting down forests, helping to eliminate benefits from deforesting small
plots of land. Brazil strongly supports the Forest Stewardship Council and has been
pushing for certification of the Brazilian timber industry (United, 2005). Finally,
using realtime satellite imagery and local reports, Brazilian law-enforcement has
begun to serioudly attack the problem of illegal logging (McKinsey, 2010). These
efforts appear to be beginning to pay off, as 2010 and 2009 had the lowest levels of
deforestation since monitoring began in the 1980s (Government, 2010). The
international community has also attempted to use financial incentives to reduce
deforestation globally, with attention to the Amazon and other rainforests, with
payments for forest protection under a system called Reducing Emissions from
Deforestation and Forest Degradation (REDD) in devel oping countries (Copenhagen
Accord, 2009).

A local threat to these national efforts comes from recent political proposals
from business interests and moderate politicians seeking to reform and limit the
power of the Brazilian Forest Code (Tollefson, 2010). State actors and local
stakeholders argue for more local flexibility in achieving national goals. Suggested
reforms would place more land under state instead of federal management, exempt
smaller landholders from forest reserve provisions, and provide amnesty to some
landholders violating the Forest Code provisions. However, inconsistent conflicting
resource management strategies in a single watershed could lead to ineffective
protections, as forest reserve land is less effective at sustaining biodiversity when split
into smaller swaths. For example, afederally administered stream bed could be
protected while state-administered hillsides on either side are logged, diminishing the
ecological value of stream protection (McKinsey, 2010). A combination of local,
regional, and federal jurisdiction over Brazilian policy actions allows flexibility and
important official acknowledgement of local differences, but it can also slow
implementation of wide-reaching policies aimed at major global challenges like
deforestation and climate change. Local input, participation, and acceptanceis vital to
the success of forest policy: since national and international directives often dictate
actions that bar local access to immediate economic opportunity, successful
implementation depends on local cooperation. However, without a national - and
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global-scale perspective to identify priorities and consistent policy, efficient and
effective forest protection is challenging.

BRAZILIAN WATER POLICY

While split state-federal control isanew concept in Brazilian forest policy, it
isnot new to Brazilian water policy or many of Brazil’s other national policies.
Though the split control can slow implementation of sweeping reform, it can also aid
long-term success. Brazil’ s split control water policy could be a strength in the face of
rapidly changing water conditions under climate change and population growth, asit
allowsfor highly localized policy tailoring while retaining the strength of a coherent
national plan. Brazil has along history of split local-national policy making. This
likely stems from alongstanding problem in Brazilian governance: provinces are too
remote from each other for local policymakers to understand the national picture, but
national policymakers are unable to accurately determine the needs of local
stakeholders and to overcome strong local objections acceptably. Thisis because of
Brazil’s size and its limited centralized power. The Brazilian government is unable to
overcome local objections because of the economic and physical power of the
community in its states. Instead, local stakeholders must be cooperatively engaged by
federal law and actorsin order to ensure the successful enactment of federal
guidelines. This arrangement has been employed in the development of Brazilian
water policy. Brazilian water policy is administered by three levels of actor: the
municipality, the state, and the federal government.

The federal government sets national policies, goals, and programs. Brazilian
water policy isdriven by the National Water Resources Plan, which is determined by
the National Council on Water Resources and implemented by the National Water
Authority. The National Water Authority isthe primary regulator for river basins that
flow over more than one state (“Brazil”, 2010). States only control water resources
that are completely within their territory. However, decisions about individual river
basins are made by River Basin Committees, which combine stakeholders to decide
how to allocate resources and meet national guidelines within an entire watershed,
regardless of political boundaries. These committees often include representatives
from all levels of government, water users, NGOs, and community members.

The River Basin Committees are guided by Brazil’ s progressive National
Water Resources Plan of 2006, which has several unusual features. It isLatin
America sfirst national water plan and is among the world’ sfirst national water plans
(WWEF, 2006). The National Water Resources Plan directs attention to the
relationships among water, forests, and soil usage, acknowledging the need for
integrated water management (WWF, 2006). Through the National Water Resources
Plan, Brazil recognizes a human right to water; the United Nations did not declare a
human right to water until 2010 (South Centre). Brazil’ s Plan also declares that river
basins are the best unit for water resource management and that management needs to
be decentralized and involve al stakeholders. According to the National Water
Resources Plan, the goals of water management should be to allow for multiple uses
for water resources and to manage water resource quantity and quality according to
use (United, 2005). The policy also states that water should be managed as a resource
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with economic value. However, in times of shortage, preference is given to human
consumption, thus valuing the small amount of water needed to sustain individual life
and health highly without having to employ complicated rate structures.

