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ABSTRACT 
Decision-making processes in water resources management involve technical, institutional and 

stakeholder aspects. Choices for suitable locations for new small dams are no exemption in this 
respect.  
Over the last two decades plans have been made for the construction of dozens of small dams in the 
Preto River basin (PRB) in the Federal District (DF) of Brazil. These dams should improve water 
availability for irrigation purposes during seasonal water scarcity. This case is well suited to 
investigate the interaction between the role of models, institutional analysis and stakeholder analysis 
in decision-making processes.  
In the current project a water balance accounting model was being used for the first time, 
consequently many stakeholders can be involved in public participation processes. 
The requirements for locations of new small reservoirs were investigated. What has become clear is 
the fact that localized research (in addition to system research) into soil type, discharges and actual 
water use should be combined with institutional requirements. Integration of technical, institutional 
and stakeholder requirements should result in a location choice. 
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INTRODUCTION 
 
Water scarcity and droughts increasingly cause problems in semi-arid areas where irrigation is 

applied. Droughts can be defined as natural phenomena (EEA 2009), where the precipitation deficit is 
significantly higher than in a normal situation (f(area, time)). When related to irrigation water 
scarcity could be defined as an anthropogenic phenomenon, in which an overexploitation of a water 
system leads to  an imbalance between water availability and demand. 

 
Small reservoirs or small dams are hydraulic constructions used in some regions in Brazil, sub-
Saharan Africa and West Africa to improve water access in semi-arid bi-seasonal regions. Small 
reservoirs catch water, usually surface runoff, during the rainy or wet season in order to make water 
available during the dry season (Liebe 2007). They have been constructed by local governments, 
communities and on private initiative (SRP, 2007).  
 
Small reservoirs are applied as storages for small-scale irrigation purposes in the Preto River basin in 
the Federal District, Brazil. Irrigation is the main cause of groundwater overexploitation in 
agricultural areas in many semi-arid areas (EEA, 2010) and is occuring in the Preto River basin. During 
the last 30 years, local governments have initiated a decision-making process intended to start 
construction of new small reservoirs. Since the beginning of this millennium, research has been 
carried out to the technical, institutional and stakeholder environment of small reservoirs (SRP 2003). 
The evaluation showed that this policy process failed as no new reservoirs had been constructed, 
while the need for these reservoirs was generally recognized (Balasz, 2009). An increasing demand 
for irrigated crops, combined with increased durations of drought, determine the need for small 
scale water storage.  
 



The general context of this study is the impact of small reservoirs on the water balance of the Preto 
River basin. The specific purpose of this study was finding the requirements for choosing the best 
locations for new small reservoirs in the sub basin. To address this, three aspect of water 
management were taken into account: the water balance in the sub catchments, the institutional 
framework and the stakes of stakeholders involved.  

 
Figure 1 shows the elements relevant to the analysis of a water resources problem and  the design of 
solution directions. The latter will not be subject of this paper though.   

The study was carried out in a three stages approach: 
1. water balance overview on the scale of the sub catchment, indicating the water management 

requirements for choosing locations for small reservoirs 
2. overview of stakes and interest related to irrigation and small reservoirs locations in the sub 

catchment 
3. inventory of institutional aspects of application of small reservoirs 

This staged approach offered the possibility to involve stakeholders in the whole sub catchment in 
policy making. In addition, laws, policy and organisation interactions were analysed from a water 
management perspective. And finally, the efficiency of applying small reservoirs was examined based 
on the water balance. 
 

 
 
Figure 1. Research set-up 
 
In this paper, we will focus on the role of water balance accounting in the definition of requirements 
for locations of new small reservoirs (point 1). This resulted in a tool that can be used to assess the 
possible locations for new small reservoirs 
 
Materials and methods 

 
Water Balance Accounting 
The water balance in a (sub)system in a catchment area can be defined as an accounting of all water 
volumes that enter and leave a 3-dimensional space over a specified period of time (Burt, 1999). 
Even for a relatively straightforward system, interpreting information related to water supply and 
water demand is difficult. With a computational water balance accounting  program, the balance 



between a demand-side and a supply side of a water system can be represented (Lévite et al., 2003; 
Liebe et al., 2007;, Shangguan et al., 2002; SRP 2003; SRP 2007). The demand-side consists of 
parameters such as agricultural use, industrial use or personal water use. Even pollution and pricing 
mechanisms can be shared under the definition of demand. The supply side can be described 
through rivers, creeks, groundwater and reservoirs. 
 
The water balance model used in this study was the Water Evaluation and Planning (WEAP) system 
(Yates et al., 2005; Lévite et al., 2003; Liebe et al., 2007;, Shangguan et al., 2002; SRP 2003; SRP 
2007), in which geo-referenced information can be modelled into a water balance. A screenshot of 
WEAP with some symbols representing water supply and water demand is presented in Figure 2 
below: 

 
System description 

The Preto River Basin in the Federal 
District of Brazil is an area that suffers 
from periodical drought. It is 
characterized by a bi-seasonal climate 
with a dry and a rainy season.  
Most stakeholders that are active in the 
region are farmers or institutional 
parties related to agriculture and water 
management. 
 
