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1.  INTRODUCTION1  
 

As the structure of this book illustrates, the IRI-Funceme Ceará Project was designed to be an 
integrated and holistic research project. Three groups have been working simultaneously on 
different but interconnected activities: the development of climate models, hydrological 
modeling of the state water system and the development of innovative water management tools, 
and socio-economic assessment and study of affected populations. The second and third research 
tasks have focused specifically on two interconnected basins in the state of Ceará: the Jaguaribe 
Valley and its major rivers, and the Metropolitan basin that includes a group of smaller reservoirs 
and rivers surrounding the Fortaleza metropolitan area (see map). The water system of the two 

                                                 
1 A previous version of this paper was presented at the 3rd Annual Meeting of the International Science and 
Technical Advisory Committee of the International Research Institute for Climate Prediction, on May 22, 2003, 
Palisades, New York. Part of this research was funded by the Brazilian Ministry of Science and Technology 
(CNPq). We are grateful for the help of many persons, but particularly Francisco de Assis de Souza Filho, João 
Lúcio Farias de Oliveira, Paulo Miranda Pereira, Vânia Maria Simões Rodrigues Teixeira, the whole team at the 
former Organization of Users Department at COGERH, as well as the staff of FUNCEME and SRH. Tim Finam 
(University of Arizona), Maria Carmem Lemos (University of Michigan) and Mary Kenny (Eastern Connecticut 
State University) were important advisors during this research. We would like to thank the Research Institute for the 
Study of Man, especially Lambros Comitas, for support of the graduate students Fernando Briones, Zulma Amador, 
Ana Laura Taddei, and Elisângela Oliveira. We also thank Rebecca Greenberg for having revised the text. However, 
the authors take sole responsibility for the views expressed in this paper.  
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areas were connected in 1993 by a canal called Canal do Trabalhador2, and a larger canal is 
currently being constructed connecting the Castanhão Reservoir, in the heart of the Jaguaribe 
River, to the Metropolitan area. This chapter presents and discusses the results of the team that is 
focused on the socioeconomic issues, studying potential implications of the climate and 
hydrological modeling efforts. We report on progress to date, briefly discuss future research 
directions, and discuss the relationship between technological advances in climate and 
streamflow forecasting and the social and institutional context of Ceará. 

We focused on two societal aspects related to water resource management: first, the socio-
political universe that frames water allocation in the research area; and second, the actual 
patterns of water use by different groups in the region, and how water availability (or scarcity) 
and use affect main socio-economic structures and processes. Our longer term goal is to identify 
the factors that influence stakeholders to behave in specific ways under different contexts, both 
politically (by participating in water allocation and in water disputes) and economically. Albeit 
ambitious, such a goal, if accomplished, would provide valuable information to be used as tools 
for the broader research team in trying to predict how the proposed technical innovations in the 
climate and hydrological areas would impact local political and economic sectors. We later 
realized that this information would also be valuable to local policy makers involved in the effort 
to promote a transformation in water use patterns in order to increase efficiency and equity in 
this semi-arid state.  

Our work to date includes a characterization of the users and institutional systems and the 
political process involved in water allocation and dispute resolution. Further empirical detail on 
the various user groups is still needed, and that is a primary goal of our future research agenda.  

 

 

2.  BACKGROUND 
 

2.1 Drought and Historical Development in Ceará 

The state of Ceará, situated in a semi-arid region, is one of nine states in Brazil’s Northeast, a 
relatively highly populated3 region and one of the country’s least developed. It has over 7.4 
million inhabitants4, with 39% residing in the capital city of Fortaleza. Of the rural population 
that makes up 48% of the entire state’s population, 79% are employed in agricultural activities 
and 76% are considered poor by local standards5. While state GDP has had substantial growth in 
the last fifteen years, the productivity of agriculture has been relatively low. The percentage of 
agriculture in the state GDP has dropped from 30% in the 1950s to approximately 7%. The 
Fortaleza metropolitan area, where most of the industry and service jobs are located, is 
responsible for 85% of the GDP, although the urban poverty fraction is still estimated to be 58%.  
In 1999, the rural illiteracy rate was 44% while the urban rate was 20.4%6. Small holdings of less 
than 10 hectares represent 70% of all holdings but only 5.4% of total area.  

                                                 
2 Translated as Workers’ Canal. 
3 The Brazilian Northeast semi-arid is considered to be the most populated semi-arid region in the world – the state 
of Ceará has a demographic density of around 50.3 inhabitants per square kilometer (Iplance 2002b), more than 
twice the average demographic density of Brazil. 
4 Iplance 2002b. In 1970, the population of the state was 4.35 mi, and in 1980 it was 5.3 mi (Carvalho 1988).  
5 Living on less than US$1/day/person. The average monthly income per capita of the rural population of the state 
accounted R$ 75.40 in 1999, less than half of the national minimum wage (Iplance 2002b: 136). 
6 Governo do Estado do Ceará, 2000b. 
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Low productivity in agriculture is often attributed to “periodic severe droughts, poor soils, 
skewed land distribution, low levels of education, high levels of poverty and underemployment, 
and limited physical and social infrastructure”7. Beyond agricultural poverty, recurring multi-
year droughts have been identified as critical factors in Ceará’s current low state of 
development8. Even more broadly, it is claimed that droughts have shaped the ecological and 
sociopolitical landscape since the first inhabitants settled the region. Climatic variability has 
been linked to cyclical migrations by native populations prior to the arrival of Europeans9, to 
religious practices, including the importance of rain gods in local cosmologies 10 , and to 
economic and demographic instability during the 17th and 18th centuries11 . Further, these 
periods of extreme vulnerability are thought to play a central role in longstanding paternalistic 
relations of the State with its poorer inhabitants12 and in the cozy ties among elites in public 
office who at times have capitalized on federal drought assistance13. These two phenomena have 
come to be known as “the drought industry.”14 

 

Longstanding Hazards and State & National Adaptations 

As mentioned above, there is evidence of an awareness of the cyclical nature of drought in the 
region prior to colonial conquest. The drought of 1777 is the first for which there is a detailed 
history of the widespread economic impact in Ceará. The drought is said to have caused the loss 
of almost all of the State’s cattle, ending a short economic boom in which Ceará had become the 
most important beef producer within this Portuguese colony. A century later, the severe drought 
that hit the state of Ceará between 1877 and 1879 is alleged to have killed over 500 thousand 
people15. The city of Fortaleza, which at that time had roughly 25 thousand inhabitants, was 
invaded by more than 110 thousand people who fled the ruined fields of the hinterland in search 
of help in the capital. Of course, Fortaleza was not prepared to receive such a massive influx of 
people16. 

The scale of the Great Drought of 1877 is said to have transformed drought from a private (i.e. 
external to the list of issues that had the attention of imperial politicians and administrators) to a 

                                                 
7 Costa et al., 1997: 138. 
8 See Girão 1986, Prado Júnior 1989, Parente 2000, 2002, Neves 2002, Magalhães 2002. 
9 See Montenegro 2001, Neves 2002. 
10 Couper-Johnston in Magalhães, 2002. 
11 See Montenegro 2001, Parente 2000, Greenfield 2001, Girão 1986. There are records of grandchildren of very 
wealthy 18th century oligarchs participating in the invasion of towns and Fortaleza by the hungry and desperate 
population escaping the effects of droughts in the hinterland during the late 19th and early 20th centuries (Girão 
1986). 
12 See Cunniff 1975, Coelho 1985, Medeiros Filho ans Souza 1988, Kenny 2002. 
13 See Faoro 1984, Parente 2000. 
14 Actually, a broad and fuzzy range of practices have been referred to as “drought industry”: illegal use of public 
money by local politicians; use of emergence jobs created locally to do constructions on the private lands of some 
local leaders; and distribution of relief money according to party lines. However, there are also less “illegitimate” 
cases in which some sectors of the population of the poorest areas push the local mayor to quickly declare 
“emergency state” in order to pressure on the State government for relief money - in some of these areas, the 
average standard of living is so low that the inflow of relief money makes a sensible impact in the local economy. 
One of the strategies used by the state to defend itself from the financial chaos that this last situation can create is the 
“political insulation” of the agencies responsible for relief - the civil defense defined, in the early 1990s, a new set of 
rules to guide relief actions not linked to the political logics of the hinterland, and a “political firewall” was created 
in the top levels of the government to support the agency (see Lemos, 2003). 
15 See Carvalho 1988, Neves 2000, Greenfield 1986, 1992, 2001, Davis 2001. Carvalho contests this number, 
proposing 150,000 as more realistic (Carvalho, 1988). There is evidence that in the height of the crisis, Fortaleza 
faced one thousand daily deaths due to starvation and illnesses (Neves 2000, 2002). 
16 See Neves 2000. 
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public matter. The imperial (later federal17) government decided to invest its best technicians in 
the fight against drought, using science and technology as the main weapons. A focus was on the 
construction of massive reservoirs, begun under Emperor Pedro II in 188618 and continued by the 
federal Inspetoria de Obras Contra a Seca (IOCS or Inspectorate of Works Against Drought) 
created in 1909. IOCS was located in Fortaleza, not in the administrative center of the country, 
Rio de Janeiro, because Ceará was so strongly impacted by droughts. The organization resulted 
from the union of smaller commissions to study the geomorphology of the semi-arid and to 
suggest infrastructural options for water accumulation. This became known as the “hydraulic 
approach”19, the idea that suffering from droughts could be mitigated through the construction of 
reservoirs. IOCS later became the Departamento Nacional de Obras Contras as Secas (DNOCS 
or National Department for Works Against Drought), whose responsibilities are to research 
infrastructure, construction, and operations of the reservoirs. The political history of DNOCS is 
meshed with the political history of Ceará. In particular, its past actions have been linked to the 
clientalism and patrimonialism20 that have characterized the political life of the state, both in the 
capital and in the hinterlands. Thus historically, local political elites had some control over the 
activities of DNOCS that resulted in infrastructural changes benefiting these elite groups.    

 

Recent State & National Changes and Associated Drought & Water Mandates 

In 1986, an important political transformation occurred in the state. For the first time, the rural 
oligarchy lost state elections to a new group of young industrialists, congregated around the CIC, 
or Industrial Center of Ceará. Development-oriented ideas gained power, and incentives were 
created to bring economic progress to the state. In 1987, as part of this change, the state 
Secretariat for Water Resources (SRH) was created, with departments including Fundação 
Cearense de Meteorologia e Recursos Hídricos (FUNCEME or Foundation for Meteorology and 
Water Resources in Ceará), the state meteorological agency, and Companhia de Gestão de 
Recursos Hídricos do Ceará (COGERH or Company for Management of Water Resources in 
Ceará), the state water agency, in part to help compensate for a financially weakened DNOCS. 

In 1992, state law 11.996 was passed, creating a state system for the management of water 
resources. The law called for a specific institutional configuration for water planning and 
management and for a transformation of the system to become integrated, decentralized, and 
participative21. As part of the creation of a new water planning and management system, the law 
required the licensing and charging for water use, and permits for infrastructure construction, 
radical innovations in a state where water had always been used freely by the population without 
official constraints.  For the same reason, these novelties quickly became sources of conflict 
between water users and the state government. As part of its participation focus, at least a formal 
partial decentralization of decisions regarding water management was effected. Structural 
changes that could facilitate participation included the creation of a state council for water 
resources (CONERH) with the ability to arbitrate water conflicts, although oversight remained 
with the state’s judiciary. The stated mandates one water committee for each of the eleven river 

                                                 
17 Brazil became independent from Portugal on September 7, 1822, but remained a monarchy until November 15, 
1889, when the country’s republican era began.  
18 The first water reservoir of Brazil, called Cedro, in Quixadá (Ceará), was constructed under the order of Emperor 
Pedro II, in 1886. The construction took 20 years to complete. 
19 See Souza Filho, 2001. 
20 On clientalistic relationships in the political dynamics of the Brazilian northeast, see Costa et al. 1997: 39, Kenny 
2002, Parente 2000. Regarding DNOCS role in this, see Elias 2002, Diniz 2002. The term patrimonialism refers to 
the treatment of matters of public office as part of the private universe of elite groups (Parente 2000, 2002).  
21 See Garjulli 2001: 108. 
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basins (or sub-basins in the case of the Jaguaribe, due to its length), each with the power to 
decide upon the allocation of water inside of their basin, but each still under the power of the 
state council. 

The first experience with participatory water allocation occurred in 1994, just as the state was 
about to experience a water supply crisis due to low rates of precipitation since the drought of 
1992. A popular commission was created in the Jaguaribe valley to decide how to allocate water 
in order to reduce political conflicts due to any impending water shortage. In 1995, the first 
formal basin committee was created as a pilot in the small basin of Curú. As of this writing, 
seven of the eleven river basins have water committee meetings to decide on water allocation. 
Usually, the committees allocate water from the largest and most important reservoirs of the 
basin, a potentially hotly contested issue. Diverse stakeholders from a watershed meet each 
January and June and are presented with hydrological streamflow predictions for the upcoming 
six months. In small reservoirs, local commissions were also created composed of: 30% of 
members from local users groups; 30% from civil society groups; 20% from municipal 
government; and 20% from state and federal governments. As discussed below, understanding 
how such water-committee meetings function is crucial in understanding how potential 
improvements in future water supply predictions may be used. 

Water management in Brazil also includes national actors. ANA, the national water agency, was 
created in 200022 to implement an integrated national policy by working with state governments 
to modernize water management through managing transboundary watersheds23.  

Given the strategic importance of water and the diversity of actors and interests, water allocation 
is usually a very conflictive activity. In Ceará, the water resources secretariat reviews within-
state activities while the state water agency, COGERH24, oversees the debate over specific 
reservoir decisions within the water-allocation committees. Relevant to the discussion of 
conflicting interests within current allocation, it is worth noting that historically, the politics 
surrounding who benefits from the technical response of reservoir construction were always 
marked by conflict: the Fortaleza metropolitan area vs. the hinterland; industry vs. agriculture; 
public small irrigation (including subsistence) vs. private large irrigation; communities around 
reservoirs vs. communities along the river. Such issues appear endemic. 

 

2.2 Old and New Technical Responses to Drought 

Given the central role of climate in diverse aspects of life in this semi-arid region, it is not very 
surprising that efforts to combat drought have included intense scientific endeavors, including 
large-scale engineering achievements. As noted, the construction of reservoirs has been a focus 
of state intervention, and the development of Fortaleza’s industrial and service sectors depends 
on the provision of water from reservoirs around the state, with the Jaguaribe River basin being 
most important water source. Since there were no perennial rivers in the state, official and 
private investments in infrastructure occurred throughout the 20th century “to make water”, as the 
local phrase goes, that is, to accumulate large amounts of water during the rainy season (January 
to June). 

