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Abstract  
 
Our study is located within the interface of the so-called management of water 
resources and management of environmental sanitation services (water distribution, 
wastewater sewage, rainwater sewage, garbage collection and disposal). We start 
from the hypothesis that integrated water management in the Brazilian metropolitan 
areas faces two impasses: the preservation of water resources and the 
universalization of access to water and sanitation for all urban dwellers. On this 
basis, this paper aims to investigate how climate change is affecting the growing 
vulnerability of the urban water supply in Rio de Janeiro Metropolitan area, and 
how urban water management is being affected by climate change. We also want to 
investigate what policies are being introduced to tackle climate change and to make 
urban water management more sustainable 
 
Key words: climate changes, water management, water governance, urban 
development, urban policies. 
 
Introduction 
 
This work is part of a research still in progress that focuses as much on the 
management of environmental sanitation services as management of waters and 
their multiple uses in urban areas. Whereas the former refers to services of drinking 
water supply, sewage collection and treatment, rainwater drainage, and collection 
and final disposal of solid residues, the latter concerns the activities of taking 
advantage of crude water, its conservation, protection and recuperation, in terms of 



both quantity and quality. They constitute two distinct systems in legal, political 
and institutional terms, the services of environmental sanitation being considered 
users of  water resources. However,  when it is a matter of densely urbanized 
regions, these two management systems become closely intertwined.  
 
In metropolitan areas, the need to think of these two systems in an articulate 
manner becomes more evident in view of the process of intense urban growth and 
aggravation of problems related as much to water scarcity as lack of quality, and 
others of an environmental nature, such as flooding. They are precisely these 
problems or threats that tend to be worsened with the intensification of extreme 
hydrological events arising from climatic variability and change. In this scenario, it 
becomes even more urgent in metropolitan areas to have integration of different 
water policies that involve its supply and protection of water sources, sewage 
collection and treatment, urban drainage and flood control,  and  even  collection 
and final disposal of solid residues.  
 
Taking for example the case of the Rio de Janeiro Metropolitan Area - RJMA, we 
seek to discuss how climatic variability and change can affect urban water 
management, and which policies and actions have been developed by the public 
actors – states  and municipalities – to decrease, control or adapt to situations of 
vulnerability, as much regarding the issue of urban water supply as flooding. 
 
 
Climate change and water management in Brazilian metropolitan areas 
 
Climate changes have significant impacts on the water cycle, aggravating old 
problems and bringing new difficulties. In the Brazilian metropolises, this theme 
has gained importance in public discussions, above all as of 2007, upon publication 
of the IPPC reports. In these, it was confirmed that there is a need to face the issue,  
present scenarios of higher sea levels, which would profoundly affect island 
populations and urban  coastal settlements, the latter being prevalent in the case of 
Brazil.  
 
According to MARENGO et al (2007), the prospect of a higher sea level would 
affect 25% of the Brazilian population, the around 42 million who inhabit coastal 
cities and towns. Of  this universe, the situation of the five principal coastal 
metropolises – Belém, Fortaleza, Recife, Salvador, Rio de Janeiro - is especially 
outstanding, where, according to the 2007 IBGE census, it is estimated 24 million 



are concentrated. The sea level variations could cause surges of up to 20 cm on the 
Rio de  Janeiro State coast and destroy a large part of the urban shorefront 
infrastructure. These projections are perhaps still not sufficient to classify the city 
of Rio de Janeiro and its metropolitan area as being “in a situation of vulnerability”, 
but they already draw the attention of researchers, technicians and the key actors 
who seek to identify  alternatives for the possible impacts of such a problem.  
 
In this scenario, the whole spectrum of water problems in the Brazilian 
metropolises is exacerbated: How to adapt to the potential impact, and, at the same 
time, respond to the more pre-eminent questions of water resources, such as water 
availability and access to sanitation for growing populations? How to invest in the 
adaptation of the water and sanitation systems to the climatic variability and 
changes, considering the cost of such investments and the need to reduce the 
inequalities of access to these public services that still characterize most Brazilian 
metropolises? 
 
In this sense, we consider that investment in structural actions to prevent or 
mitigate the impact of extreme hydrological events, such as floods and droughts, 
must be complementary to non-structural actions, so as to promote integration of 
water management with land occupation, thus promoting the conservation and 
sustainable use of water in an equitable manner. In short, the development of 
adaptive capacity can not be limited to the rich and to the privileged parts of urban 
areas. 
 