The Preto river has a length of 378 
kilometers, and the basin’s area is 
approximately 
10500 km2, 1500 km2 of which lies 

within the area that was researched in this study (CBH-
Paracatu 2005). Other parts are located in the states of 
Minas Gerais and Goiás. 

About 80 percent of all agricultural activity in DF is carried out in this river basin. The river flows into 
an important tributary of the Sao Francisco river (the third largest river of Brazil) Within the PRB, 
over 99 percent of all water is used for irrigation purposes (Carneiro, Maldaner et al. 2007). 
Especially during the dry season, the availability of water for irrigation purposes is uncertain. 
The mean annual run-off is 25,65 m3/s, in a catchment area of 1840 km2. 
 
A typical annual runoff curve (with monthly values) for one of the tributaries to the Preto river is 
presented in Figure 3 below. In total, around 20 tributaries with a comparable curve flow into the 
Preto river in the area examined.  
 
 

 
 
Modelling small 

reservoirs in the Preto 

River Basin 
The model was applied 
in a basic scenario and 
three alternative 
scenario’s in order to 
understand the 
influence of small 

Figure 3. Typical annual runoff curve of Preto tributaries 

Figure 2. Screenshot of WEAP 
 



reservoirs on the water balance. 
 

 
1. Basic scenario: no intervention by small reservoirs in the system. This scenario represents the 

unmodified water balance 
2. Application of small reservoirs 
3. Variation in seasonal conditions (dry years and wet years) to show the efficiency of small 

reservoirs expressed in water availability 
4. Variation in the size of reservoirs to show the impacts of minor system changes 

 
To this end, the following data were incorporated in the model: 
Supply data, such as river head flows, monthly average flows, annual average flows 
Demand data, such as water use rates,  monthly irrigation, and other water demands  
Reservoirs characteristics, such as regulated discharges, volume-elevation ratio’s, seepage, 
evaporation, reservoir capacities, locations (density across the area, depending on regulated outflow 
and distance).  
The data were gained through earlier studies carried out in the tributary catchment of the Buriti 
Vermelho (Dekker and Rodrigues, 2008). Other data (concerning run-offs, planned locations and 
dimensions of the reservoirs) were provided by the Secretariat of Agriculture of the Federal District, 
Brasilia, Brazil.  
Water demand data were obtained through interviews with the water users and the data mentioned 
above. Based on these input values, the scenarios were calculated.  
Some key modeled outputs would be the extent to which water demands could be met with and 
without reservoirs, and the amount of water leaving the system. After all, the Preto river is an 
important tributary to the great Sao Francisco river. 
 
Results 

The first and most basic output of this study, was the 
establishment of a calculated water balance.  Before this 
study was carried out, a decision-making process had taken 
place related to new small reservoirs, without the 
information on the water balance. Consequently the 
influence of small reservoirs had been taken into account, 
which  is the second result of this study. 
The influence of small reservoirs based on their location 
characteristics was mapped. In order to be effective, small 
reservoirs must respect a minimal  
distance to head, and depending on the tributaries, a minimal 
distance amongst each other. Figures 4 a and 4b show the 
recharge rate (red line) when barriers respect a minimum 
distance (a) and when they are situated closer to each 
other (b). The horizontal axes show 24 months. The red 
line represents the recharge through a virtual net water 
balance (inflow-minus outflow), under the assumption 
that the reservoir has to be filled during the first season. 
The recharge rate suffers from the losses of the dam 
upstream when situated too closely. The influence as 
ensembles on the water system in terms of (seepage, 
evaporation) losses should not be underestimated.  
Finally, small reservoirs were presupposed to have a 
regulatory function (peak shaving), making available  
water during the dry season that was superfluous  

Figure 4a  normal reservoir refill 

rate (red line) 

Figure 4b reservoir refill rate 

when other reservoir is located 

nearby upstream.  



(excess water) during the rainy season. Modelled results showed no such effect.  
 
Application of this water balance model resulted in some relevant criteria for locations of new small 

reservoirs. The model interface was 
very suitable for feeding back these 
criteria to stakeholders. In order to 
improve the possibility for 
stakeholders to provide feedback, the 
model interface was adapted to this 
specific purpose. This could only be 
done for a limited number of 
locations and scenarios within the 
frame of this project. An example of a 
stakeholder-interface is provided in 
figure 5. 
 
Figure 5: model interface adapted to 
stakeholder feedback 
 

Discussion 

Modelling water balances was carried out here for supporting 
purposes of a complicated decision-making process. Having a 
water balance as input for decision-makers and stakeholders, is 
of added value for the quality of any open policy decision-
making process.  
Water balance model as a starting point is a merely one aspect 
of a truly integrative approach, though. The stakeholders and 
institutional context of a decision-making process should also be 
incorporated. However, the results of this study show, that the 
model that was used can also be used as a tool to map 

stakeholders desires and integrate them with the water balance overview. In that way, the specific 
goals of this study were met. 
Formulating general requirements by means of a water balance accounting model should be 
complemented by specific technical requirements in the future. To accomplish this, localized 
research is necessary, for which a comparative method should be designed. 
Harvesting feedback from stakeholders based on a water balance accounting model was very 
promising. The first results should be complemented with further feedback exercises. For this, the 
adapted model interface showing both model results and stakeholder criteria should be developed.  
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