                                                 
22 By Federal Law 9984/2000. 
23 According to the Brazilian law (decreto 24643/1934), rivers which basins are located entirely inside the borders of 
one state are jurisdiction of the State, while rivers which basins cross state frontiers have federal jurisdiction. 
24 Companhia de Gestão dos Recursos Hídricos do Ceará, created by state law 12.217/1993. COGERH is actually a 
mixed-capital company. 
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In addition to past applications of cloud seeding technology, reservoir building 25 , and the 
adoption of efficiency driven water management models for the State hydro-system, one recent 
technical response has been to try to improve climate prediction26. Climate and meteorological 
research on atmospheric and oceanic influences reveal two primary factors which control 
regional precipitation: the state of the tropical Pacific (El Niño-Southern Oscillation; the region 
of the Pacific known as El Niño 3.4 has been shown to influence the climate of the Brazilian 
Northeast); and the tropical Atlantic sea surface temperatures. Extreme droughts are often 
associated with extreme El Niño events (ENSO warm phase), but not always so. Whether these 
correspond depends upon the state of the Atlantic and on other stochastic weather factors. The 
ability to predict general patterns of climate variability has improved over the past 20 years.  

One important difficulty in terms of the capability of generating climate forecasts, and also in 
providing efficient drought relief, is the high spatial and temporal variability of precipitation in 
the semi-arid. That can be seen by the existence of many different definitions of drought, for 
instance. A meteorological drought (i.e., below-average precipitation over a relatively large area) 
may yield a highly variable distribution of rain over both space and time. Thus, this drought may 
affect groups with similar water needs differently within an area, some suffering ‘typical drought 
outcomes’ with others suffering little or perhaps not at all. A different case is the so-called 
“green drought”, in which even with average precipitation that is uniform across an area, drought 
effects could occur for all groups due to timing, i.e. dry spells during critical agricultural periods. 
Spatial variability also affects streamflow: some reservoirs may receive little recharge even 
during “good” precipitation years (as was the case for the main reservoirs in the Jaguaribe Valley 
in 2003). When situations of high variability occur, spatial and temporal averages of rainfall are 
deficient indexes for the overall situation of the hinterland, and therefore technological tools 
based on statistical data have decreased in efficacy. 

 

 

3. TOWARDS A TYPOLOGY OF WATER USERS AND CHARACTERIZATION OF PATTERNS OF USE 
 

3.1 Data Sources and Methodological Considerations 

On the characterization of patterns of water use, the intention was to develop a socio-economic 
characterization of water users and a description of practical aspects of water use (e.g., various 
irrigation techniques), with two main goals: to provide inputs regarding patterns of water use to 
the team working with modeling and the development of innovative management tools, and to 
identify and describe local practices that could be impacted by changes in the water management 
schemes. Methods used included an extensive ethnography of the economic and socio-cultural 
activities of the population of the valley, over sixty interviews with key informants in the area, an 
analysis of other relevant studies and official reports, and an analysis of the database of users of 
the state’s water agency, COGERH, which contains over four thousand records with information 
on production by individuals 

There are two important challenges that became clear while the research unfolded: first, the 
current rapid development of some sectors of the state’s economy is tied to changes in several 

                                                 
25 See Finan 1998 for one review of the uses of science to combat drought in Ceará. 
26 In this article we do not address the local climate prediction efforts that are dominated by individual ‘profetas’ – 
rain prophets. Widespread attention is paid to these forecasts which are widely disseminated via the media (for 
details see the collection of articles published in the newspaper O Povo on February 1, 2003; January 12, 2004; also 
in the newspaper Diário do Nordeste on January 7 and January 13, 2003; January 12, 2004; and Finan 1998). 
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other productive activities - with water being a linking factor among these sectors. Economic 
development has been impacting patterns of water demand in an unprecedented way, at least 
since the end of the 1980s. This means that most available data about socio-economic patterns in 
the Jaguaribe Valley are outdated. Second, the network of the state bureaucratic control – the 
usual source of demographic and economic data in Brazil - is still under construction in Ceará, 
and in many parts of the hinterland it is still poorly developed. In Ceará, an information and 
planning agency, Instituto de Pesquisa e Estratégia Econômica do Ceará (IPECE or Institute for 
Economic Research and Strategy of Ceará), does gather demographic and economic data, but no 
data on water use is available through their database. The national statistics agency, IBGE, also 
makes available an important and useful body of demographic data, but does not include 
anything related to water use. The state water agency, COGERH, is the sole generator of data 
regarding water use in the state, as it is the owner or operator (in partnership with DNOCS) of 
the measurement apparatus that monitors river and reservoir flows and levels. There is a current 
effort in Brazil by water agencies like COGERH and by academic researchers to produce data 
about patterns of water use, with results still not published. Thus, in order to gain a more detailed 
characterization of the patterns of water use in association with economic activities within the 
area of study, in such a way that variables could be tested and correlations established, we would 
have to design and administer our own survey. This will be a next step in the project. 

Some characterization of water use linked to economic activities is possible, however.  Through 
the direct observation of local activities and analysis of available sources, we propose a rough 
typology of users. This typology is strongly based on the nature of the available data, most 
importantly the COGERH database, which for the case of irrigation was structured around the 
variables of location, condition of the irrigator (regarding land tenure), irrigation method, crop, 
and cultivated area. Besides irrigation, municipal consumption (which could be divided into 
consumption of the Metropolitan area of Fortaleza and all the other small towns in the valley), 
aquaculture (primarily shrimp), and industrial use are the main sectors composing the water use 
panorama in our study regions.  

Irrigation is the challenge COGERH faces in monitoring and compiling statistics; while 
municipal and industrial use is characterized by a small number of collection points with high 
volumes for each use (easier to measure and monitor), irrigation means thousands of highly 
spatially distributed areas with smaller volumes. Reaching these users per se proved to be a 
Herculean task. It was defined that no control was needed - and therefore no data generated - for 
users of two thousand liters or less of bulk water per hour. Thus, these users are not specified in 
the COGERH database; their water consumption is estimated and included in the category of 
“losses in transit”, i.e. water that disappeared along the stream flow but that was not used in 
productive activities (e.g. due to evaporation and infiltration).  

Since COGERH’s database was designed to aid in the management of water volumes, different 
crop areas within an irrigator’s land generated different records in the database (because different 
crops require different irrigation patterns). That means that patterns of land distribution and 
tenure cannot be isolated through an analysis of the database (for this we relied on field 
observations and interviews). The database does allow for the correlation between location, 
situation of irrigator, size of cultivated area, and irrigation method. In the Jaguaribe Valley and 
Metropolitan basins, most of the water demand is concentrated in the city of Fortaleza, a few 
industrial areas around it, and three irrigation projects in the hinterland (Icó-Lima Campos 
around the city of Icó, Alto Jaguaribe sub-basin; Morada Nova in the city of same name, 
Banabuiú sub-basin; and the Jaguaribe-Apodi project, locally known as DIJA, in Limoeiro do 
Norte, Baixo Jaguaribe sub-basin). Fortunately COGERH has precise data for all of these.  
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Below we summarize the results of the analysis by Jaguaribe Valley sub-basin with a focus on 
agriculture27 . It is important to note that COGERH was redesigning the structure of the database 
and updating fields while our analysis occurred; for that reason, results are interpreted for their 
qualitative elements and for comparison with field observations. Thus, the database provides 
information on the main characteristics of water users in the hinterland, even if the quantities are 
not precise.  

 

3.2 Alto Jaguaribe 

Rice is the most important crop cultivated in the Alto Jaguaribe sub-basin. There are two types of 
rice producers differentiated by the government: farmers who either own their lands or are 
tenants, and farmers who received lots through the local irrigation project (the Icó-Lima Campos 
project)28. Table 1.1 (see appendix) summarizes our sample group. We can see from table 1.1 
that both producers from the Icó-Lima Campos irrigation project and farmers working on private 
lands have small cultivated areas (4 to 15 ha); however, taking the combination of crop and 
irrigation system found in the two groups (rice/uncontrolled flooding and beans/furrows), on 
average farmers on private lands occupy twice the area of producers in the projects. There is no 
difference in irrigation systems and organization of production: both use the least sophisticated 
(and easy to handle) irrigation systems – uncontrolled flooding and furrows - for which there is 
little investment beyond pipes and small diesel motor (and lately electric) pumps. Production is 
organized around family ties, with daily workers hired during the harvesting season. These 
workers come from the rain fed areas that surround the irrigation areas. According to COGERH 
estimates, the amount water consumed by 1 ha of rice irrigated with uncontrolled flooding is 
between 13 and 15 thousand cubic meters per cycle in clay-rich soil, and 34 thousand cubic 
meters per cycle in sandy soil29; 1 ha of beans cultivated with furrows uses 5,000 cubic meters of 
water. The total irrigated area of the Icó-Lima Campos project is 2,800 ha, while the estimated 
total cultivated area of the Alto Jaguaribe sub-basin is 8,400 ha. 

Public Irrigation Projects 

The Icó-Lima Campos irrigation project was constructed by DNOCS in 1972. Rice was selected 
as main crop due to the high levels of clay in the soil, which keep the water toward the surface, 
facilitating rice production. Since the project’s initiation, the balance between water supply and 
demand has changed: at the beginning of the project the Fortaleza metropolitan area was smaller, 
the industrial sector was less developed, and the amount of irrigated land was much smaller. The 
Lima Campos reservoir, connected to Orós, then the state’s largest reservoir, could originally 
feed the irrigation project without major constraints. The current supply-demand situation has 
thus caused state planners to change their agricultural strategies: high aggregated value activities, 
like flower production, fruit culture, and shrimp “farming” are now promoted. A strong 
movement to induce rice producers to switch to fruit production – a much less water intensive 
activity - was created, but until now has had limited success. This is in part due to the low 
investment capacity of rice producers (to finance new and sophisticated irrigation equipment for 
fruit production), a bad credit situation (most producers of the area are indebted to Banco do 
                                                 
27 We plan to add other sectors later in the project. 
28 According to local terminology, an irrigation project is an area in which land reform activities took place, i.e. one 
or more large properties were bought by the government, divided and redistributed to landless farmers. In general, 
these projects include irrigation and distribution infrastructure, and organizing cooperatives and associations of 
producers. In Ceará, as in the entire Brazilian Northeast, DNOCS is the main sponsor and creator of irrigation 
projects.  
29 Water consumption data available from a study by Banco do Nordeste. Although the data refer to the Baixo 
Jaguaribe valley, they can be applied to other rice production areas of the valley. See Carvalho and Cabral, 2003: 25. 
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Brasil and Banco do Nordeste), low literacy levels, and the inability to redesign the production 
organization from a family-based activity to a more bureaucratized production (fruit production 
requires more planning, specialized care, and supervision than rice). Further, the production 
cycle of fruit trees take much longer than that of grains to begin producing (and thus generating 
income), and would cause an interruption in the income flow of the producers who subsist on the 
edge of food security.30 A high degree of aversion towards risk (e.g. competition with large 
producers in the Baixo Jaguaribe area) is also an important factor.  

In the past, the state created all infrastructure for rice production and commercialization. This has 
changed, with the current role of the state being less paternalistic and less interventionist than 
during the 1970s and 1980s; producers now organize their own infrastructure. This is 
contributing to the shift from family-based irrigated agriculture, created by the land reform 
projects of the 1970s, toward agribusiness. Since there were no changes in land ownership 
regulations – the state owns the land of the irrigation projects - land concentration by larger 
businesses is taking place inside the irrigation projects, which were originally designed to be 
social projects for poor local families. Droughts play an important part in this process. Farmers 
who become indebted for some reason (be it a production loss due to water rationing during 
droughts, sudden market price variations, or poor planning) sell their lands to agribusiness 
investors for just a fraction of its real value (which could not be negotiated legally, as the law is 
not applied, and informal contracts abound).  

In the Icó-Lima Campos irrigation project, while some degree of land concentration clearly 
occurred in the last decade, the water scarcity of the past five years generated a situation of 
abandonment rather than market competition. Due to the average low precipitations of the 1990s, 
both the Orós and the Lima Campos reservoir water levels declined to less than 20% of their 
capacities, and for over four years great areas of the irrigation project received no water at all. In 
those areas, most of the canals dried to the point of uselessness. For this reason, it is possible to 
see rain fed agriculture being conducted in soils that were previously irrigated. For the areas 
closer to the reservoir basin, a wave of well digging took place, and now most plots have a well. 
However, the reliability of these wells is not guaranteed. Since these are not deep wells, the 
availability of water varies according to the situation of the reservoir.   

Other types of producers 

We can distinguish two different kinds of producers working on lands that are not irrigation 
projects: vazanteiros and regular producers. The first type is so named because they cultivate on 
reservoir lands or river beds (vazantes, which means land uncovered when the water level goes 
down). Reservoir lands were divided by DNOCS, the constructor of most state reservoirs, and 
distributed to families living on its margins. Usually plots are 1 ha wide and go from almost 
nothing (when the reservoir is full) to sometimes several kilometers long (when the water level is 
low). When the reservoir is full, these families must wait until some water is released and the soil 
becomes uncovered. However, they oppose high rates of water release, because when the water 
is far away from the border of the reservoir, farmers have to rely on wells (their pumping 
systems are not adequate for long distances). There are around 500 ha of rice and 160 families 
working on the Lima Campos reservoir, and close to 5 thousand ha and over a thousand families 
working inside the basin of the Orós reservoir, near the town of Iguatú. Rice is cultivated with 
uncontrolled flooding, and productivity levels are similar to those in the irrigation project. 
Usually these families also have rain fed areas (land occupied or rented during the winter, with 
no established ownership), and animals (chicken, goats; better-off families may also have two or 
three cows). This diversification serves to lower their vulnerability to climate variations (i.e. 

                                                 
30 Most grains have production cycles of 90 to 120 days, while the first harvest of fruits could take over one year . 
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excessive rain that covers their lands on the reservoir, or droughts that dry out the reservoir). The 
same can be said about the families on the irrigation project. 

Regular producers tend to be small farmers or sharecroppers working small plots inside large 
land holdings. These land plots are located close to the Jaguaribe River or one of its small 
branches. The remaining lands tend to have bad soils, and are dedicated to extensive low 
productivity cattle ranching, or are inactive and covered with cacti. 

In summary, the irrigated areas of the Alto Jaguaribe can be characterized as having suffered 
from water shortage in these last four to five years, with low levels of technical sophistication 
and productivity, and high rates of water consumption. On average, the productivity of rice plots 
has been between 6 and 7 tons per hectare, sold for R$ 0.70/kg31 in December 2003; for beans 
the productivity has been between 1 and 1.2 tons per hectare. Due to the fact that beans cannot be 
stored for long periods, prices fluctuate considerably, ranging from R$ 0,25/kg during the 
harvesting season to R$ 1/kg in periods in between. In 2003, most beans produced in the area 
were directed to the subsistence of the farmer’s family. 