The Rio de Janeiro Metropolitan Area - RJMA and its waters 
 
The RJMA, located in one of the smallest states, occupies an area of 12.43% or 
5,384 km², and covers 16 municipalities with 10,710,515 inhabitants.  
 



 
 
With regard to the geomorphologic aspects, the Metropolitan Area can be 
characterized by the identification of the three main groups of elements that define 
its relief: the coastal massifs, the Baixadas [lowlands], and Serra do Mar [mountain 
range] that runs from the north to the east, marking the boundaries with the 
municipalities in the Serrana and Centro-Sul Fluminense regions.  
 
The four massifs closest to the coast are isolated formations: Pedra Branca, Tijuca 
and Serra da Madureira, in Rio de Janeiro, and Serra de Cassorotiba, in Niterói. 
Intermingling with these formations, there are lowlands near the entire coast, 
including lagoons formed by sand bars. Also, between the coastal massifs and Serra 
do Mar, lie interior lowlands, forming a large inhabited area of plains and hills, 
covered by the Baixada Fluminense. 
 
In the region, three types of climatic areas are found, accompanying the diversity of 
relief and location, expressed in the variations of rainfall, temperature, wind and 
relative humidity. In the lowland areas, a tropical climate predominates along with 



a winter dry season, a mean annual rainfall of 1,000 mm per year and a mean 
annual temperature around 23º. The relative humidity varies from 78% to 80% in 
the interior lowlands that are more sheltered from the wind, whereas the range falls 
to 75% - 78% on the coastal lowlands, due to the influence of the northeasterly 
winds.  
 
At the foot of the mountains, the dominant climate is wet tropical, the precipitation 
occurring throughout the year, reaching over 2,000 mm per year at the foot of  
Serra do Mar, decreasing to 1,500 mm – 2,000 mm at the foot of the coastal 
massifs. Due to the frequent rain, the temperatures in these formations are milder, 
the annual mean varying from around 21º to 22ºC. The relative humidity in these 
areas reaches 86%. 
 
A tropical altitude climate predominates on the slopes of the mountain massifs and 
ranges, with more rain in Serra do Mar than on the coastal massifs due to higher 
altitude. In both types of formation, there are differences among the different slopes 
points, it being notable that there is more rain and lower temperatures on those 
exposed to ocean winds. 
 
The hydrographic system of the Metropolitan Area is composed of three large 
groups of basins, according to their places of outlet. The largest of them, covering 
the rivers that drain into Guanabara Bay, presents characteristics of a swampy 
lowland with areas prone to flooding, since they are situated below the average tide 
level. Here various rivers drain intensely occupied areas in the municipalities of 
Rio de Janeiro and in those located in the Baixada Fluminense, in the west part of 
the Bay. The rivers in the east part of this basin are those located in the 
municipalities of Niterói, São Gonçalo and Itaboraí, also a very densely occupied 
area. Other rivers, descending from Serra dos Órgãos, flow across areas of more 
rarefied occupation in the municipalities of Magé and Guapimirim. Also in this 
group, it is worth noting the extensive areas of mangrove located further to the rear 
of the Bay, in the municipalities of Magé, Guapimirim, Itaboraí and São Gonçalo. 
 
Another set is formed of rivers situated more to the west part of the Rio de Janeiro 
Metropolitan Area, that have Sepetiba Bay as their outlet, draining extensive low 
flat areas, prone to flooding on certain stretches, and have the Serra do Mar 
mountains bounding their upper reaches. They cover the municipalities of 
Mangaratiba, Itaguaí, Paracambi, Japeri, Queimados and part of Nova Iguaçu. 
 



The last group is composed of rivers whose outlets are via lagoons, formed where 
open bays are closed by the formation of sand spits, thus acting as transitions 
between the rivers and the sea, to which they are linked by tidal channels. Four 
lagoons with these characteristics are found on the west side of the Bay, in the Rio 
de Janeiro municipality: Rodrigo de Freitas, in a historically densely occupied area; 
and Jacarepaguá, Camorim, Tijuca and Marapendi, in an area of more recent 
occupation. In this set, the existence of areas liable to flooding is also verified. On 
the east side of the Rio de Janeiro Metropolitan Area, in the municipality of 
Niterói, lie two lagoons, Piratininga and Itaipu, draining areas of recent accelerated 
urbanization, and also three other lagoons, Maricá, Barra, Padre an d Guarapina in 
the  municipality of Maricá, in areas where housing development schemes are 
occurring at a rapid pace. 
 