These provisions are fairly progressive and have fostered bulk tariffs for al
water usein Brazil along with voluntary consumption reduction in some
communities. In addition, the federal government has created numerous programs to
help municipalities improve their water supply infrastructure while supporting other
community goals (“Brazil”, 2010). The highly decentralized nature of Brazil’s water
policymaking structure means that there is wide variance from state to state and river
basin to river basin. In addition, while programs from the federal government and
states have been successful in increasing access to water and sanitation, there has
been little progress towards resolving Brazil’ s pending urban water crisis (United,
2005).

The Brazilian government is not the only stakeholder in Brazil’ s water policy.
There has been a strong grassroots movement in Brazil to find ways to improve
Brazilian standards of living without degrading the nation’ s natural resources.
Farmers groups have been strong supporters of the currently strict water and forestry
laws because strict laws protect small farmers against larger agribusiness operations
(United, 2005). International NGOs have also provided technical and financial
support to Brazil’ s water infrastructure. Most notably, the World Bank has loaned
over $100 million USD to Brazilian states for water development (“Brazil”, 2010).

POLICY CHALLENGES

Even with these combined domestic and international resources, Brazil faces
several critical challengesin structuring its environmental policies. First, while Brazil
has made significant strides in providing access to basic water supply and sanitation,
there are still vast underserved segments of the population. Second, Brazil hasto
resolve the conflict between negative effects of climate change and expected
population growth in coastal cities. Finally, Brazil’s current rates of Amazonian
deforestation and land use change present major challenges to attainment of national
greenhouse gas and water resource protection goals. The easiest solutions to these
problems, including a halt to deforestation and devel opment, can conflict with
Brazil’ s economic goals and societal trends. Solutions that prioritize global concerns
like ecological conservation and reduced emissions at the expense of Brazil’s
economy are likely politically unachievable. More complicated solutions will have to
be designed, but there is precedent for combining ecological goals with development
and cost-savings. For example, New Y ork City was able to replace plans for a US$H4
billion wastewater treatment plant with a US$2 billion investment in protecting
upstream watersheds (Bradley, 2010). Similar programs in the Amazon could help
Brazil meet climate, ecological, and water quality and supply goals simultaneously.

Brazil’ s current water infrastructure problems have two main prongs: rural
domestic access and national sewerage and sewage treatment infrastructure. While
99% of urban domestic users have access to improved water systems and 87% of
urban domestic users have access to improved sanitation systems, these figures are
84% and 37% for rural domestic users, respectively. Only 53% of urban and 5% of
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rural domestic users are served by sewerage systems: the remaining improved
sanitation systems are more rudimentary. Further exacerbating water quality
problems, including widespread waterborne ilIness, only about 35% of Brazil’s
collected sewage is treated (UNICEF, 2009). Particularly in urban areas, this
assessment is complicated by the large numbers of illegal residences, often built
improperly, that increase the number of residents without sewer access above the
officia numbers. In S&o Paulo, a metropolis of 40 million people, an estimated 30%
of water intended for human consumption islost to leaks and thefts in Slums. Sdo
Paulo’ s water treatment costs have quadrupled since 1996 as levels of water pollution
and sedimentation increase (Bradley, 2010).

The lack of adequate sewage treatment creates a two-fold problem. First, the
reduced sanitation is a problem for residents, and the health effects stemming from
improperly treated wastewater can have significant societal impacts. Second, as S&o
Paulo has experienced, the untreated wastewater creates issues for downstream users
by substantially reducing water quality. This problem is exacerbated by Brazil’ s high
population density in downstream coastal regions. This coastal density alows small,
upstream urban communities with less capacity to treat sewage to contaminate the
water supply for amuch larger city downstream (United, 2005). Access to improved
water supplies and sanitation is predictably worse in rural Brazil,. Thislack of access
not only limits the standard of living of rural Brazilians: it also creates health
concerns, as a significant portion of Brazil’srural populationis at risk for waterborne
illness from substandard drinking water. Though Brazil’ s overwhelmingly (86%)
urban population (Global Water Intelligence, 2010) somewhat mitigates the impact of
rural supply constraints, it magnifies the significance of urban sanitation deficiencies
and upstream (urban and rural) sewage-based water contamination. Additionally, the
impacts of climate change and rapid deforestation are likely to further reduce
opportunity and standard of living for Brazil’ s rural population, which largely
depends on subsistence farming in the Amazon Basin.. This creates an unfortunate
feedback loop, as the rural poor have the greatest incentive to engage in destructive
slash-and-burn agriculture because of the lack of alternatives.