 

3.3 Médio Jaguaribe 

The Médio Jaguaribe is currently the most important “producer” of water - the Castanhão 
reservoir is located here. There are, however, no irrigation projects in the Médio Jaguaribe area: 
it is less populated than other basin areas, and the soil quality is marginal, with many “official” 
desertification spots. These factors resulted in part in the traditional prevalence of cow ranching 
and milk and cheese production over agriculture. In the last decades, the introduction of chemical 
fertilizers combined with irrigation led to the cultivation of pasture grasses for the herds. Most 
land holdings are large, but the poor quality of soils reduces irrigation to a few hectares per 
property, thus the water consumption in the area is very low. Irrigated plots are located on the 
river margins; water is pumped with simple diesel or electric pumps. Table 1.2 illustrates the 
small size of the plots, although larger than those in the Alto Jaguaribe. Rice is produced through 
the low technology approach of flooding. There are plots where beans are produced with more 
efficient sprinkler systems, especially around the towns of São João do Jaguaribe and Tabuleiro 
do Norte, near the Baixo Jaguaribe area. Some fruit culture can also be seen in these towns. 
Productivity numbers and water consumption estimates are similar to those in the Alto Jaguaribe 
Valley. The total estimated area cultivated in the Médio Jaguaribe sub-basin is 5,574 ha, 4,300 of 
which border the Baixo Jaguaribe area (the municipalities of Tabuleiro do Norte, São João do 
Jaguaribe, and Alto Santo). 

There are also a few vazanteiros in the Castanhão reservoir not yet registered by DNOCS, nor do 
they have any associations and are thus relatively invisible in the local political processes of 
participatory water allocation. There is no registered organized fishery activity in Castanhão, and 
therefore no data on this sector. In mid-2003, our interviews with fisherpersons in the Castanhão 
margins indicated that they came from other reservoirs around the state, particularly those with 
very low water levels, such as the Lima Campos reservoir in Icó. The intense rains of January 
2004 raised the water level in the Castanhão reservoir (as in other reservoirs of the state), and 
fishery activity increased visibly. Fisherperson communities appear to be highly itinerant, 
moving from one reservoir to another in search of the best fishing and market conditions. 

 

 

                                                 
31 Around US$ 0.11/lb. In late 2003, early 2004, R$ 1/kg = US$ 0.16/lb. 
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3.4 Banabuiú 

The Banabuiú is the most important branch of the Jaguaribe River (the other important one being 
the Salgado River, bringing water from the Cariri area in the south into the Castanhão reservoir). 
There are important similarities between the Banabuiú area and the Alto Jaguaribe.  

Irrigation Project 

The Morada Nova public irrigation project consumes over half of the water released by the 
reservoir in a normal year. In 1998, for instance, the project demanded 8.5 cubic meters from the 
13.5 released; in 1999, 6 from the released 9; in 2002, 4 from the released 7. Since there are no 
major industries in the valley32, besides municipal consumption (0.154 m;/s), the bulk of the 
water is used by private irrigators along the river or is lost in transit. The most important crop 
again is rice, followed by beans, pasture, and corn. Inside the project, technical sophistication is 
low (irrigation is achieved through uncontrolled flooding and furrows), lots are small (4 to 5 ha), 
and production is organized around family ties, with seasonal temporary work during harvest and 
land preparation.  

Producers working on private lands 

We can see from table 1.3 that farmers on private lands have cultivated areas that are 4 to 5 times 
larger than the lots in the irrigation project, and that there are bean fields irrigated with sprinklers 
in the private areas. As is the other areas of the valley, especially the Alto and Médio Jaguaribe 
sub-basins, the private lands are usually rented to tenants, who in reality are sharecroppers, 
which cultivate those fertile pieces of land closer to the river bed with a family-based 
organization of production. Usually the rest of the land holdings are left unproductive or are 
occupied by extensive cattle ranching. The Banabuiú area, with the Médio Jaguaribe, is referred 
to as “Ceará’s milk basin”, due to the importance of cattle ranching and milk and cheese 
production to the regional economy. Lately some producers of the Morada Nova irrigation 
project have switched from rice to pasture production; however, rice is still the most important 
crop of the region.  

Comparing public irrigation and private lands, the Morada Nova irrigation project accounts for 
2,488 ha of the total 8,100 ha cultivated in this sub-basin – the fact that the project uses over half 
of the valley’s water shows that the private areas are cultivated much less regularly and 
intensively than the project lots. In the second half of 2003, the distribution of crops in the 
project was 1,915 ha (77%) dedicated to rice, 396 ha to beans, and 101 ha to pasture. The 
productivity rates in this basin are around 7 tons per ha for flooded rice; and between 1.2 and 1.8 
tons per ha for beans cultivated with furrows. Prices were similar to those in other areas: R$ 
0.70/kg for rice, and between R$ 15 and 20 per 60 kg sac of beans during the last harvesting 
season. These numbers are very similar to those observed in the Alto Jaguaribe basin, as are the 
estimates regarding water consumption per crop per hectare done by COGERH. 
The situation of vazanteiros in the Banabuiú reservoir is similar to Castanhão: they exist but are 
not significant enough in number or organization to influence political participation. 

 

3.5 Baixo Jaguaribe 

One significant characteristic of this basin is that three of the most important municipalities of 
the hinterland are located here – Aracati, Limoeiro do Norte and Russas - and it can be said that 
the area between these three towns, together with neighboring Morada Nova, is one of the main 

                                                 
32 The only representative industry in the valley is a milk plant called Betania. Water is delivered to this plant 
through the municipal water agency of Morada Nova, ; for this reason the company is not in COGERH’s database. 
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political centers of the interior. This is also reflected in a higher level of organization of the civil 
society, exemplified by the fact that the water committee of the Baixo Jaguaribe is the most 
mature and active in the whole state of Ceará. Baixo Jaguaribe production is comprised mainly 
of a large scale irrigation project, shrimp producers, and producers cultivating small lots as 
owners or as tenants in larger holdings. 

Jaguaribe-Apodi Irrigation Project 

As seen in table 1.4, the composition of producers in this sub-basin is less homogeneous than in 
other areas. On top of the Apodi hills is the Jaguaribe-Apodi Irrigation Project (locally known as 
DIJA), the last of the three main irrigation projects of the valley to be created (there are smaller 
and less important projects like the Jaguaruana project, and a large one not yet fully in 
operation,called the Tabuleiro de Russas project). The DIJA began operation in 1989, and was 
designed to use better irrigation technology than the other projects. Initially, beans, corn, and soy 
were irrigated using center pivots. In the 1990s, some producers converted from grains and 
pivots to fruits irrigated with micro-sprinklers or low-flow drip irrigation. While the original 
grain producers had a family-based organization of production, the new fruit producers were 
organized as agribusiness companies, and transformed the DIJA project into being one of the 
main producers of bananas, papayas, citrus, and guava of Ceará. According to a study done by 
Banco do Nordeste, in 1998 the cultivated 2,607 ha were distributed in the following way: 47.6% 
corn, 44.8% beans, 5.7% bananas, 1.9% papaya33. Fruit production continues to gain space over 
grains. Recently the international giant fruit producer Del Monte installed over 600 ha of 
pineapple for export close to the DIJA area; it receives some of its water through the DIJA 
irrigation canals. 

According to the federation of producers’ associations of DIJA, the high costs of maintenance of 
pivots make them unsustainable for small lots (below 10 ha) in face of the fluctuating market 
prices for grains. There are still 10 pivots in the DIJA area and the federation is looking for ways 
to finance their substitution for the more sophisticated irrigation methods with fruit production. 
Gradually, a small number of fruit producers rented and bought land from indebted grain 
producers, and enlarged their lots from the original 6 to 15 ha to over 200 ha. Most fruit 
producers nevertheless have lots of less than 20 ha. In the rest of the basin, the situation is 
different from that seen in the DIJA lots. Interestingly, private lots in the Baixo Jaguaribe area 
are on average slightly smaller than DIJA lots, and irrigation methods are less sophisticated 
because the costs and complexity of maintenance of micro-sprinklers or low-flow drips are 
prohibitive for the basin small farmers. Rice is cultivated much more intensively in private lands, 
and uncontrolled flooding is used extensively throughout the basin. Taking advantage of the 
momentum created by the DIJA fruit economy, many producers in the Baixo Jaguaribe 
converted to fruit, at least on some of their lands, and with less sophisticated irrigation methods. 
Better precipitation averages compared to other basin areas also decrease the risk of investing in 
fruit trees for small producers. We could say that downhill from DIJA, small producers are 
organized in similar fashion to those in the other basins, but took advantage of better 
precipitation, the existence of a fruit market, and infrastructure for commercialization. The 
relatively short distance to Fortaleza (200 km), the main consumer center, further led to the 
adoption of fruit production in combination with rice, beans, pasture and corn.  

Shrimp Cultivation 

In the last few years there has been a boom in fresh water shrimp cultivation (aquaculture) in the 
area, and a few producers with rice lands transformed their lots to shrimp tanks. Russas and 
Itaiçaba are important centers of shrimp production. Recent estimates refer to around 320 ha 
                                                 
33 Carvalho and Cabral, 2003: 24. 
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dedicated to shrimp farming along the 40 kilometers that separate Russas and Itaiçaba. 
Unfortunately, the state environmental institutions were not prepared for this long predicted 
shrimp boom in Ceará, and most of the shrimp farms are not equipped with water treatment 
tanks. Nutrient loaded water from shrimp tanks is usually dumped back in the river, affecting the 
quality of the water. This is critical in semi-arid places in which the quality of the available small 
volumes of water is crucial to ecosystem health.   

The Baixo Jaguaribe sub-basin accounts for a total of 11,097 ha cultivated, 2,400 of which 
belong to DIJA, and around 1,000 belong to shrimp farming. In 2003, the participatory water 
allocation decided that the Castanhão would release 11 m;/s. Of this amount, 3 m;/s were used 
by the irrigated areas on municipalities south of Limoeiro do Norte (technically at the Médio 
Jaguaribe basin), 2 m;/s were used by DIJA, and the rest used by the other areas of the valley or 
lost in transit. At DIJA the average productivity of beans irrigated through center pivot is around 
1,800 kg per ha, while productivity with micro-sprinklers reaches 2,200 kg per ha. Banana 
producers realize between 2,200 and 3,000 kg per ha per month from their lots. The water 
consumption estimates for beans irrigated with center pivots is around 4,500 cubic meters per 
cycle. Fruit lots irrigated with micro-sprinklers use around 1,000 cubic meters per hectare per 
month in the dry season.  

 

3.6 Municipal consumption in the hinterland 

The municipal water consumption in the hinterland that uses the Jaguaribe River as a source of 
water is significantly less than that for irrigation use in terms of total volume. Seventeen 
municipalities are directly served by the three main reservoirs; the total amount of irrigated land 
of the valley is 25,073 ha. In 2003, the three main water sources released a total of 27 m;/s 
during the dry season – Orós released in average 7 m;/s, Castanhão 11 m;/s, and Banabuiú 9 
m;/s. Tables 3.1, 3.2., and 3.3 in the appendix show that the total municipal consumption from 
these reservoirs and the Jaguaribe-Banabuiú system is no more than 0.442 m;/s. The population 
directly served is 241,950 people. This is not the entire population, as some alternative water 
sources such as deep wells and desalinization exist.  

In places far from rivers, neighboring reservoir, and deep wells, the alternative for water supply 
is periodic visits of tanker trucks rented by state or municipal government, or even by 
individuals. In October 2003, a relatively wet year, 47 municipalities in the state were in an 
emergency situation due to lack of water and were in the process of requesting tanker trucks 
from the state and federal government34; at the beginning of 2004, the number of sites in critical 
situations in the entire Northeast waiting for help from the national or state civil defenses 
reached 9235. Occasionally, a local water market will develop in localities with a lack of reliable 
water sources – local entrepreneurs bring water using their donkey-wagons if the water source is 
not very far. The unit is the 'lata' (can - 20 liters), with prices ranging from R$ 0.30 to R$ 1.00 
per can. Many locals use their donkeys to bring water for their families, and a few dedicate 
themselves to selling water as a full time job. In January 2003, for example, in the area of 
Irauçuba, the market price for 60 liters of water was R$ 1,00 (around US$ 0,35)36. In January 
2004, in Crato (the south of the state), prices reached R$ 0,80 per 20 liters37. Water may also be 

                                                 
34 Diário do Nordeste, October 16, 2003. 
35 Folha de S.Paulo, January 11, 2004. 
36 Diário do Nordeste, January 22, 2003. 
37 O Povo, January 7, 2004. 
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sold by the owner of a tanker truck. Locals or municipal government rent tanker trucks for 
around R$ 50 per trip between the reservoir and attended population38.  

 
3.7 The Metropolitan Basins 

Four small, connected reservoirs – Pacajus, Pacoti, Riachão, and Gavião - serve the metropolitan 
area of Fortaleza, with an estimated population of 2.9 million (see figure 1). Fortaleza receives 
an average of 6.9 m;/s of water from the Gavião reservoir. These reservoirs are basically fed by a 
collection of small rivers that compose what is called the metropolitan basins. There is a small 
industrial district on the margins of the Pacajus reservoir, and these industries pump water 
directly from the reservoir. Another industrial district is located in Maracanaú, closer to the 
metropolitan area, drawing approximately 0.10 to 0.20 m;/s from the Gavião reservoir. The 
Maracanaú industrial pole also draws water from the Acarape do Meio reservoir. The Pecén 
industrial district is currently served by the small Sítios Novos and Cahuipe reservoirs, and 
official plans established the Pecén pole as the terminal station of the Eixão, a large canal with a 
capacity of 22 m;/s, connecting the Castanhão reservoir to the metropolitan area.  

The Jaguaribe Valley is connected to the Metropolitan Basins through the Canal do Trabalhador. 
This canal was constructed in 1993, during a serious water crisis, and has a capacity of 6 m;/s. 
The canal brings water from the Itaiçaba pumping station to the Pacajus reservoir, over more 
than 110 kilometers. The minimal difference in geographic slope makes the water run very 
slowly in this canal, which is therefore considered inefficient. Currently, the Canal do 
Trabalhador attends only to the local demand of some communities and small scale irrigation 
along its path.  

Irrigated agriculture is not common around the metropolitan area of Fortaleza. The most 
important agricultural product of the metropolitan basins is rain fed cashew, from which cashew 
nuts are produced and exported. 