In the ambit of the new state policy for water management, the territory of the Rio 
de Janeiro Metropolitan Area has become divided into two major river basins: 
Ribeirão das Lages and Guandu River (which includes the rivers that flow into 
Sepetiba Bay), and  Guanabara Bay and the Maricá and Jacarepaguá Lagoon 
Systems, which aggregate in the same region the rivers that flow into the Bay and 
the rivers that empty into the coastal lagoons. 
 
Water supply and sanitation in the RJMA  
 
Almost all 16 municipalities of the RJMA have their water supply and sewage 
services managed by the Rio State Company, CEDAE, created in 1975. Only the 
municipality of Niterói conceded exploitation of such services to a private 
enterprise, Companhia Águas de Niterói, in November 1999. This company 
purchases water produced by CEDAE and is responsible for its distribution.  
 
Water supply to the RJMA is organized by means of two macro systems: the 
Guandu Macro System that supplies Rio de Janeiro and most of the municipalities 
west of the Guanabara Bay Hydrographic Region (Baixada Fluminense region); 
and the  Imunana-Laranjal Macro System, drawing water from the rivers Macacu 
and Guapiaçu, which supplies the municipalities of the eastern part of this region 
(Niterói, São Gonçalo and Itaboraí). The option for macro supply systems, that is, 
providing for the majority of the population, has led to part of the ancient micro 
systems, based on the catchment of local water sources, being progressively 
abandoned. Today, the majority of these water sources are also heavily polluted, 
rendering their use for human consumption unviable. 



 
The Guandu River constitutes the main water supply source for most of the RJMA 
municipalities, supplying water for around 85% of the population. The system, 
managed by CEDAE, is benefited by a water diversion system from the Paraíba do 
Sul river basin, whose principal river has its source near the City of São Paulo and 
crosses the whole of Rio de Janeiro State. The water diverted to the Guandu Basin, 
initially only with the aim of energy generation, today constitutes the key water 
source of the Guandu system. Although there are other users for this water, the Rio 
de Janeiro metropolitan area enjoys a relatively comfortable position in terms of the 
quantity available up to 2025, according to projections stated in the Guandu River 
Basin Water Resources Plan (2006).  
 
However, the Guandu River and its tributaries are heavily polluted due to irregular 
occupation processes along its banks and the non-existence of adequate sewage 
collection and treatment systems in the municipalities covered by the basin. The 
Guandu System has operated since 1955, but the law that created the Guandu River 
Environmental Protection area was passed only in 2002. Per day, to treat the water 
drawn in the Guandu System, CEDAE consumes, on average, 318 tons of chemical 
products (around 250 tons aluminum sulfate, 18 tons of chlorine, 30 - 40 tons of 
lime, 10 tons of fluoride), besides 100 kg of polymers. For some years, it has been 
noted that the system has suffered a certain degree of overload, leading to 
suspension of drinking water production on some occasions, due to poor quality 
arising from droughts or heavy rains.  
 
On the other hand, there is great wastage of water in the RJMA. Data from the 
SNIS show that, in 2004, only 66.2% of the water connections in Rio de Janeiro 
State, administrated by CEDAE, were metered, while, in the country as a whole, 
the average index of water metering among the state-run water and sanitation 
companies reached 87.9% of the connections, and 94.9% in the state companies 
from the Southeast Region. If we add to this the loss of revenue for CEDAE, the 
total amounts to 51.7% of the volume of water produced in 2004. According to 
company data, for every 100 reais of water CEDAE produces, it receives only 30. 
The revenue loss arises from default, absence of metering, lack of registration of 
users, meter reading errors and physical losses from the supply network. The low 
levels of commercial and operational efficiency have resulted in limited capacity 
for investment and precarious service: entire regions with intermittent drinking 
water supplies. Since 2007, CEDAE has been implementing a recuperation plan, 



but, until today, this has been focused on financial recovery, employing a set of 
actions to curb irregular connections and extend the billing for this utility.  
  
However, in the more outlying areas of the metropolis, situations of great 
precariousness in water supply are observed. In the sub-region of the Baixada 
Fluminense, the most serious situations identified are in the municipalities of 
Queimados, Japeri, Paracambi and Duque de Caxias, where around 30% of 
households are without access to mains water. Across a major portion of this sub-
region, there are problems concerning irregular frequency of supply, lack of 
pressure in the systems and bad water quality. IBGE data from the 2000 National 
Basic Sanitation Research reveal that there exists a need for water rationing in 
practically all Baixada Fluminense municipalities. The need for such is attributed, 
in most cases, to storage problems. The water supply system in the region is 
precarious, as there is no physical separation between mains pipelines and 
distribution, which signifies an absence of reservoirs and sectorization of the 
distribution system.  
 