In addition to current concerns with urban sanitation, Brazil’ s population
centers are also facing predicted water supply constraints in the future. Most of the
population of Brazil arein river basins with already strained water resources (Parry,
2007). These basins, are expected to have significantly decreased rainfall levelsin the
next thirty years due to climate change (Solomon, 2007). However, demographic
models show continued growth in these Brazilian cities. This will become amajor
issue for Brazil. Solutions like marshaling local water resources more effectively,
reducing local demand, or importing water are insufficient to solve the problem
individually. Success will likely require a combination of all these options. In
particular, northeastern Brazil is expected to undergo an ecological shift from semi-
arid to arid, making it one of the locales most impacted by climate change (Parry,
2007).

While some ecological shifts areinevitable, Brazil needsto prevent more of
the Amazon from being deforested by drought or human action in order to preserve
ecological and water resources while slowing its contributions to climate change.
Brazil is a disproportionate greenhouse gas emitter, and to prevent Amazonian die-
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back due to locally reduced rainfall caused by global climate change, Brazil must cut
itsemissions (McKinsey, 2010). The largest single emissions category from Brazil is
in land use change. By deforesting the Amazon and burning land cover, Brazil both
decreases the amount the forest can capture and increases Brazil’ s actual emissions
(Metz, 2007). Brazil has made considerable strides in reducing its deforestation as
technology has helped the government enforce the Forest Code, but these advances
could be undone quickly by any relaxing of regulation.

Brazil has made some strides towards achieving ambitious goals, but those
goals are far from achieved and Brazil’ s policies still face significant social and
political obstacles (McKinsey, 2010).The first obstacle to overcome is establishing
whether environmental goals are worthwhile investments for Brazil: in particular,
whether they are worth the opportunity cost of prioritizing over other dire
socioeconomic issues (Metz, 2007). While Brazil’ s urban water issues must be
addressed, Brazil’s economy could adapt to an Amazonian savannah and farmland.
However, that land use shift could have dire consequences for Brazil’ s water supply,
as forests help to capture, store, and filter water (Bradley, 2010). Such a shift also has
implications for global climate change and the international community is pressuring
Brazil to prevent anthropogenic hastening of the land use transition. Due to Brazil’s
decentralized policymaking process where state and local bodies have considerable
say in how local resources are allocated, the most affected populations must approve
of any federal government responses to international pressures. The Brazilian
government should then ensure that all stakeholders are educated on the positive
impacts of federal policy in the long-term and should continue to provide alternatives
for stakeholders whose livelihoods are impacted by conservation efforts (Metz, 2007).

CONCLUSIONS

Even if the population and the government support the expansion of Brazil’s
water infrastructure and the protection of forests, these two goals themsel ves will
compete for limited financial and human resources. This situation will be complicated
by the fact that urban water infrastructure issues directly affect alarger portion of the
population than Amazonian deforestation, though Amazonian deforestation indirectly
affects all of Brazil and the world. Brazil’s National Water Authority isabody with
limited resources that is responsible both for water protection and water supply and
treatment, and climate change could threaten the effectiveness of Brazil’ s water
policy by overtaxing its ability to respond to major problems.

To resolve these conflicts Brazil must utilize all of the structural advantages of
its decentralized policymaking while leveraging the ability of the federal government
to set standards and incentivize behavior. The decentralized policymaking process
allowsfor considerable input from stakeholders and creativity in resolving issues
(Metz, 2007). This can create more efficient policy aslocal conditions are taken into
account. Since stakeholders have a say in the process, they are more likely to support
the polices that result. However, unless the stakeholders are properly educated about
the depths and compl exities of the issues at hand they will be unable to make efficient
decisions. The federal government is the actor best equipped and positioned to do that
task for the country as awhole, especially because the federal government is equipped

World Environmental and Water Resources Congress 2011



Downloaded from ascelibrary.org by USP - Universidade de Sao Paulo on 05/21/19. Copyright ASCE. For personal use only; al rights reserved.

World Environmental and Water Resources Congress 2011: 1255
Bearing Knowledge for Sustainability © ASCE 2011

to interact with the international community. Through educational programs and
outreach efforts, the federal government can give stakeholders the big picture
perspective required to make long-term decisions (Metz, 2007). However, if the
system of economic and social incentives favors short-term decisions over long-term
decisions, then stakeholders will tend to choose the short-term advantages. To achieve
its environmental and socia goals, the federal government must also structure
national policy and incentive programs to counteract natural short-term incentives
caused by markets, instead incentivizing sustainable and long-term goal focused
policies.
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