 

3.8 Summary 

Notwithstanding the data gaps and methodological considerations mentioned above, we are 
relatively confident in proposing a tentative typology of water users (or those directly affected by 
water management decisions): 

1. Municipal water agencies (in every municipality of the state), divided into two types: 
Fortaleza and the metropolitan area, with a high volume consumed, and the 
municipalities in the hinterland, with small volumes consumed;  

2. Industries around the Fortaleza metropolitan area; 

3. Itinerant fishing communities in the reservoirs (Orós, Lima Campos, Banabuiú, 
Castanhão, and several other small reservoirs - not direct users of water, but highly 
affected by water management decisions);  

4. Fresh water shrimp producers in the Baixo Jaguaribe valley; 

5. Rice, beans, pasture, and corn producers in the public irrigation projects of Alto Jaguaribe 
(Icó-Lima Campos Irrigation Project) and Banabuiú (Morada Nova Irrigation Project); 

6. Rice, beans, pasture and corn producers in private lands in the Alto and Médio Jaguaribe 
and Banabuiú sub-basins, and producers with similar profiles in the Baixo Jaguaribe. 

                                                 
38 Diário do Nordeste, January 9, 2004. 



 15

Although there are subdivisions in this category, there is little the COGERH’s database 
can tell us. From our field observations, we find the following subdivisions: 

a. Large to medium (more than 20 ha) holdings with tenants using the land in 
the sharecropping system; 

b. Small holdings (less than 20 ha) being with owners working the land with 
his/her family; 

7. Rice, beans, pasture and corn producers working the riverbed and he reservoir lands 
(vazanteiros). Two subgroups exist: producers with permits to work reservoir lands, and 
producers without permits (posseiros); 

8. Rice, beans and fruit producers on private lands in the Baixo Jaguaribe sub-basin, with 
slightly more sophisticated irrigation systems and higher productivity, but with socio-
economic characteristics similar to producers in the other sub-basins (Alto Jaguaribe, 
Médio Jaguaribe and Banabuiú); 

9. Grain and fruit producers in the public irrigation projects (mainly DIJA, but also in the 
smaller Jaguaruana project) of the Baixo Jaguaribe sub-basin, organized as agribusiness 
enterprises with more sophisticated irrigation systems and higher productivity. 

 

 

4. CLIMATE, VULNERABILITY AND SOCIOECONOMIC INTERACTIONS 
 

Some additional sociological notes may help the reader understand the situation described here. 
User types are linked to each other and to other economic sectors through a myriad of socio-
economic networks. For that reason, extreme climate events tend to differentially impact groups, 
but there exists an overall economy-wide impact. Below we present some explanatory notes on 
how different groups and sectors interact. 

 
4.1 Landless Inhabitants of the Hinterlands 

The poorest and largest strata of the rural population (in terms of income) is composed of 
individuals whose economic activity is not characterized by one single type of occupation, but 
rather by what the anthropologist Lambros Comitas called occupational multiplicity39. Individual 
producers are, at different moments of the local economic calendar, rain fed agriculturalists, 
fisherpersons, daily workers, and additionally raise chicken, goats, and perhaps some cows in 
their backyard. Over a million individuals in Ceará can currently be considered in this group, 
half of them residing in the Jaguaribe Valley. Their land holdings are small, and they do not 
usually have land titles. Literacy levels are low, and children tend to not attend school in order to 
stay home and work the land (something that fortunately has become less common due to official 
efforts to send kids to school). Production is organized around the family, and the head of the 
family almost always migrates to the metropolitan areas of the south (São Paulo, Rio de Janeiro 
or Brasília) when drought situations occur. Similarly, adult sons or daughters who have 
permanently migrated send monetary resources and goods in times of need. The diversification 
of activities and the existence of a social network of support are coping strategies for times of 
scarcity, like droughts. Also very important is the existence of federal pensions to elders and the 

                                                 
39 Comitas, 1973: 157. 
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handicapped: it is extremely common to find large families in rural communities that depend 
almost entirely on a grandparent’s pension; in other cases, the financial “head” of the family is a 
mentally handicapped child, who is also entitled to a federal pension. These pensions amount to 
the national minimum monthly wage, R$ 240 (approximately US$ 80 in 2004). Usually these 
individuals’ political interests are represented by local rural workers unions. The power of these 
unions in local politics tends to be very limited.  

 

4.2 Small Scale Irrigated Agriculture 

Producers in irrigation projects or irrigating private lands on the margins of a river tend to be 
better-off than the group previously described. These producers have access to bank loans and 
their higher income allows them to invest in some equipment and to hire daily labor during 
harvests. Literacy levels are higher among this group, but still less than that in urban centers. We 
estimate that at least one third of the irrigators at the Icó-Lima Campos irrigation project may 
have serious difficulty in reading and writing. Irrigators tend to organize around associations, 
and through them participate in local political life. An estimate done in the Icó-Lima Campos 
and Morada Nova projects gives us an idea of average total income: a farmer cultivating 4 ha of 
rice and yielding 6 tons per ha will produce 24 tons. Sold at R$ 0.70/kg, his or her income will 
be R$ 16,800. Costs run at an average of R$ 2,000 per ha, which gives him a net income of R$ 
8,800 per harvest. In perfect production circumstances (i.e. water being available and rains not 
being excessive), two harvests are possible in a year. That will result in an average monthly net 
income of US$ 500 per month. The excessive rains that fell over Ceará in January 2004 
frustrated the possibility of two harvests this year. 

Vazanteiros and sharecroppers irrigating the lands of big landowners tend to be slightly better off 
than rain fed producers in general, but on average are poorer than irrigators from irrigation 
projects. .  

 

4.3 Agribusiness 

The small agribusiness investors in the Baixo Jaguaribe area, especially at DIJA, have a much 
higher standard of living; the same can be said about most shrimp producers, and some private 
producers at the Banabuiú Valley. Many are college educated, some live most of their time in 
Fortaleza, and in general they are strongly connected to local politics, occupying important roles 
in local branches of national political parties and elected political offices in their municipalities 
or in state government. The income of the most successful investors may reach over US$ 1,000 
monthly, with some being noticeably wealthy (especially shrimp and fruit producers). A sample 
of 10 banana producers at DIJA showed an average monthly income of US$ 1,000, costs 
excluded. Due to the fact that this group dominates the intellectual and political lives of the 
hinterland, together with municipal technicians they dominate the activities of the water 
committees. In 2003, all presidents of water committees in Ceará were technicians from 
municipalities or local politicians.  

 

4.4 Drought and Political and Socioeconomic Reactions 

In drought situations, the decreased water level in reservoirs immediately impacts the entire 
economic network. During normal years, reservoir operation is maintained at a minimum level, 
and that level is the amount necessary for human consumption 30 months after the end of the 
rainy season, and accounting for water allocation for the upcoming months. In cases of 
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consecutive poor rainy seasons, that target threshold may be lowered to 18 months, and the 
difference is realized through the redistribution of water to different agricultural sectors. Water 
allocation is always an object of conflict and tension, even in average precipitation years; in 
drought situations, conflicts increase.   

Besides directly affecting the irrigators, the poorer rain fed farmers who also work as day 
laborers in irrigated fields are effected economically due to a decrease in the demand for daily 
work. Also, rain fed farmers are unable to obtain the regular subsistence grains from their fields. 
Even with ruined fields, they still have some money due to the federal pensions; yet the food 
security threshold may still be reached due to increase in prices that usually happens during 
droughts. The household stock of grains and animals are consumed.  Drinking water sources also 
are affected, especially in distant rural communities. The food security line is crossed and 
reserves become depleted. The usual tanker truck activities become more intense and have 
difficulty keeping up with demand40. Federal, state, and municipal civil defenses are put into 
operation, usually distributing drinking water and food sent by the federal government and 
NGOs from all over the country.  

Anticipating which will be the most affected places is a very difficult task for government 
agencies, despite the intense organization efforts by state and municipal civil defenses in the last 
decade. During droughts, a wave of emergency situation declarations usually comes from the 
hinterland, overwhelming the civil defense’s capacity to attend to all municipalities at the same 
time41. Male heads of households, and sometimes whole families, migrate to urban centers of the 
country. There, the exchange rate is high: low paid jobs, and even begging, may keep people 
from starvation, but conditions available for housing, health, and security are bleak. This 
recurrent migratory phenomenon links people, goods, and resources in the urban centers to the 
hinterland. Life in the city for many rural folk is difficult and there are significant social and 
psychological impacts. News about the returning of rain brings a large crowd of rural folk back 
to the hinterlands, and cultivation begins again. 

In irrigation projects and small lots along the river, droughts mainly affect small producers 
through water rationing. After the implementation of participatory water allocation seminars, as 
described in the next section, water rationing criteria for irrigation and other uses are discussed 
and defined collectively; at the same time water allocation is decided. Sometimes rationing 
criterion dictates that all irrigators will decrease the amount of cultivated land by the same 
proportion; other times differentiation among sectors is negotiated. The Banabuiú Valley, 
affected by water scarcity for over 5 years now, offers examples of both cases. Between 1999 
and 2003, some rationing took place. In 2003, for example, all irrigators of the valley cultivated 
only 70% of their areas, as a universal rationing of 30% was in place. In 1999, the agreed upon 
area reduction was 50%. In 2001, the approach used was different: through the implementation 
of a subsidization plan designed by the government  (Agência Nacional de Águas (National 
Water Agency), COGERH, and the Secretaria de Agricultura Irrigada do Ceará (Irrigated 
Agriculture Secretariat of Ceará)) called “Águas do Vale”, rice and grains growers of the valley 
completely halted their activities for the year in exchange for compensation of R$ 400 to R$ 600 
per ha. The resulting available water was directed to activities with more intensive investment of 
capital, like fruit and shrimp production; these cultivators were charged for the water, for the first 
time in the history of the valley, the amount of R$ 0.01/m;. Despite the fact that less than 30% of 

                                                 
40 In 2003, the tanker trucks available in the hinterland could not attend to the demand during the dry season, which 
occurred just after an above average rainy season.  
41 It is important to mention the attempts to create vulnerability assessment systems, especially the work of Tim 
Finan from the University of Arizona, and the plans to organize structured drought contingency activities by state 
secretariats. These efforts are still in development and pilot stages.   
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fruit and shrimp producers paid their water bills, the Águas do Vale plan is said to have been 
successful in preventing what would have been the worst water crisis of the 1990s. In any case, 
irrigators in projects or in their own small lots have assets they can sell (e.g., motorcycles, diesel 
and electric pumps, cows) that make them more resilient to water shortages compared to the rain 
fed group. They are also more accessible to government relief efforts because they tend to be 
based in relatively well known location (close to water sources).  

Larger producers also diversify their investments: many are stores owners in the urban zone of 
the municipality; some have public employment in the municipal government, hold public office, 
or are owners of the local radio station or newspaper. In addition, they tend to make use of more 
technologically sophisticated strategies to decrease their vulnerability. This sector usually 
monitors climate forecasts, and it is not unusual to find producers visiting FUNCEME in 
Fortaleza, or maintaining regular phone contact with meteorologists. Small private reservoirs 
also exist: Ceará is said to have over 7 thousand reservoirs, with only the largest 123 under 
COGERH’s control and the rest located in private holdings. Uncontrolled reservoir construction 
proved disastrous to the state water system: some older reservoirs located downstream never 
reached high levels after the smaller reservoirs were constructed upstream. The worst case of 
water conflict in the state, around the Nova Floresta reservoir, is one example: a private reservoir 
called Oco da Arara prevents water from reaching the public Nova Floresta reservoir, causing 
much distress between the community living near it (which opposes release) and the downstream 
irrigators (which favor release). The state water law (Law 11.996/1992) introduced the need for 
permits for any kind of water infrastructure construction, but there is no evidence that the state 
water agency (SRH) has the infrastructure to enforce the permitting laws.  

Urban center economies are usually directly impacted by agricultural results, and therefore 
depressed in times of drought. Agricultural equipment and tools constitute an important part of 
commerce in the urban centers of the hinterland. The president of the Storeowners Association of 
Quixadá, a municipality in one of the driest areas in Ceará, justifies his decision to organize the 
annual meeting of local “rain prophets”, which had its 8th annual meeting in 2004, by explaining 
that storeowners need to plan ahead what to buy in terms of goods they will sell42. Also, in 
extreme situations, crowds from the parched fields of the hinterland may enter the city and 
demand help from the mayor, threatening to loot the local market. Although it can be said that 
the ‘food riots,’ as they are called locally, occurred more frequently in the first two thirds of the 
20th century, records show that at least one case occurred in early 200343. 

In terms of water consumption in the municipalities of the hinterland, it was mentioned before 
that the demand is very limited, around 0.442 m;/s. Thus, even in the most extreme rationing 
situation, like the Banabuiú valley in 2001, the released 1.3 m;/s comfortably supplies the 0.154 
m;/s demanded by local municipal water agencies. The situation, however, is different if the 
hydro-system of the metropolitan area is in crisis: the demand required by the metropolitan area 
is high enough to generate deep impacts in the Jaguaribe valley. In 1993, when the 110 km long 
Canal do Trabalhador was constructed in a little over three months, the 6 m;/s transferred to the 
metropolitan area from the Jaguaribe river caused unannounced interruptions in the irrigation 
systems of the Jaguaribe River; the DIJA project remained inactive for several weeks, ruining a 
significant part of grain and fruit production.  

 

 

                                                 
42 See newspaper O Povo, January 12, 2004. 
43 See newspaper O Povo, January 18, 2003. The riot occurred in the town of Mauriti, and food stocks were indeed 
looted. See also Neves 2000, 2002, 2003. 
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5. SOCIOPOLITICAL AND LEGAL ASPECTS OF WATER MANAGEMENT 
 

The socio-political arena in which water allocation takes place was studied through the 
bibliographical review of works published on the theme, and through ethnographic fieldwork 
focused on the network of institutions linked to the local decision making chain for water 
management. This involves understanding the social life of institutions like small villages’ rural 
workers unions or fisherpersons associations, as well as that of top level government secretariats 
and many of the intermediary actors and institutions in between. This network of institutions is 
not only complex, but also dynamic: new unions, associations, and secretariats are created while 
some are dismantled or made inoperative until they naturally disappear; others are resilient and 
resist the test of time. Understanding how institutions work in a place where power was 
historically exercised in a centralized and paternalistic way dictates that the researcher has to pay 
attention to key political actors and how they materialize their will via various institutions. At the 
same time there are other institutions that react against this political style and promote the values 
of a representative, decentralized political process. Participatory decision-making is something 
prescribed by both federal and state water laws, but it is something still disputed inside the state 
when it comes to water management.  

The hydrological system is dominated by large reservoirs and a series of flood gates that are 
operated by COGERH. Water allocation decisions must balance myriad demands, like those 
linked to the user groups described in section 3 of this paper.  

 

5.1 Institutional Aspects 

The political field in which the decisions regarding water management take place can be divided 
according to the scale in which the actors operate. At the national level, the Agência Nacional de 
Águas (ANA or National Water Agency), and DNOCS are the main actors. ANA is responsible 
for the creation of a national integrated water management system, which implies potential legal 
actions that may affect Ceará’s water management. In general, though, Ceará, with the states of 
São Paulo and Rio Grande do Sul, has been considered to be at the forefront of implementing 
integrated and rational legislation. There have been some debates between ANA and water 
committee members from southern Brazil (mainly those from São Paulo) on one side, and 
Ceará’s managers on the other side, concerning the tendency of the first to require that income 
generated by one basin be spent in that same basin. Ceará’s technicians argue that due to the high 
concentration of income in the state, revenue generated in the metropolitan basins need to be 
spent in other basins in the hinterlands. ANA has no direct control of the major basins in the state 
because it are entirely located inside the state borders44.  