A number of users take water directly from the mains pipelines, these connections 
being mainly clandestine. This causes water shortages and/or irregular distribution 
at various points, and excess pressure at others. This situation leads to great 
wastage via an increase in leakages due to damage to the pipelines. On the other 
hand, the successive expansions in channelling of waters and production that have 
taken place in the Guandu  System, have not generated sufficient volume to supply 
the Baixada Fluminense region. The expansion occurred without constructing 
reservoirs and without defining its areas of influence, leading to a system with a 
high degree of uncertainty, operating precariously, based on permanent water 
maneuvers performed at random, plus the DAEs (water and sewage districts) often 
favor certain users. 
 
In the municipality of Rio de Janeiro, the most precarious situations are found in 
the shantytowns, which, despite the City Hall’s Favela-Bairro urbanization 
programs, have been neglected by the company, which does not carry out 
maintenance of the systems implemented by the program. The municipality of 
Niterói, dissatisfied with CEDAE’s performance, opted for municipalization and, 
as mentioned above, privatization, and has succeeded in improving the coverage 
indexes in the regular neighborhoods. 
 



With regard to sewage systems, the situation in the RJMA is much graver, and 
regional discrepancies are more significant. According to IBGE information, 94% 
of the households in the municipality of Rio de Janeiro are connected to the 
collection network, whereas in municipalities of the Baixada Fluminense sub-
region, such as Seropédica and Queimados, this percentage falls to 60%. However, 
these data give a false impression of the reality, as, in the Baixada region, the 
sewage network is limited to a few areas, most households being connected only to 
the rainwater drainage networks. Data from the National Basic Sanitation Research 
of 2000, confirms this information, indicating that, in the majority of the Baixada 
Fluminense municipal districts, the systems are not separate. The domestic sewage 
is carried by the drainage network, and, is therefore, sent, without treatment, to the 
water bodies of the region. For the whole region, the index regarding the treatment 
of sewage collected by the few networks in existence is low overall.  
 
CEDAE, responsible for the sewage collection and treatment systems in the RJMA, 
has developed different programs to improve this situation, such as the Guanabara 
Bay Depollution Program, including important investments in sewage collection 
and treatment systems  in the municipalities covered by this hydrographic basin. 
However, the delay in making these investments, the problems regarding 
synchronization of the works and coherence of the systems mean that the results are 
below those expected.  
 
Situations of vulnerability associated to climate change 
 
Studies conducted by UFRJ professors have sought to discuss the impacts of 
climate change on basic sanitation infrastructure. Based on review of techno-
scientific works in the international context, and considering the physical 
characteristics and operational conditions of the RJMA sanitation systems, 
Volschan Jr. (2007) indicates the eventual effects on water supply and sewage 
systems of three aspects of climatic alterations: rainfall changes, higher sea levels 
and hotter temperatures.  
 
Initially, the rainfall changes in prolonged periods of drought will tend to adversely 
affect the availability of water resources for different uses. The effects of these 
alterations may be detrimental in the case of the RJMA, as much to the large scale 
supply systems, such as that of Guandu, as to other micro systems, still in 
operation, which utilize local surface water sources. Besides this, prolonged 
droughts may reduce water bodies’ capacity to dilute pollutants coming from 



sewage and untreated industrial effluents, which would worsen the quality of such 
water resources.  
 
On the other hand, considering the opposite hypothesis to droughts, that is, the 
possibility of intense rains, Volschan Jr. (2007) points out that this would imply a 
tendency to increase turbidity, fecal contamination and other physico-chemical 
parameters referring to water potability standards, which would require greater care 
in the production at the Water Treatment Stations – ETAs, and, consequently, raise 
operational costs. The concentration of rain would also affect the structural safety 
of the dams that serve water supply systems. 
 
Considering the prospect of a rise in average tide level, the author concludes that, 
by the criteria adopted for development of scenarios, the RJMA public water 
supply systems should not be subject to intrusion of saline water from the sea 
(Volschan Jr., 2007). However, the same cannot be said in relation to areas with 
intermittent supply where dwellers usually resort to individual systems of 
subterranean water extraction, where saline intrusion may be detrimental to water 
quality.  
 
With regard to the sewage systems, the hypothesis of increased rainfall would 
generate a rise in the water table and imply greater infiltration of subterranean 
water into the sewage collection network. This increase in contributions would 
impair the hydraulic capacity of the infrastructure components of sewage systems 
and entail extravasation to the drainage system and receiving bodies. It could, 
furthermore, cause an internal reverse flow of sewage in domestic installations, 
high internal pressures in the sewage collectors, electro-mechanical overloads at the 
pumping stations, and a hydraulic overload at sewage treatment plants (ETEs).  
 