DNOCS is the builder and owner of the most important reservoirs in the state (among which are 
Orós, Banabuiú and Castanhão); the institution is also the creator and manager of the main 
irrigation projects (including the Icó-Lima Campos, Morada Nova and DIJA). Thus DNOCS is 
responsible for an important part of the supply and demand for bulk water. There is still some 
ambiguity in the national law regarding jurisdiction over water resources: while the water is on 
the river bed, the state has jurisdiction over it; when it reaches the reservoirs constructed by 
DNOCS, it become “federal” water, then returns to the status of “state” waters when it passes the 
flood gates and returns to the riverbed. It appears to be accepted by all that COGERH is the state 
water agency and therefore has legal authority over water allocation, which in turn has to be 

                                                 
44 Except for the Poti basin. 
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promoted in a participatory manner. For that reason, DNOCS operates the reservoirs according 
to guidelines set up by COGERH.  

 

5.2 Legal Aspects 

At the state level, Law 11.996/1992 created SIGERH (sistema de gerenciamento de recursos 
hídricos), the state system for the management of hydraulic resources. This law specified an 
institutional configuration for water planning and management in Ceará, and also specified the 
basic principles for the political actions to be taken inside the system, among which the most 
important was the decentralization of political decisions concerning water management. 
Decentralization was understood to be the integration and promotion of the participation by 
distinct sectors of civil society in political decisions about water resource management. The law 
also instituted the hydrographic basin as the planning unit, the license (outorga) for water use, 
the charging for bulk water use, and the requirement of permits for infra-structure constructions 
as mechanisms of management. also In addition, the law inserted participatory instances in the 
system, 45  that in practice led to the creation of the State Council for Water Resources, 
(CONERH, Conselho Estadual de Recursos Hídricos), and the basin/sub-basin water committees 
(CBHs, or comitês de bacias hidrográficas). The goal was to create a management system that 
was integrated, decentralized, and participative. Besides creating legal space for the existence of 
the committees, the law requires the actions regarding water resources in the state to be guided 
by the State Plan for Water Resources (Plano Estadual de Recursos Hídricos). 

Law 11.996 was created much earlier than the political and bureaucratic capability to implement 
most of its innovations. It was inspired by laws passed in the southern state of São Paulo, where 
supply, demand, hydro-systems, and political structures are all very distinct from those of Ceará. 
In Ceará, the government did not have hegemonic power over the water resources of the 
hinterland, as evident from rural residents’ resistance to comply with government pressure to 
adopt licenses and in the more explicit cases of sabotage of reservoir valves. In order to have the 
instruments created by law 11.996 put into practice, the state government would first have to 
create political legitimacy for itself as the uncontested authority over water resources, something 
difficult in a state where government rarely acted as a neutral mediator of conflicts but rather in 
defense of the rights of the very rural oligarchy. A second difficulty was the fact that the 
government explicitly stated having goals contrary to those of the largest sectors of the 
population of the hinterlands: bringing water from the Jaguaribe Valley to Fortaleza; directing 
state sponsorship to high value activities like shrimp, flowers and fruit production; and creating 
disincentives for rice production, a highly popular activity in the valley. To make things worse, 
Tasso Jereissati (whose innovative technocratic political style was seen as emotionally “dry” by 
local standards) was in a crusade to reduce corruption and rationalize state finances during his 
first term when SRH was created, and that isolated him politically from the mayors of the 
hinterland. All of these factors explain why so much time passed – more than a decade - until 
some of the instruments created by law 11.996 started to be implemented in practice. 

At the local level, in pre-Jereissati times water issues were a concern of DNOCS. This institution 
maintained local basin managers who kept in close contact with the most important water users, 
usually attending to requests for an increase or decrease of release rates according to the 
individual needs of the major consumers; these consumers were DNOCS managed irrigation 
projects, local politicians or large land holders. No integrated water planning or management 
took place, and demand was smaller than what it is currently. The level of organization of civil 
society pre-1990s was reduced, and the existing local associations were alienated from 
                                                 
45 Garjulli, 2001: 108. 
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discussions regarding water management. The 1990s saw a proliferation of associations and an 
intensification of the organization of civil society; in the Jaguaribe-Metropolitan hydro-system, 
demand increased considerably with the shrimp boom, industrial development, new irrigation 
projects, and the growth of Fortaleza and towns in the hinterland. Fisherpersons associations, 
rural workers unions, and irrigators associations were created not to allocate water, but rather to 
create access for these sectors to benefits like pensions, some types of insurance46, and bank 
loans. During DNOCS’ ruling years, the access of  these groups’ members to water resources 
occurred through local political gatekeepers, creating political obligations and affiliations.  

 

5.3 Emergence of a Participatory Approach 

1994 was a turning point for water resource management in Ceará. In the face of severe water 
scarcity and in the wake of the construction of the Canal do Trabalhador - an act that left much 
of the population of the Jaguaribe Valley angry at the state government – the newly created 
COGERH had the difficult task of allocating the water in the valley. Through the company’s 
Organization of Users Department, a division filled with two geographers and two sociologists, 
all with extensive experience in civil society organization, a large commission for participatory 
water allocation was created in a very short period of time. Representatives of the main 
economic sectors were invited to participate; besides water users, members of civil society 
organizations and of municipal, state, and federal agencies were included. Until then, no precise 
information about demand existed, and the meeting of the allocation commission provided 
COGERH with initial data to start mapping water demand in the valley. The participatory 
approach was successful in serving as a conflict resolution mechanism: major social unrest was 
prevented that year. With the creation of the allocation commission, the seeds for a radically new 
political space were planted: an arena in which the horizontal relations of negotiation and debate 
were preferable to the vertical and rigidly hierarchical political relations of the hinterland.  This 
commission served as a point of direct contact between civil society, users’ organizations and the 
state government. It also served as an intermediary mediating state and local agents. The 
allocation commission was defined by the physical geography of the river basins, and was a new 
political arena ready to have its important decision and coordination posts filled.  

In the beginning, very few people knew how to behave in this novel political environment. 
Members of Rural Workers’ Unions were not used to engaging in verbal exchange - let alone 
over politically charged issues - with powerful landholders, and in the beginning they did not. 
Local political leaders resisted participating at first, and then later tried to take control of the new 
forum. COGERH technicians exerted control over the activities, justifying their actions through 
the strategic rhetoric of emphasizing progress toward the modern, democratic and scientific, 
three things few people from local political elites would openly attack. The strong control of 
COGERH in the beginning prevented the commission meetings from following the tradition of 
local politics. Perhaps most important, through repeated presentations and training workshops, 
the participant members became educated in the technical concepts that COGERH was using to 
manage water resources. Rational and efficient use of water, the necessity of demand planning, 
licenses, and to some extent even charging for water as a management tool, became part of the 
local language, even if such ideas were at first resisted. The state government used COGERH to 
promote the idea that water intensive activities, like rice cultivating, should be changed to less 
demanding ones, and that projects like Castanhão and Eixão47 were indeed necessary.  
                                                 
46 For example, fisherpersons are entitled to “unemployment” insurance during the reproduction season of lobster 
and fish. 
47 Both are somewhat controversial projects due to the fact that they point to attending Fortaleza and surrounding 
areas demands, and not hinterland areas with long records of social suffering due to lack of drinking water; 
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Slowly the participatory process created a new group of regional political elite, functioning in an 
intermediate scale between local and state politics. In addition, a new geographic space was 
delineated – the river basin – that was linked to this political activity. This new elite consisted of 
municipal technicians, some of them holding public office, agronomists, teachers, and engineers. 
These were the individuals who had the cultural capital to adapt quickly to the new language 
introduced by COGERH.  

The first years of the 21st century are marked by conflicts between leaders of the water 
committee members and SRH/COGERH, especially concerning the coordination of the activities 
of the allocation commission and water committees: the state believes that it has to retain a 
considerable degree of control over management decisions, including the activities of the 
allocation commission and water committees. The basin leaders who serve as directors of the 
water committees accuse the state of being too-centralized in terms of decision making, and of 
violating the participatory approach called for in the state law 11.996 itself. SRH has control 
over the state council for water resources (CONERH), composed primarily of representatives of 
state secretariats with little or no relation to (nor technical training regarding) water resources. 
Water committees have been requesting a seat on CONERH, something the state will use as a 
bartering point for the approval of a new water legislation that, among other things, enables 
water trading, an unpopular idea among the committee leaders. In 2001, CONERH reduced the 
legal decision-making power of the committees, but committees have an informal agreement that 
CONERH will approve any decisions of the water allocation seminars. The logic behind such 
deals is that SRH wants to retain legal power over management decisions, something justified by 
SRH technicians by the need to act fast in case of disaster, while promoting and officializing the 
decisions taken in the participatory committees and commissions.  

 

5.4 Data Uncertainty and Decision Making 

Information is a crucial element in the context of decision making related to water management. 
There are two particularly salient aspects: first, the effort and difficulties in generating of data for 
management of the system; and second, the linking of information sources with decision making. 
As of 1992, when the law was created, there was no system in place to monitor water use. 
Without monitoring there could be no enforcement of decisions or billing, of course. Thus the 
state was faced with the monumental task of setting up of a monitoring system to measure flows 
in major collection points –municipal water agencies, irrigation projects, and industries. For 
small users, due to their number and spatial distribution, local measurements of consumption 
were out of question. Besides the high costs of equipment for such low volumes, the tens of 
thousands of collection points would have to be found first. Users had to be known. COGERH 
started working on a database of users in the Curu and Jaguaribe-Banabuiú valleys in 1998. The 
Águas do Vale plan, in 2001, induced producers to apply for licenses, in order to get either 
compensation or water. But, since licenses were valid for no more than one year, they all 
expired, and the complex dynamics of water use in the hinterland once again was below the radar 
of COGERH. 

With the exception of 2001, a year in which the major reservoirs were almost depleted, and when 
compensation for the little water was available, in general producers resisted the idea of applying 
for water licenses, the most important managerial tool created by SIGERH to act on the demand 
side. Such resistance was due to the fact that producers feared being charged for water, and 
associated licenses with water charging, something they saw occur during the Águas do Vale 
                                                                                                                                                             
Castanhão also caused a huge ecological and social impact in its environment, having displaced around 20 thousand 
people. 
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program. This program also brought another problem to view: since the state had no time or 
resources to create a “water police”, there was no enforcement regarding payments of those who 
received the water. Debts remained open through 2002, an electoral year, and the government 
feared that a harsh action could affect its political image. It was only at the end of 2003, and due 
to pressure from ANA, that COGERH started to press for payments, two years late. The 
disorganization of the process reinforced the idea for some local producers that they don’t have 
to bother with government trying to gain control over water, but could just keep doing things as 
usual. In 2003, the SRH once again announced its plans to induce all producers of the valley to 
apply for licenses; this time the license validity was stretched to four years. 

Thus far, there is still no data about water consumption per production lot. Through geophysical 
and agronomic studies, COGERH created a method for estimating volumes of water 
consumption, using crop, irrigated area, irrigation method, and spatial location as inputs. 
Aggregate data from these estimates was checked against macro-measurements of stream flow in 
specific sections of the river. With that, COGERH developed an indirect way of assessing and 
managing demand. The licenses department of the company also geo-referenced the data, and in 
2003 was in the process of designing an information system to enable the database to be the 
ground for managerial decisions. 

When COGERH assumed the role of state water agency, data about the reservoirs came from 
DNOCS. Since the volumes of reservoirs vary dynamically (according to the amount of material 
brought with the stream to its bottom, which reduces the storage capability of the reservoir, a 
process locally known as açoriamento), in many cases the data were clearly outdated. The 
method for measuring the volume of a reservoir, called batimetry, is expensive. In cases of small 
reservoirs like Nova Floresta and Poço do Barro, but also in large ones like Banabuiú, there was 
disagreement between the perception of the local communities regarding water availability and 
COGERH data. This was sometimes based on local belief that COGERH was favoring specific 
groups, as in the case of the Nova Floresta conflict, when in reality it was that the COGERH data 
was outdated. Batimetric measurements have been done recently for the three specific cases 
mentioned, but the problem is endemic to data regarding old reservoirs. For that reason, 
COGERH technicians know that being conservative is a guarantee against of the risk of 
depleting reservoir waters due to mistaken information. 

COGERH is now the sole generator of data regarding water resources in the state. The company 
also structured the whole participatory decision process around data provided by them. Although 
many technicians from state government sit in water committees, the company is the bridge 
between committee members and the secretariat for water resources (SRH). Meeting dates and 
invitations are coordinated by the company; press releases are sent to the local media. Competing 
data is rare, and usually when it does exist it is about different and local assessments of reservoir 
levels. Although COGERH is responsible for the political existence and life of the water 
committees, official propaganda succeeded in spreading the idea that COGERH only executes, 
while main decisions are taken at the SRH. For that reason, COGERH technicians are in general 
seen as objective managers of water resources and neutral mediators in conflictive cases, with 
rare exceptions, while SRH is seen as a state agency pushing the government’s political agenda. 

Communication Aspects 

The communication environment of the hinterland is highly politicized. Radio stations and local 
newspapers are usually owned by local politicians, who use them to vehicle political propaganda. 
Commonly, political vendettas include radio professional, as in the cases of Nicanor Linhares 
and Ronaldo Guedes Ferraz Júnior, murdered in 2003 due to local political conflicts48. In 2000, a 
                                                 
48 See newspaper Diário do Nordeste, July 1st, 2003. 
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large rice producer of the Banabuiú valley used his radio station in Morada Nova to attack 
COGERH and the allocation commission’s decision to reduce production areas by 50%. Thus, 
once information leaves COGERH domains, it enters a highly politically charged environment. 
Even the infrastructure of communication is sometimes affected: irrigators involved in the Nova 
Floresta conflict reported having their COGERH mail systematically retained in the community 
post office, and had to be communicated with by phone about allocation meetings. 

 

5.5 The allocation structure and process 

The group that allocates water from the Jaguaribe River meets twice per year: in January at the 
beginning of the rainy season to evaluate forecasts and decide the release policies for the next six 
months, and in late June or early July, when the bulk of precipitation is over and reservoir levels 
are defined. These meetings are locally called Water Allocation Seminars. In the second and 
most important meeting of the year, simulations for the general conditions of each of the three 
main reservoirs (Orós, Castanhão, and Banabuiú) under a variety of release rate scenarios are 
presented. The commission members discuss the projected situation of each reservoir at the end 
of the season under each release rate, and after analyzing the presented scenarios, elect which 
release rate is acceptable for the reservoir. Since each sector has specific needs regarding water 
supply, decisions entail a great deal of discussion.   

In 2003, the allocation commission had 107 members from the four sub-basins of the Jaguaribe 
River mentioned previously, with representation divided in the following way: 

- 30% of members are representatives of civil society entities, i.e. diverse rural workers 
unions and associations of inhabitants; among these, the most highly represented group is 
the rural workers unions (2/5 of total); 

- 28% public and private water users, e.g. companies providing water for human use, 
associations of producers from both public and private irrigation areas, and other 
associations; 

- 25% representatives of municipal governments, i.e.prefeituras (municipal executive), 
secretariats of municipal government, and câmaras municipais (municipal legislative); 

- 17% representatives of the various state and federal government agencies, i.e. people 
from DNOCS, COGERH, EMATERCE, SEAGRI, and CHESF. 

Taking a sub-basin perspective, the Baixo Jaguaribe has the most representatives (36%). 
Notably, the institutions directly linked to water users represent only 28% of the commission’s 
members. Adding the rural workers’ unions, who represent small farmers working others’ lands 
by pumping water directly from the river, as well as the farmers who cultivate reservoir and 
riverbed lands, this still totals only 40% of the members. However this is by design: since the 
beginning COGERH had the explicit goal of integrating sectors of the broader civil society into 
the process, as all sectors are indirect water users and direct producers of water pollution. 

Besides occurring in the main allocation commission for the three large reservoirs of the valley, 
participatory management was extended to the other smaller reservoirs managed by COGERH. 
Small reservoir commissions were constituted by local population representatives and 
government officials. 

One might organize societal interactions here according to who interacts with whom in the 
network of reservoirs and waterways. Political alliances do exist at the sub-basin level (e.g., 
communities associated with a particular reservoir) and through committee membership. More 
generally, organization of non-governmental water stakeholders has occurred in large part by 
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location (e.g., communities located upstream or downstream of the reservoir gates, where the 
former tend to oppose water release while the latter tend to favor it) and by occupational practice 
(e.g. organization through unions, cooperatives, and associations). Stakeholders thus may 
simultaneously be allies and rivals, depending on the subject of debate, i.e. allies in regional 
disputes for water and rivals in local conflicts. That is usually the case, for example, for rural 
workers unions and private landowner associations, who act together against alliances formed in 
other basins, despite the conflicted relationship that they have locally. 

The table in Appendix III provides a general description of the stakeholders involved in water 
allocation and their patterns of behavior during the allocation process. Below we describe one 
Water Allocation Seminar, in which the diverse and important elements that mark stakeholders’ 
participation are described.  

 

Description of Water Allocation Seminar49 
At the end of the rainy season, at the beginning of June, COGERH sets a date for the water 
allocation seminar and sends invitations through the postal service to the 107 voting members. Each 
voting member is supposed to communicate the other members of the institution/community he or 
she represents about the seminar. Our interviews revealed that very few do so, except some 
representatives of leftist NGOs, church organizations, or groups that have special interests in taking 
many people to the seminar in order to exert crowd pressure in debates and voting (these are 
usually groups that experienced water shortages in the previous years). In this case, local 
communication networks are used: local radios, messages during church services, church 
loudspeakers, and cars with loudspeakers attached to their roofs. The community/group will then 
try to allocate transportation resources to carry people to the seminar site. This may be a major 
problem for some groups/communities, and local leaders and politicians are usually asked for help, 
naturally creating political obligations.  

The venue is often an institution that has the minimal necessary infrastructure – microphones, 
projectors, and video cameras for recording the activities - usually in regional centers like Limoeiro 
do Norte, Russas, or Morada Nova. All individuals attending the seminar receive a small booklet 
with the technical information to be discussed during the seminar – tables and graphics about 
reservoir levels, evaporation, proposed rates of water release to be voted on, etc. (see appendix IV 
for an example of the graphics used) Voting members receive printed color booklets; others receive 
black and white photocopies. 

Someone from COGERH opens the meeting, and he/she will lead the rest of the seminar. This 
individual is usually the local COGERH manager for the basin, or someone with a higher rank from 
Fortaleza. The first activity is the introduction of the individuals who sit at the table in front of the 
audience: the state secretary of water resources (SRH) is called to the table, followed by the 
president of COGERH, representatives of DNOCS and EMATERCE (Empresa de Assistência 
Técnica e Extensão Rural do Ceará or Rural Extension Office for the State of Ceará) (if present), 
a representative of the municipality hosting the seminar (usually the municipal secretary of 
agriculture), and the presidents of the sub-basin water committees. Beginning with the secretary 
(SRH), each member of the directive table will give a speech that usually: 1) emphasizes the 
importance of the seminar as a democratic step for water allocation, and the necessity for more 
organization and involvement by the communities so that the democratic process can be solidified; 
2) promotes COGERH’s agenda, including the need for every farmer in the valley to adopt the 
water license scheme, or the advantages of introducing the payment for water as a management 
mechanism. 

The speakers then sit with the rest of the participants and audience in the auditorium. The 
COGERH technician leading the seminar will then call the invitees from the various societal sectors 

                                                 
49 Adapted from Taddei and Taddei, 2002. 
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and organizations, who will make presentations about specific topics, including payment for the use 
of water and its advantages, the necessity of maintaining riverbeds free of obstacles, pollution 
control, etc. Usually, after these presentations, discussions and debates arise. The COGERH 
technician will manage the debate, sometimes asking for other COGERH specialists to provide 
technical answers. The seminar then breaks for lunch. 

The last presentation, which can take place before or after lunch, is the one in which the current 
reservoir situations are discussed, and the simulations of reservoir operation are presented to the 
auditorium. This part of the presentation is very technical, and we observed that some individuals 
have difficulties with the technical language used. (It was not possible for us to quantify the degree 
to which participants had difficulty with the technical terminology). However, while most of the 
auditorium seemed to follow the presentation, it was clear that some individuals lost interest and 
left the auditorium for coffee or a cigarette.  

After this technical presentation, the auditorium is divided into three groups.  All individuals 
associated with the Orós reservoir, or located between the Orós and Castanhão reservoirs, meet and 
discuss the rates of water to be released via the valve of Orós. The same happens for the Banabuiú 
reservoir, involving users and communities that go from the reservoir to the point at which the 
Banabuiú River meets the Jaguaribe.  The third group is that for Castanhão, with people that live 
and work from the Castanhão to Fortim, where the Jaguaribe River meets the ocean. Before 2002, 
the auditorium was divided into two, because the Castanhão was not in operation. 

Each of these groups then debates the simulations provided by COGERH. About 8 to 10 
simulations are provided for each reservoir, with different release rates, their associated rates of 
evaporation, and rates of decrease in the volume of available water in the reservoir. All simulations 
begin from the current situation of the reservoir. The proposed values of liberation pre-define the 
context in which the decision process can take place. Very rarely is the range of volumes suggested 
by COGERH, i.e. its maximum or minimum suggested water release values, questioned. If they are, 
COGERH technicians provide justification based on the technical details of the reservoir.     

The debates among the participants about the volumes were observed to be largely driven by 
pragmatic reasoning. Users tend to draw upon their memories and perceptions of the correlation 
between the abstract numbers being discussed (flows in cubic meters per second), the actual 
situation of the river, and their economic activities/needs from the past years. They then make 
mental comparisons between how much water is proposed to be liberated now and how much was 
liberated the previous year.  Based on the individuals’ evaluations of how much water was running 
in the sections of the river close to where they work, or in the irrigation channels they use, they 
decide if the proposed volume will be sufficient (i.e. they try to match numbers with images of the 
river or irrigation channels). The same applies to fishermen and community members close to 
reservoirs who rely on certain levels for fish survival and for accessible planting areas.  

The actors will then defend their interests, according to the gross typology of stakeholders we 
present in appendix III. Many interesting outcomes can result from these discussions: actors may 
negotiate a specific release rate associated with one sector or group of actors’ promise to clean the 
riverbed in order to improve stream flow, thus allowing water to flow further downstream. 
Variation in the timing of releases (versus total volume) may be also be negotiated; for example 
during the dry season, for specific reasons, such as the weeks in which irrigation reaches its peak 
water consumption due to the biological requirements of the plants being cultivated. The COGERH 
technicians leading the discussion keep visible notes on a large sheet of white paper taped to the 
wall. They also strive for consensual decision making, which may take many hours of sometimes 
heated debate and arguments. If consensus is impossible, the decision is made through a vote.  

One recurrent rhetorical strategy used by participants in the debates is the use of sophisticated 
language and the phrasing of specific sectorial interests in technical terms, presenting will as 
technical necessity, making use of one element of the local cultural representations of the social 
order: the dichotomy of society into a few “dotô” (doctors, meaning educated and usually powerful 
person), and many “cidadão” (ordinary uneducated citizens), in which the first have authority to 
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lead the later due to their knowledge, and the later have to follow due to their ignorance. These 
rhetorical moves are counterbalanced by the actions of technicians associated with church groups, 
university students, community associations, and even EMATERCE employees, which end up 
assuming the function of informal representatives of small farmers and fishermen in the arena of 
sophisticated phraseology.   

The debates are open to all individuals present in the meeting, though only the representatives can 
vote. Generally, the number of attendants is much higher than the number of voting members. 
While the discussion is coming to a consensus, everyone present can influence the debate. Popular 
group like community associations and unions usually are responsible for bringing many people to 
the seminars. If a consensus is not reached, and voting must be used, then only those 107 members, 
in their three subgroups (Orós, Banabuiú, or Castanhão), can vote. This is the moment in which 
underprivileged groups and actors suffer due to lack of infrastructure (mainly transportation), since 
it does not matter how many union members are present: if the official representatives (i.e. voting 
members) are not present, their votes are lost. Members state their vote verbally and publicly. The 
COGERH technician counts the votes and writes them on the piece of paper taped to the wall. 

The discussions, as well as the voting, may address other issues besides release rates. In cases of 
acute water shortage they may legislate about criteria for water allocation and distribution. 
Examples already mentioned are the decision of the Banabuiú committee, in 2000, to limit water to 
50% of pre-crisis flow rates, imposing a 50% reduction in available water to all users; and the 
Águas do Vale program in 2001, inducing rice growers not to use water and directing the small 
amount of available water to fruit and shrimp producers.   

When the three sub-groups reach their decisions, the COGERH technician leading the activities 
asks the attendants to return to the auditorium; the results of each discussion or vote are read aloud 
and recorded in the transactions of the seminar. The technician then congratulates everyone who 
came, reinforcing the importance of the meeting as a democratic mechanism, and declares the 
seminar to have reached its end. The voting members that are present then sign the attendance 
sheet. 

Shortly after the seminar, COGERH prepares a summary of the activities and deliberations of the 
commission, and the state water council for water resources meets and (usually) approves them.  

The seminar will meet again in January to discuss climate predictions regarding the rainy season 
that will begin that month, and to deliberate over reservoir operations for the rainy period. When 
the forecast points to a normal (average) winter, the reservoir valves are usually adjusted to the 
guaranteed minimum release for municipal demand (human consumption) in case of eventual dry 
spells. 

 

  

 

6. IMPLICATIONS 
 

Above we have characterized the history, societal groups, sociopolitical and legal institutions 
that are relevant for water management in Ceará. The structure and processes associated with 
these organizational entities will likely affect future water management policy. 

For example, it matters that over one and a half million individuals in the state’s hinterland live 
below the local ‘poverty line’. In these conditions, a fear of insufficient water is well founded. 
The crucial role of sufficient water is reflected in public reactions to scarcity or abundance, such 
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as celebratory fireworks and/or traveling to watch a reservoir spill50. Decisions linked to water 
manifest in extreme risk aversion, i.e., ‘tuned’ to worst-case water availability scenarios; this is 
understandable given the degree of uncertainty in climate and water supply and for those close to 
the food security line. Variations may be life threatening. Further uncertainty is due to imperfect 
measurements in the water system, and we see ‘conservative’ water behavior across various 
levels in society, from rain fed farmers to state planners. An implication for proposed future 
water management schemes is that policy makers must consider not only average effects, but 
also impacts upon water risk exposure and its perception, across groups. 

Looking further at the details, consider the rain fed agriculturalist who, lacking alternatives, 
always plants seeds after the first rains when soil moisture is at least 30 centimeters deep. If a dry 
spell ruins the fields, the soil is prepared again, and the farmer waits until the rains begin again, a 
process that may be repeated many times until Saint Joseph’s day (March 19th).51  This farmer 
may hear a forecast for dry conditions, but gain some sense of relief knowing that it is not 
deterministic and that it can be wrong. This is because this planting approach has been tuned to 
years of risk and is not going to change, in which case it is good that a forecast of dry conditions 
may be wrong – as it was observed to be in 2003.52  So farmers perceive the probabilistic nature 
of the forecasts as well, and at the same time understand forecasts’ role in triggering distribution 
of seeds (which was routine policy until 2003); in 2004, EMATERCE decided to combine 
forecasts with inputs from field technicians to modify the trigger.) Thus policy makers should 
consider these issues of risk perception as well, if trying to best support farmers. For instance, 
their evaluation of the role of forecasts in seed release seems like an important analysis to 
conduct. That said, it is important to distinguish risks for rain fed farmers from those for 
industrial operators. The latter might embrace risk in policy choice as they can handle new 
variations that raise average profits. 

Water management policy concerning forecasts use for stream flows in reservoir operation faces 
the same questions about impacts on risks and across groups. Given the conservative default 
policy, using forecasts would mean sometimes using water in a less conservative manner, i.e. 
releasing higher amounts of water to productive activities in order to avoid evaporation losses. 
Recognizing risks, COGERH technicians noted that such technical novelty might be best for 
reservoirs for which good data is available and those with short recharge times (i.e. those with 
high tendency of spilling). The need to take into account the connections among hydrological 
decision making and ensuing impacts across different groups in society becomes crucial when 
considering moving away from the more risk averse policy currently in place. 

Some groups are usually negatively impacted by higher rates of water release. Upstream fishers 
need a minimum amount of water in the reservoir. Riverside agriculturists are limited by their 
pumping technology to work within certain distances of the waterline, which shifts due to 
releases. Thus, even innovations which, in aggregate, raise water yield for a given level of water 
supply reliability could hurt specific user groups. Clearly the details of the allocation 
commission, in which members of the negatively impacted groups have seats, will be important 

                                                 
50 While this article was written, the Sobral reservoir spilled - a very unusual occurrence as January is the beginning 
of the rainy season. Television channels broadcasted to the whole region the fireworks used by the local population 
to commemorate the occasion. TV Verdes Mares, January 27, 2004. 
51 There is climatologic sense in Saint Joseph’s day. It is close to the autumn equinox, when the ITCZ (inter tropical 
convergence zone that brings humidity from the Atlantic to the Brazilian northeast) stops moving south and begins 
moving back north. That means that the likelihood of rains after March 21st, if it did not rain enough before that 
date, is small. 
52 In this case, climate agencies in Brazil issued revised forecasts, but that was not the scenario envisioned when 
estimating gains from forecasts, and the forecast provided at the beginning of the agricultural season stuck in 
farmers’ memories. 
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in effective release policy. Viewing the issues over the long term, perhaps new institutional 
policies for compensating affected groups can help.  