Another possible consequence of a higher water table, caused by a higher 
frequency of rainfall, would be the unviability of the utilization of septic tanks and 
absorptive wells of the sink-pit type, where there are no sewage collection 
networks, mainly in the West Zone [Zona Oeste] of the Rio de Janeiro municipality 
and in various RJMA municipalities. In the neediest areas of the RJMA, in which 
open sewers are currently used for the flow of sewage and rainfall, the result would 
be an even more adverse sanitary-environmental situation.  
 
A raised tide level may also interfere with the hydraulic flow of effluents from 
sewage treatment plants (ETE) into water bodies. Likewise, in urban areas deprived 



of collective public sewage systems, there could be impairment of the hydraulic 
flow of the effluent from private sewage treatment systems of the septic tank-filter 
type and/or compact ETEs. The possibility of exchanges between the sewage 
systems and urban drainage, also a consequence of this alteration in tide patterns, 
may entail violation of the criteria for hydraulic-sanitary operation of all the 
elements that comprise the sewage system and incur internal reverse flows of 
effluents from sewage to domestic installations and also harm the functioning of 
sewage treatment in compact plants based on biological processes.  
 
The occurrence of a sea level rise in 2001, which seriously harmed the Bronx 
sewage treatment plant in New York City, serves as a reference for the Volschan Jr 
(ibid) concerns regarding the location of the sewage treatment plants, which, in 
general, are near water bodies. Floods caused by higher tides may physically affect 
these plants. In the case of Rio de Janeiro, 5 sewage treatment plants are included 
(Alegria, Penha, Ilha do Governador, Paquetá, and Pavuna-Meriti) located close to 
the sea; according to the hypotheses of higher tides adopted in this study, the 
Pavuna ETE is located right in one of the areas that would be flooded.  
 
Finally, under the hypothesis of a higher tide level, it would also be interesting to 
evaluate its influence on the functioning of the submarine sewage outlets in 
Ipanema and Barra da Tijuca. The last aspect evaluated by Volschan Jr. (ibid) – the 
temperature rise -  has, as its principal consequence, an increase in the demand for 
water from the public supply systems, taking into account, moreover, losses from 
reservoirs via evaporation.  
 
Turning to the urban drainage system, the first aspect to be highlighted is that, in 
the RJMA, the urban development takes place through occupation of low areas, 
plains and banks of water courses liable to flooding. The occupation of lowlands 
and floodplains occurs without solving the problem of drainage, increasing the 
number of inhabitants affected by inundation. 
 
Riverbanks are public areas that, by law, must be preserved. Their irregular 
occupation occurs due to the absence of adequate programs of housing for the low-
income population, who, excluded from the formal housing market, end up 
occupying these areas. This process, besides placing this population at risk, hinders 
actions of cleaning, dredging and maintenance of drainage channels.  
 



The occupation of hill/mountain slopes and their deforestation on a large scale is 
another problem pointed out by Azevedo (2007). This problem leads to an increase 
in the rainwater run-off speed from these slopes and consequent accumulation of 
water in lower areas of the city. “The construction of rainwater drainage networks, 
a solution largely and erroneously adopted as the solution to the drainage problems, 
also contributes to the aggravation of floods by transferring river spates in high 
areas to lower ones” (Azevedo, pp189). The accumulation of solid waste in the 
water bodies, an everyday situation in urban areas, also contributes to the silting up 
of rivers, thereby worsening the high river levels experienced in the rainy season.  
 
The RJMA drainage system presents problems, as much in its conception as in the 
maintenance of its infrastructure, therefore rendering it extremely vulnerable in 
scenarios of increased rainfall due to climate change. On the other hand, as 
Azevedo (2007) points out, a higher sea level would generate other restrictions on 
flow and reduce the already lessened efficiency of this system. In a situation of 
urban floods that is already serious, the effects generated could severely increase 
the size of the area flooded and amount of time floodwaters remain in the city, 
entailing the various specific problems already mentioned in the analyses above.  
 
The slow and difficult construction of a water governance process 
 
As seen in the previous topic, the metropolitan area of Rio de Janeiro presents 
environmental and institutional characteristics that configure a situation of intense 
vulnerability to the possible consequences of climatic variability and change for 
metropolitan water resources. The combat of the problems arising from the increase 
and/or scarcity of rain and a rise in tide levels, plus the correction of this situation 
of vulnerability, depends on a set of policies and actions that would contribute at 
the same time to improvement and preservation of the quality of the water 
resources, by their rational use, expansion of access to sanitation services, and 
control over the use and occupation of the land in the metropolitan territory.  
 