More generally, these water management policy questions raise the issues of coordination and of 
the role of the state. Competition for water among upstream and downstream groups (even 
within the same sector) is endemic because the rate and amount of water released has a direct 
impact on their livelihoods. Integrated water management schemes that are rational, efficient and 
also equitable are the challenges to be faced. Putting such schemes into place is a mandate that 
has evolved alongside the extension of government control over natural resources in the 
hinterland. This has proceeded slowly over a decade, and it is far from reaching its end. It has 
also involved an intriguing twist in the introduction of a form of participatory democracy in 
water management, in sharp contrast to the traditionally centralized decision structure within the 
state capital as well as across the hinterlands. 

A term that is often used by government agencies and worthy of further consideration is 
“modernization”. Referring to state function, this sometimes indicates efficiency standards taken 
from private companies. Others use this term to suggest decentralization in the form of political 
structure transformation, e.g. real decision power vested in participatory water committees. 
There are clear disputes inside government regarding the authority that committees should have. 
The existing process is not fully coherent: locally, constrained state funds for subsidies towards 
transporting participants from distant areas create a bias towards those with disposable resources 
to attend meetings, such as agribusiness and state agency representatives. At the state scale, some 
water deals are made outside of the water committees and seminars, e.g. for large industrial or 
agribusiness enterprises, and are led by agencies responsible for economic development.53 The 
details of how different groups access this system will matter greatly, including determining 
which decision makers are making the choices described above concerning risk and the use of 
climate information.  

The heterogeneous and in the hinterland spatially dispersed set of water users also pose practical 
challenges for contractual novelties that may reflect technical novelties concerning climate 
forecasts but also must confront financial and institutional realities. One relevant example of the 
limits of the state to monitor hinterland life is the persistent and somewhat successful resistance 
to licenses by those accustomed to freely pumping bulk water directly to fields. 
Institutional/contractual novelties that may better signal to agencies what users actually want in 
terms of water supply and reliability could be hampered by a lack of resources and political will, 
e.g. to enforce payment of water bills. Another constraint is the limited comprehension of 
novelties concerning probabilistic deliveries of water. 

Consideration of many of the above details indicates a need to view potential innovations in 
water resource management in the context of existing conflicts between different needs and 
visions. Reservoir or crisis management that could integrate streamflow or climate models and 
outputs will thus require a deep understanding of the state and local economic and political 
setting. Adverse political circumstances, for example, may nullify the value of an innovative 
technological tool, or skew the benefits toward selected groups. We hope to have provided some 
basic information to help those interested in contributing to the organization and improvement of 
the water system in Ceará, and to have highlighted issues that, while perhaps obvious to those 
“on the ground”, do not always enter technical or policy debates. 
                                                 
53 In August of 2002, newspapers reported that the largest producer of the valley, the giant fruit multinational Del 
Monte, signed an agreement for water delivery directly with DNOCS without participating in discussions of water 
allocation. That caused friction between the water committees and the administration in the Apodi area, the 
irrigation area where Del Monte is installed. This tendency is intensified by the “fiscal wars” between states. See 
Tendler 2000. 
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LIST OF ACRONYMS 
 
ANA: Agência Nacional de Águas (National Water Agency) 
BNB:  Banco do Nordeste do Brasil (Northeast Development Bank of Brazil) 
CAGECE: Companhia de Água e Esgotos do Estado do Ceará (Water and Sanitation 

Company of Ceará– state run municipal water agencies) 
CHESF:  Companhia Hidrelétrica do São Francisco (Hydroelectric Company of the São 

Francisco River) 
COGERH:  Companhia de Gestão de Recursos Hídricos do Ceará (Company for 

Management of Water Resources in Ceará) 
CONERH: Conselho Estadual de Recursos Hídricos (State Council for Water Resources) 
DNOCS (IOCS):  Departamento Nacional de Obras Contras as Secas (National Department for 

Works Against Drought). 
ENSO: El Niño Southern Oscilation 
EMATERCE: Empresa de Assistência Técnica e Extensão Rural do Ceará (Rural Extension 

Office for the State of Ceará) 
FUNCEME:  Fundação Cearense de Meteorologia e Recursos Hídricos (Foundation for 

Meteorology and Water Resources in Ceará) 
IPECE:  Instituto de Pesquisa e Estratégia Econômica do Ceará (Institute for Economic 

Research and Strategy of Ceará) – formerly IPLANCE. 
IPLANCE:  Fundação Instituto de Planejamento do Ceará (Foundation Institute for 

Planning of Ceará) 
SAAE: Serviço Autônomo de Água e Esgotos (Autonomous Water and Sanitation 

Services – municipal water agencies) 
SEAGRI:  Secretaria de Agricultura Irrigada do Ceará (Irrigated Agriculture Secretariat 

of Ceará) 
SDR:  Secretaria de Desenvolvimento Rural do Ceará (Secretariat for Rural 

Development of Ceará, now extinct) 
SRH:  Secretaria de Recursos Hídricos do Ceará (Water Resources Secretariat of 

Ceará ) 
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APPENDIX I: TABLES AND FIGURES 

Crops and irrigation systems  

Table 1.1 - Alto Jaguaribe 
 
Crop Irrigation 

Project 
   Private 

Farmers/Tenants 
   

 Irrigation 
System 

Average 
Area (ha) 

Total Area of 
Sample (ha) 

Number of 
Records in 

Sample 

Irrigation 
System 

Average 
Area (ha) 

Total Area of 
Sample (ha) 

Number of 
Records in 

Sample 
Rice P Uncontrolled 

flooding 
4.7 1903.0 405 P Uncontrolled 

flooding 
9.1 988.0 108 

Bean P Furrows 4.9 1651.0 337 P Uncontrolled 
flooding 
P Furrows 

5.9 
 

13.4 

672.3 
 

347.4 

113 
 

26 
Corn P Furrows 5.2 247.7 48 P Uncontrolled 

flooding 
3.8 218.7 58 

Pasture - - - - P Uncontrolled 
flooding 

5.5 132.0 24 

 

Table 1.2 - Médio Jaguaribe 
 
Crop Private farmers    Tenants    
 Irrigation 

System 
Average 

Area (ha) 
Total Area of 
Sample (ha) 

Number of 
Records in 

Sample 

Irrigation 
System 

Average 
Area (ha) 

Total Area 
of Sample 

(ha) 

Number of 
Records in 

Sample 
Rice P Uncontrolled 

flooding 
17.7 406.9 23 - - - - 

Bean P Uncontrolled 
flooding 
P Sprinklers 

19.1 
 

6.9 

248.9 
 

493.4 

13 
 

71 

 
 
P Sprinklers 

 
 

5.5 

 
 

55.0 

 
 

10 
Banana P Uncontrolled 

flooding 
10.4 197.0 19 - - - - 

 
Table 1.3 – Banabuiú 
 
Crop Irrigation 

project 
   Private farmers    

 Irrigation 
System 

Average 
Area (ha) 

Total Area of 
Sample (ha) 

Number of 
Records in 

Sample 

Irrigation 
System 

Average 
Area (ha) 

Total Area of 
Sample (ha) 

Number of 
Records in 

Sample 
Rice P Uncontrolled 

flooding 
4.4 1765.5 404 P Uncontrolled 

flooding 
23.2 278.9 12 

Bean P Furrows 4.6 599.3 130 P Sprinklers 18.2 254.8 14 
Banana P Shortened 

water runs 
4.6 91.2 20 - - - - 

Pasture P Furrows 4.8 344.2 72 - - - - 

 

Table 1.4 - Baixo Jaguaribe 
 
Crop Irrigation 

project 
   

 Irrigation 
System 

Average Area 
(ha) 

Total Area of 
Sample (ha) 

Number of 
Records in 

Sample 
Rice P Center pivot 8.9 186.9 21 
Bean P Center pivot 

P Sprinkler 
9.0 
2.4 

738.0 
64.8 

82 
27 

Banana P Micro-
sprinkler 
(localized) 

12.0 276.0 23 

Papaya P Drip (low-
flow) 
P Micro-
sprinkler 
(localized) 

3.6 
 

9.7 

57.6 
 

87.3 

16 
 

9 

Pasture P Sprinkler 2.8 36.4 13 
Corn P Center pivot 8.9 818.8 92 
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Table 1.4 - Baixo Jaguaribe – cont. 
 
Crop Private farmers    Tenants    
 Irrigation 

System 
Average 

Area (ha) 
Total Area of 
Sample (ha) 

Number of 
Records in 

Sample 

Irrigation 
System 

Average 
Area (ha) 

Total Area 
of Sample 

(ha) 

Number of 
Records in 

Sample 
Rice P Uncontrolled 

flooding 
9.1 527.8 58 P Uncontrolled 

flooding 
41.26 1155.3 28 

Beans P Sprinkler 
P Uncontrolled 
flooding 
P Furrows 

3.7 
3.3 

 
2.6 

688.2 
52.8 

 
195.0 

186 
16 

 
75 

P Sprinkler 
P Furrows 

3.6 
3 

133.2 
33.0 

37 
11 

Pasture P Sprinkler 
P Shortened 
water runs 
P Uncontrolled 
flooding 
P Furrows 

3.5 
2.0 

 
4.7 

 
2.7 

350.0 
64.0 

 
253.8 

 
264.6 

100 
32 

 
54 

 
98 

P Uncontrolled 
flooding 
P Furrows  
P Sprinkler 

5.3 
 

3.1 
3.14 

58.3 
 

55.8 
69.1 

11 
 

18 
22 

Citrus P Shortened 
water runs 
P Uncontrolled 
flooding 
P Level 
(micro)basin 
P Furrows 

3.13 
 

3.9 
 

3.6 
 

1.8 

103.3 
 

109.2 
 

86.4 
 

43.2 

33 
 

28 
 

24 
 

24 

P Shortened 
water runs 
P Level 
(micro)basin 

2.5 
 

3.1 

32.5 
 

31.0 

13 
 

10 

Banana P Shortened 
water runs 
P Uncontrolled 
flooding 
P Furrows 
P Level 
(micro)basin 

1.9 
 

3.4 
 

1.5 
5.1 

47.5 
 

173.4 
 

289.5 
51.0 

25 
 

51 
 

193 
10 

P Shortened 
water runs 

2.7 37.8 14 

Corn P Sprinkler 
P Uncontrolled 
flooding 
P Furrows 

2.8 
4.4 

 
2.7 

109.2 
44.0 

 
97.2 

39 
10 

 
36 

P Sprinkler 3.9 35.1 9 

Guava P Furrows 2.7 91.8 34 - - - - 
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Table 2: Cultivated areas in the Jaguaribe Valley 

 
Basin Municipality Total Area 

(ha) 

 Icó 5,425.41 

Alto Jaguaribe Iguatú 1,328.00 

 Orós 1,045.00 

 Quixelô 603.00 

 Basin total 8,401.41 

 Alto Santo 1,143.50 

Médio Jaguaribe Icó 267.00 

 Jaguaribara 381.00 

 Jaguaribe 635.20 

 São João do Jaguaribe 1,961.00 

 Tabuleiro do Norte 1,186.60 

 Basin total 5,574.30 

 Aracati 14.00 

Baixo Jaguaribe Itaiçaba 104.00 

 Jaguaruana 4,386.81 

 Limoeiro do Norte 2,130.45 

 Quixeré 585.00 

 Russas 1,856.00 

 DIJA 2,021.70 

 Basin Total 11,097.96 

 Banabuiú 201.00 

Banabuiú Jaguaretama 150.22 

 Limoeiro do Norte 2,469.15 

 Morada Nova 2,414.50 

 Morada Nova Irrigation Project 2,000.00 

 Tabuleiro de Russas 867.00 

 Basin total 8,101.87 

Total  25,073.67 

 

Source: COGERH. 
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Municipal water consumption with the Jaguaribe River as the main water source 
 
Table 3.1 – Municipalities attended by the Orós-Lima Campos system 
 

N° Municipality Population 
Attended 

Volume / Month m; Flow (l/s) 

1 Orós 10,100 46,000 12 
2 Icó 18,500 86,500 33 
3 Jaguaribe 15,500 69,800 27 
 Total 44,100 202,300 72 

 
 
Table 3.2 – Municipalities attended by the Banabuiú-Pedras Brancas system 
 

N° Municipality Population 
Attended 

Volume / Month m; Flow (l/s) 

1 Banabuiú 6,600 32,000 12 
2 Ibicuitinga 4,950 26,500 10 
3 Morada Nova 23,500 106,000 41 
4 Quixadá (Pedras Brancas) 51,000 235,000 91 
 Total 86,050 399,500 154 

 
 
Table 3.3 - Municipalities attended by the Castanhão reservoir 
 

N° Municipality Population 
Attended 

Volume / Month m; Flow (l/s) 

1 Russas 33,300 157,300 61 
2 Palhano 4,300 28,000 11 
3 Itaiçaba 5,200 29,500 12 
4 Jaguaruana 16,000 76,900 30 
5 Nova Jaguaribara 3,800 17,000 7 
6 Limoeiro do Norte (Cidade Alta) 4,500 25,000 10 
7 Limoeiro do Norte (Cidade) 19,500 100,500 39 
8 Tabuleiro do Norte 16,300 78,500 30 
9 Quixeré 6,100 29,000 11 

10 São João do Jaguaribe 2,800 12,300 5 
 Total 111,800 554,000 216 

 
Source: COGERH 
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Operation of the three main reservoirs from 1998 to 2003 
 
Table 4.1 – Orós 
 

Year Situation on June 1st Situation on 
December 31st 

Approved Release 
Rate (m;/s) 

Actual Release Rate 
(m;/s) 

1998 1,380.56 (71.2%) 840.04 (43.3%) 12.0 to 15.0 19.6 
1999 934.35 (48.2%) 540.80 (27.9%) 18.0 17.5 
2000 1,017.35 (52.4%) 649.60 (33.5%) 19.0 14.0 
2001 561.24 (28.9%) 259.50 (13.4%) 10.0 11.0 
2002 427.76 (22.1%) 286.70 (14.8%) 5.0 to 6.0 4.7 
2003 618.51 (31.9%) 368.30 (19.0%) 5.0 2.4 

 
Table 4.2 – Banabuiú 
 

Year Situation on June 1st Situation on 
December 31st 

Approved Release 
Rate (m;/s) 

Actual Release Rate 
(m;/s) 

1998 577.62 (36.1%) 269.66 (16.8%) 10.0 13.5 
1999 265.58 (16.6%) 70.34 (4.4%) 9.0 9.0 
2000 184.04 (11.5%) 63.76 (4.0%) 7.0 5.8 
2001 35.97 (2.3%) 9.46 (0.6%) 1.5 1.3 
2002 526.10 (32.9%) 382.70 (23.9%) 7.5 7.2 
2003 533.46 (33.3%) 444.70 (27.8%) 9 6.7 

 
Table 4.3 – Castanhão 
 

Year Situation on June 1st Situation on 
December 31st 

Approved Release 
Rate (m;/s) 

Actual Release Rate 
(m;/s) 

2002 455.69 (6.8%) 272.63 (4.1%) 11.0 8.0 
2003 532.73 (7.9%) 305.60 (4.6%) 11.0 10.2 

 
Source: COGERH 
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Figure 1: Jaguaribe-Metropolitan-Banabuiú Hydrosystem 
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Source: adapted from Guidotti, 2003. 
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APPENDIX II: PHOTOS 
 
 
 

 
Field of flooded rice, Alto Jaguaribe 

 
Furrows irrigating beans, Banabuiú 

 
 
 

 
Center pivot irrigation, Baixo Jaguaribe 

 
Fruit culture, Baixo Jaguaribe 

 

 
Shrimp production, Baixo Jaguaribe 

 
 
 
 

 
Agriculturalist explaining the  

functioning of sprinklers 
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Tanker trucks – a reality of the hinterland, Médio 

Jaguaribe 
 

A nearly dried up reservoir – rulers outside the water, 
Nova Floresta, Médio Jaguaribe 

 

 
“If the forecast says the winter will be bad, they pray for 
the forecast to be wrong” – Water is always present in 

local religious rituals, Banabuiú. 