In other metropolises, these policies and actions comprise a project called 
“integrated water management”, which involves different sectors: water supply and 
protection of water sources, sewage collection and treatment, urban drainage and 
flood control and, furthermore, the collection and final disposal of solid waste. In 
integrated water management, the institutional processes qualified by the term, 
urban water governance are of particular importance. It involves political, social, 
administrative and technical mechanisms that must be put into practice for the 



integrated management of the water resources and sanitation services, aiming at 
sustainable use of water and maximization of social welfare. The building of good 
water governance arises as the necessary path in order to reduce vulnerabilities and 
mitigate the harmful effects of climate change on the environment and the quality 
of life of the metropolitan population.  
 
Creation of this governance depends on overcoming institutional fragmentation and 
the tendency towards sectorization of policies and actions, as well as the 
inefficiency that still marks water management in the metropolis of Rio de Janeiro. 
We have identified some key actors in the process of establishing good water 
governance in the metropolitan territory: the state government, the municipal 
governments, CEDAE, and the organs of the State Water Resources System (State 
Water Resources Board - CERHI; and, above all, the River Basin Committees – 
CBHs, and their future water agencies).  
  
The River Basin Committees constitute the basis of the Water Resources 
Management System. In these forums, formed of representatives of the public 
authorities and different categories of water users and civil society, debates are 
promoted about the issues related to water management. Among its principal 
competencies, the most outstanding are: arbitration of conflicts over water 
resources, approval of the water resource plan for the  basin, and accompaniment of 
its execution, establishment of the mechanisms for charging for the use of water 
resources and the setting of tariffs, definition of the investments to be made with 
the revenue collected. 
 
In the RJMA, this system is still being formed, despite the fact the state avails itself 
of specific legislation based on the Waters Law 1999. The metropolitan area 
encompasses the scope of the two river basin committees, only one them - the 
Guandu Basin Committee, created in March 2002— being in an advanced phase of 
organization. This committee presents an organized structure, whose assemblies are 
constituted of 12 representatives of the users, 9 from civil society, 4 from the 
municipal governments, 4 from the state government, and 1 from the federal 
government. As strong points, it displays good structuring and internal 
participation. The Basin Plan (the Strategic Plan for Water Resources in the 
Hydrographic Basin of the Rivers Guandu, Guarda and Guandu Mirim [PERH 
Guandu]) was devised in 2005, based on a broad process of discussion through the 
holding of four public consultations.  
 



One of the positive aspects of the Guandu Committee is the participation and 
engagement of social actors, not only from civil society, but also from the 
municipal governments in the basin, the maturing of their operation, supported by 
dialogue and negotiation among the segments that constitute it, as well as the 
partnership between the State Government and the various Municipal 
Governments. After a process of internal organization, with strengthening of the 
participation of the various segments, and with the devising of its Strategic Plan for 
Water Resources, the Guandu Committee entered a new phase of development at 
the end of 2007, whereupon implementation of the actions scheduled in the basin 
plan commenced, along with the execution of projects, and promotion of awareness 
campaigns and dissemination of its activities. Since January 2004, charging has 
been instituted in the basin, collecting an annual revenue of R$ 900 thousand; with 
the adhesion of CEDAE scheduled for this year, this annual amount will reach 
around R$ 18.5 million.   
 
The other metropolitan basin committee, that of the Guanabara Bay Hydrographic 
Region and the Maricá and Jacarepaguá Lagoon System, was created in September 
2005. This hydrographic region covers almost all the metropolitan municipalities, 
including the total or partial area of 17 municipalities. The Basin has a Water 
Resources Master Plan, but it did not count on the participation of the Committee in 
its formulation, as this still had not been constituted at that time. The Committee 
assembly is now formed of 60 members, divided equally among representatives of 
organizations from civil society, water users and public authorities (17 from the 
municipalities, 2 from the State Government and 1 from the Federal Government). 
Unlike the Guandu Committee, its organization has been confused, and the 
participation of the municipalities has been weak. One of the problems pointed out 
is the lack of effective support from SERLA and CERH, which has hindered its 
structuring; nevertheless, committees in the same situation have succeeded in 
achieving significant results, such as the Guandu Committee and the Lagos São 
João Committee. The Basin also possesses the means for charging for water use: 
the annual revenue of R$ 650 thousand in 2008 is expected to reach around R$ 2.3 
million in 2009. On the other hand, the fact of involving territories with extremely 
diversified socio-economic realities, demands and interests, such as the Rodrigo de 
Freitas Lagoon region, an elite area of the Rio de Janeiro municipality, and 
extremely needy areas of the Baixada Fluminense, makes the task of decision-
making difficult. In short, the Guanabara Bay Committee still has not managed to 
achieve regional significance. 
 



Thus, there are two committees with different capacities for action and structuring, 
it being noteworthy that the majority of the RJMA territory is within the sphere of 
activity covered by the Guanabara Bay Committee, which is still fragile and poorly 
organized.  
 
The other key factor is that CEDAE, the state company that manages water supply 
and sewage systems, still has not incorporated in its action the logic of an 
integrated, sustainable water management approach. Until today, there is no 
structured program for control over water loss from the supply systems. The lack of 
maintenance of the network is another problem; it leads to enormous leakages, 
involving wastage and insufficient supply at certain points.  
 
This company still directs its action towards promoting ease of use and abundance. 
The actions aimed at expanding production capacity of the two macro systems, 
Guandu and Imunana-Laranjal, are not accompanied by measures to avoid losses 
throughout the water distribution systems. CEDAE has favored the construction of 
large scale infrastructure, such as pipelines and complex centralized sewage 
treatment stations, and suffers from a restricted number of approaches and 
mechanisms for finance. This management logic engenders not only finance, but 
also important, and often unforeseen, costs in social and environmental terms. The 
company still has not adopted a demand management logic which could increase 
the productivity of the existing systems, through technological enhancement, 
deeper knowledge concerning forms of water utilization, implementation of an 
improved tariff system, and incorporation of user participation in the management 
of the services.  
 
On the other hand, no program exists to promote rational water use by companies 
and households. From the sustainable management perspective, action to increase 
and spread awareness must occur constantly, not only in drought periods. Wastage 
in the present may have disastrous repercussions in a future scenario of lower 
rainfall and prolonged droughts and consequent water volume reduction from water 
sources, notably Guandu, which, as mentioned, supplies most of the metropolitan 
area. 
 
Action aimed at improving sewage systems have also failed to achieve 
effectiveness targets, which is revealed in the situation of the metropolitan water 
resources. Rivers and lagoons are highly polluted, which nullifies the viability of 
using their water for human consumption, and even for certain leisure activities. 



There are still large areas without adequate solutions for sewage collection, and 
sewage treatment plants operating with surplus capacity due to a lack of collection 
networks and linking of systems.  
 
In addition to this problem, there is the fact that CEDAE, even as the major user of 
water in the metropolitan area and mainly responsible for pollution of the water 
resources, has shown little willingness to respect the directives established by the 
State Water Resources System, an institutional structure organized to guarantee 
sustainable use and preservation of the water resources. CEDAE’s contradictory 
action is revealed in the Guandu River pollution problem. The two artificial lakes, 
situated upstream of the water catchment point, have reduced water quality due to 
pollution coming mainly from the Poços/Queimados and Cabuçu/Ipiranga Rivers, 
which receive raw sewage and industrial effluents from the Queimados Industrial 
Pole. The pollution next to the water intake of the Guandu Water Treatment Station 
(ETA) increases treatment costs, leads to operational difficulties for the ETA and 
adversely affects the quality of the water distributed to the population. The basic 
sanitation conditions in the basin, mainly in relation to domestic sewage, are 
extremely precarious. Currently, less than 10% of the urban population in the basin 
is served by sewage, and under 1% of the sewage undergoes some type of 
treatment, the rest entering, raw, into the water bodies. The implementation and/or 
expansion of the sewage network and the sewage treatment systems, under 
CEDAE’s responsibility, is the indispensible condition to reverse the tendency 
towards aggravation of the degradation of water bodies in the basin. There is, 
therefore, a paradox, CEDAE has been continuously increasing investments to 
make it viable to improve the water quality via the Guandu Water Treatment Plant, 
but there is no specific program to improve the sewage collection and treatment 
systems for the municipalities of Seropédica, Paracambi, Queimados and Japeri, 
located in the Guandu River Basin territory. CEDAE participates in the Guandu 
River Basin Committee, but, until very recently, it did not carry out its own 
decisions. In fact, the main user of the basin – CEDAE – responsible for almost 
97% of the total revenue from charging for water use – until 2008, was not itself 
paying for using this water. 
 