 
Bringing home water from the reservoir, Médio 

Jaguaribe 
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APPENDIX III: ACTORS IN THE CEARÁ WATER SCENE54 
Actors Usual location in the 

basins 
Main pattern of 
participation in the seminar 

Usual rivals in the allocation process Usual allies in the 
allocation process 

Relative power in the allocation process 

Water distribution 
companies, 
municipal (SAAEs) 
or state owned 
(CAGECEs) 

All sites. Every 
municipality has 
either a SAAE or 
CAGECE. Most 
are located 
downstream of 
the reservoirs, 
along the river. 

Tend to favor higher 
rates of water 
liberation, but with 
limits so that future 
years’ water supply 
remains guaranteed. 

All actors that oppose water 
liberation (vazanteiros – see 
below, and fishery associations). 
They usually complain about 
unregulated water usage 
(between the reservoir and the 
municipality they attend) when it 
causes water shortage for the 
municipality. Barriers in the 
river also causes problem for 
these actors, so they tend to 
press for good maintenance of 
the riverbed. 

Users located 
downstream 
along the river, 
but with limits. 
They tend to 
worry about 
future years’ 
water supply 
for the 
municipalities. 

Greatest power among users, since their 
priority is guaranteed by law. 
Representatives of these institutions have 
their own infrastructure to participate 
(transportation, communication facilities, 
etc.), which improves their effective 
political participation in the process. 
Many SAAE sponsor public campaigns 
against the privatization of water 
distribution services. Since most of these 
individuals are technicians, technical 
language is not a problem for them. 

Associations related 
to public irrigated 
perimeters 

DIJA and 
Morada Nova 
located 
downstream; 
Icó-Lima 
Campos 
Irrigation Project 
located 
upstream. 

If downstream tend to 
fight for the liberation 
of water; if upstream  
tend to fight for lower 
release rates.  

Downstream projects: 
vazanteiros (small farmers who 
farm the reservoir’s lands) and 
fishery associations. 
Occasionally private and public 
irrigators may clash, depending 
on who is located closer to the 
reservoir and gets the water from 
the river first. 

COGERH and 
EMATERCE 
technicians, 
private 
irrigators. 
Downstream 
projects: other 
actors who 
favor higher 
rates of water 
liberation. 

Medium to high power, due to support 
from COGERH and EMATERCE 
technicians. Many of these associations 
don’t have any infrastructure 
(transportation, communication), and 
depend on the support provided by other 
actors. Most of the time, public irrigators 
have difficulties with the technical 
language used in the seminars, which may 
represent a political disadvantage. 

Associations related 
to private irrigated 
properties 

Downstream of 
the reservoirs, 
(except for those 
located in Orós 
and Iguatú, Alto 
Jaguaribe).  

If downstream tend to 
fight for the liberation 
of water; if upstream 
tend to fight for lower 
release rates. 

Downstream irrigators: 
vazanteiros (small farmers who 
farm the reservoir’s lands) and 
fishery associations. 
Occasionally private and public 
irrigators may clash, depending 
on who is located closer to the 
reservoir and gets the water from 
the river first. 

Downstream 
irrigators; 
other actors 
who favor 
higher rates of 
water 
liberation. 

Medium to high power, since they have 
interests that are aligned with public 
irrigators (in terms of water liberation), 
and have good infrastructure to 
participate in the political process. 
Technical language is less a problem than 
that for public irrigators. 

                                                 
54 First presented in Taddei & Taddei, 2002. 
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Actors Usual location in the 

basins 
Main pattern of 
participation in the seminar 

Usual rivals in the allocation process Usual allies in the 
allocation process 

Relative power in the allocation process 

Vazanteiros – small 
farmers that work on 
the reservoir lands 

On the lands of 
the reservoirs 
that are 
uncovered by 
lowering water. 

When the reservoir is 
full, they press for 
water liberation, so that 
reservoir land can be 
made available to then. 
When the level of the 
reservoir is low, they 
tend to strongly oppose 
the liberation of water, 
as the water tends to get 
too far from their fields 
and the cost of water 
transportation (through 
pumps) increases. 

All users who press for water 
liberation. 

Fishery 
associations, 
church groups, 
and 
community 
associations 
from the 
reservoir area.  

Little power. Along with the fishermen, 
these are the poorest members of the 
commission, lacking any resource in 
terms of infrastructure. Many vazanteiros 
do not attend the seminar for lack of 
transportation. Technical language is a 
strong barrier. The support of church 
groups and community associations tend 
to significantly enhance this group’s 
power. 

Representatives of 
rural workers unions  

There is no 
geographical 
pattern for their 
associates. These 
unions represent 
all kinds of small 
producers – 
those who work 
in rain fed fields, 
in reservoir 
lands, or in small 
irrigated areas. 

Don’t have a clear 
pattern of participation. 
Geographical location 
is key factor. Open to 
influence by other 
actors connected to the 
unions – public 
irrigators, vazanteiros 
or fishermen – 
depending on who 
could attend the 
seminar. 

If downstream, those who 
oppose the liberation of water; if 
upstream, the opposite. 

If downstream, 
those who 
favor the 
liberation of 
water; if 
upstream, the 
opposite. 

Medium power due to the fact that several 
commission members are representatives 
of these unions. Nevertheless, it is not 
rare that they act against each other in the 
seminar. 
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Actors Usual location in the 

basins 
Main pattern of 
participation in the seminar 

Usual rivals in the allocation process Usual allies in the 
allocation process 

Relative power in the allocation process 

Fishing associations On the 
reservoirs. 

Tend to oppose any 
water liberation: the 
lower the reservoir 
level, the poorer the 
water quality. This 
decreases the amount of 
fish. 

All users who press for water 
liberation. 

Vazanteiros, 
church groups, 
and 
community 
associations 
from the 
reservoir areas. 

Little power. Fishermen are poorer than 
vazanteiros and harshly exploited by 
middlemen. They lack any resource in 
terms of infrastructure. Many fishermen 
do not attend the seminar for lack of 
transportation. Technical language is also 
a strong barrier. The support of church 
groups and community associations tend 
to significantly enhance the power of this 
group. 

Industries Mainly around 
Fortaleza, and to 
a much lesser 
degree, in the 
Baixo Jaguarive 
sub-basin. Tend 
to be absent from 
the Jaguaribe-
Banabuiú 
seminar. 

Tend to fight for the 
liberation of water from 
reservoirs. 

Vazanteiros, fishery 
associations, church groups, and 
community associations from 
reservoir areas. 

All users who 
press for water 
liberation. 

High power, due to the privilege given to 
them by state law (industry ranks higher 
than agriculture for water use priorities), 
to the government’s political decision to 
privilege Fortaleza in terms of water 
availability, and to the high level of 
political articulation by its members (with 
developed infrastructure, communication 
apparatus, etc.).  

Representatives of 
COGERH 

- COGERH’s technicians 
who are members of the 
seminar tend to support 
public irrigation and the 
other actors considered 
underprivileged in the 
political process. 

Officially neutral. Officially 
neutral. 

Most powerful actor. COGERH controls 
all activities of the seminar, including the 
range of possibilities for water allocation. 
They set the tone for the technicality 
(language) of the seminar. See seminar 
activity description below. 
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Actors Usual location in the 

basins 
Main pattern of 
participation in the seminar 

Usual rivals in the allocation process Usual allies in the 
allocation process 

Relative power in the allocation process 

Representatives of 
EMATERCE 

More or less 
equally 
distributed 
around the 
valley.  

EMATERCE’s 
technicians tend to 
support public 
irrigation and the other 
actors considered 
underprivileged in the 
political process. 

Officially neutral.  Officially 
neutral. 

Medium to high power. EMATERCE’s 
technicians tend to pay more attention to 
technical details. Due to their proximity 
to small farmers and vazanteiros, they 
sometimes act in support of these. 

Representatives of 
municipal 
governments 

More or less 
equally 
distributed 
around the 
valley. 

Activities depend on 
their geographic 
location and position in 
the municipal 
government. Usually, 
representatives of the 
executive will fight for 
water supply for the 
municipality; 
representatives of the 
legislative will most 
likely fight according to 
local political interests. 

Executive: Conflicts with private 
irrigators abound. They usually 
complain about unregulated 
water usage between the 
reservoir and the municipality it 
attends when it causes water 
shortage there. Barriers in the 
river also cause problems to 
these actors, so they tend to 
press for good maintenance of 
the riverbed. Legislative: will 
defend party interests or political 
groups they are associated with. 
Baixo Jaguaribe is left wing 
oriented; others are center to 
right wing oriented. 

Executive: 
SAAEs and 
CAGECEs. 

Legislative: 
varies from 
private 
irrigators and 
companies to 
small farmers 
and 
vazanteiros. 

High power, as they have priority 
according to the law (human consumption 
is the first priority), infrastructure to 
guarantee their participation 
(transportation and communication – they 
usually offer representatives of 
disadvantaged groups help with 
transportation, if it is of their political 
interest), and a good domain of technical 
language. 
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Actors Usual location in the 

basins 
Main pattern of 
participation in the seminar 

Usual rivals in the allocation process Usual allies in the 
allocation process 

Relative power in the allocation process 

Representatives of 
groups related to the 
church 

More or less 
equally 
distributed 
around the valley 
– stronger groups 
at the Baixo and 
Médio Jaguaribe. 

Tend to act in favor of 
disadvantaged groups. 

No defined rival, but they are 
usually opposed to the privileges 
given to large landowners 
(private irrigators) and 
industries. 

Community 
associations. 

Little power, since they only have two 
seats. However, they are able to mobilize 
people and exert crowd pressure upon 
voting members. 

Community 
associations 

More or less 
equally 
distributed 
around the 
valley. 

Tend to represent and 
act in favor of 
disadvantaged groups. 
Representatives of 
communities located 
around reservoirs will 
fight for lower rates of 
liberation, and 
representatives of 
communities far from 
the reservoir will press 
for higher rates of 
liberation. 

No defined rival, but they are 
usually opposed to the privileges 
given to large landowners 
(private irrigators) and 
industries. 

Church 
groups. 

Little de juris power, since they have few 
seats. As with the church groups, the 
weight of the associations lies in their 
ability to mobilize people and exert 
crowd pressure upon voting members. 
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APPENDIX IV - SAMPLE OF THE OPERATION SIMULATION FOR THE ORÓS RESERVOIR 

 

OPERATION SIMULATION FOR THE ORÓS RESERVOIR 
FROM JULY 1ST, 2002 TO JANUARY 01, 2003 
 

MAXIMUM LEVEL: 199,50 m LEVEL OF VALVE: 169,00 m 

CAPACITY: 1.940,00 hm3 DEAD VOLUME: 16,87 hm³ 
 

SIMULATION FOR 5,0 m³/s 
 

MONTH 
Level 

(m) 

Volume 

(hm³) 
Volume 
(%) 

Evaporation 
area (m) 

Released 
flow 
(m³/s) 

Liberated 
volume (hm³)

Evaporated 
volume (hm³) 

Variation 
of level 
(m) 

Variation of 
volume 

(hm³) 

01/07/02 186,36 420,091 21,7% 0,19 5,000 13,39 10,30 -0,44 -23,70 

01/08/02 185,92 396,447 20,4% 0,22 5,000 13,39 10,68 -0,49 -24,07 

01/09/02 185,43 372,417 19,2% 0,22 5,000 12,96 10,73 -0,48 -23,69 

01/10/02 184,95 349,137 18,0% 0,24 5,000 13,39 10,38 -0,54 -23,77 

01/11/02 184,41 325,459 16,8% 0,21 5,000 12,96 9,42 -0,52 -22,38 

01/12/02 183,89 303,167 15,6% 0,21 5,000 13,39 8,34 -0,55 -21,74 

01/01/03 183,34 281,601 14,5% 1,29  79,48 59,85 -3,02 -139,35 

 

SIMULATION FOR 6,0 m³/s 

MONTH 
Level 

(m) 

Volume 

(hm³) 
Volume 
(%) 

Evaporation 
area (m) 

Released 
flow 
(m³/s) 

Liberated 
volume (hm³)

Evaporated 
volume (hm³) 

Variation 
of level 
(m) 

Variation of 
volume 

(hm³) 

01/07/02 186,36 420,091 21,7% 0,19 6,000 16,07 10,30 -0,49 -26,37 

01/08/02 185,87 393,995 20,3% 0,22 6,000 16,07 10,68 -0,54 -26,75 

01/09/02 185,33 367,513 18,9% 0,22 6,000 15,55 10,73 -0,56 -26,29 

01/10/02 184,77 341,245 17,6% 0,24 6,000 16,07 10,38 -0,60 -26,45 

01/11/02 184,17 314,934 16,2% 0,21 6,000 15,55 9,22 -0,61 -24,77 

01/12/02 183,56 290,228 15,0% 0,21 6,000 16,07 8,34 -0,63 -24,41 

01/01/03 182,93 265,816 13,7% 1,29  95,38 59,65 -3,43 -155,04 
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APPENDIX IV - CONTINUATION 
 
Volumetric variation of the Orós reservoir – from January 1981 to June 2003 
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