The metropolitan municipalities are also poorly equipped to set up an integrated 
and sustainable management model for water. Having passed on the administration 
of the water supply and sewage services to CEDAE, they interfere little in the 
planning and management of these systems. On the other hand, with respect to the 
planning and control of land use and drainage, little concern can be verified for 



integrated and sustainable management of the water. There is little or no control 
over the occupation of the protection margins along riverbanks. The participation 
of the metropolitan municipalities in the Basin Committees, the forums for the 
planning and management of water resources, is still weak. The absence of a 
permanent, technically qualified body in the municipal administration (except those 
of Rio de Janeiro and Niterói) hinders construction of a more effective policy for 
drainage and flood control. Of the 16 metropolitan municipalities, only two (Rio de 
Janeiro and Niterói) possess initiatives aimed at devising municipal master plans 
for drainage and effective flood prevention action. 
 
Finally, it is important to stress some current initiatives on the part of the Rio de 
Janeiro State Government, from which are expected more positive results than 
those of previous state programs, for example, the Guanabara Bay Depollution 
Program. In 2008, the Secretary for the Environment began the Sanitation Pact, an 
ambitious program for the treatment of sewage and waste in Rio de Janeiro State. It 
entails technical, institutional and financial engineering – involving different 
government levels (municipal, state and federal), companies concerned with water, 
sewage and waste - which, in 10 years, intends to treat 80% of the State’s sewage 
and eliminate all the irregular, inadequate waste disposal in garbage dumps. 
Another important initiative concerns the Iguaçu Project, whose main objective is 
the prevention and mitigation of floods in one area of the RJMA (covered by the 
basins of the Rivers Iguaçu, Botas and Sarapuí), with finance from the State 
Government and, above all, from the federal program, the Accelerated Growth Plan 
- PAC. The Iguaçu Project, based on an integrated management logic for water in 
urban areas, combines structural measures (containment dykes, dredging, etc.), and, 
above all, integrated action regarding land use and occupation (relocation of 
families from areas susceptible to flooding, reforestation of riverbanks, creation of 
parks in floodable areas, etc.).  
 
 
 
Conclusions 
 
This work shows that the Rio de Janeiro Metropolitan Area presents a series of 
social, environmental and institutional characteristics that render it particularly 
vulnerable to the impacts of climate variability and change. Furthermore, in the 
RJMA, there is a significant number of vulnerable poor people, living in precarious 
settlements, such as shantytowns and in other irregular occupations of hillsides, 



valley bottoms or coastal lowlands. In these settlements, the problems associated 
with poverty and inequality are added to the precarious nature of the sewage and 
drainage systems, and irregularity in the water supply, making these areas 
particularly vulnerable to changes in the temperature and precipitation patterns 
arising from climate change. As well as this social vulnerability, there is also 
environmental vulnerability, caused by the process of  expansion of the metropolis, 
which carries with it negative implications for urban waters, such as contamination, 
unsustainable use, and silting-up of rivers, problems that also tend to be 
exacerbated in an ambit of significant alterations in the rainfall pattern. Thus, the 
public actors involved in the water management of the RJMAJ face an enormous 
challenge: to overcome the present vulnerabilities and prevent and/or adapt to 
future vulnerabilities. 
 
It is verified that mobilization of the RJMA civil society in relation to the theme, 
“climate change” is still weak. On the part of the entities that represent the poorest 
people, other more pre-eminent questions, such as access to basic services in 
general and housing, make the theme appear less important on the agendas of such 
social movements. On the other hand, the fact the majority of the victims of the 
extreme  hydrological events, such as floods, lie in the low-income bracket, also 
makes other civil society entities, representing the interests of the medium and 
high-income groups, not wish to mobilize in order to alter the urbanistic pattern and 
attempt to prevent the possible consequences of further incidents. 
 
In this context, the role of the public actors is central. However, the policies and 
actions that have been under development by them – state and municipalities, the 
state water and sewage company - CEDAE, basin committees are still too incipient 
to reduce or control situations of vulnerability concerning urban waters, as much 
with reference to the question of urban supply as that of flooding.  
 
As Volschan (2007) points out, there exist doubts about the incorporation of the 
scenarios of climate change into the planning and engineering projects for future 
water supply and sewage systems; there are conflicting opinions in relation to 
interventions to deal with climate change, due to uncertainties regarding the real 
prognosis of such change. However, we consider that the adoption of practices 
aimed at integrated water management and sustainability of the present systems, in 
particular the promotion of access for the whole population to sanitation services, 
are already of great importance in the sense of safeguarding the RJMA from the 
potentially negative consequences incurred by climate variability and change. 
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