
Vol.:(0123456789)

https://doi.org/10.1007/s11269-021-02870-y

1 3

Methodology for Optimizing Water Use in Shared 
Management Schemes Under Conflict Conditions

Maria Camila Alves Ramos1  · Fernando Falco Pruski2 · Tarcila Neves Generoso1 · 
Eber José de Andrade Pinto3

Received: 21 December 2020 / Accepted: 3 June 2021 
© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract
The granting of permits for the use of water resources has been legislated to ensure adequate 
access to water for all user sectors. However, this management instrument may not effectively 
perform quantitative control over the granting process, and permits for flows greater than the 
water availability may be granted and thus are not always representative of the actual abstrac-
tions. Therefore, the present study aimed to develop a methodology to optimize the use of 
water in shared management schemes under conflict conditions. The proposal is based on the 
initial evaluation of water availability conditions within a legal plan, in which the flows that 
consider all uses are associated with the annual run-of-river water availability, and, subse-
quently, for the segments where the demands are higher than the availability, on the analysis 
of water availability condition in an operational plan. At the operational level, the demands 
are characterized by the permitted flows that consider all uses except those corresponding to 
irrigation activities, which are estimated based on the flows required by the equivalent hec-
tares. In this plan, the availability is considered on a monthly run-of-river basis and with the 
presence of flow-regulation reservoirs. For the application of the proposed methodology, the 
Rio Branco basin in western Bahia State is considered. The results indicated that management 
bodies require extensive knowledge of the actual abstractions corresponding to the permits 
granted, the potentialities of considering the minimum monthly run-of-river water availability 
and potential water availability of the basin under regulated-flow conditions, changes in crop-
ping calendars and the use of deficit irrigation under conditions with conflicts over water use.

Keywords Irrigated agriculture · Water availability · Planning and management of water 
resources · Water scarcity

1 Introduction

Water is an essential element for the maintenance of human life; however, improper 
exploitation of this resource has necessitated laws and norms for regulating its use to 
ensure the sustainability of the resource while meeting the demand.
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In Brazil, one great evolution of the institutional model for water resources manage-
ment was in 1997 with the enactment of the Water Resources Management Law (Elabras 
Veiga e Magrini 2013), which established the National Water Resources Policy. This 
policy has as one of its management instruments the granting of the right to use water 
resources. According to this legislation, the granting of permits is performed to ensure 
quantitative and qualitative control of the uses of water resources and the effective exer-
cise of access rights to water resources (Brasil 1997).

Despite being enforced for more than twenty years, the process of granting of per-
mits needs to be improved. For example, limiting the maximum permissible flow for 
a permit to an annual criterion restricts water use in months of greater availability 
(Oliveira et al. 2013; Silva et al. 2015); and granted flows frequently do not represent 
the actual abstractions and thus may be underutilized or exploited beyond the amount 
granted (Piau 2016). The combination of these factors makes it difficult to implement 
an effective water management plan in river basins, especially in areas with water use 
conflicts.

In situations in which there is conflict over the use of water, one of the practices 
adopted is to consideration a single permit for all users, who then decide on how the 
water resources will be shared (Minas Gerais 2019).

Until mid-2018, approximately 67% of total flow of permits estimated for abstrac-
tions in Brazil was destined for irrigation (ANA 2019a). The use of water by agricul-
ture is often applied to adjust the total demand according to the existing water availa-
bility (HLPE 2015) since irrigation activities have considerable potential to save water 
by the adoption of rational methods of use (Castro 2012).

The global water demand for all uses will increase by 20% to 33% by 2050 (Burek 
et al. 2016). The climate change indicating that certain regions will experience changes 
in weather patterns and the increased frequency of extreme precipitation or dry spells 
(WBCDF 2014), with progressive decrease in the average annual runoff and changes 
in the seasonal and interannual variability of watercourses (Garrote  2017). In view 
of these and other issues, water management for agriculture represents a challenge 
(Pereira  2017) and the search for planning and management alternatives that have 
potential in the face of conflict situations is very important. Thus, this study aimed to 
develop a methodology to optimize the use of water in a shared management scheme 
under conflict conditions.

2  Material and Methods

The methodology for water use optimization is based on characterizing the water sup-
ply and demand conditions within legal and operational frameworks to provide a bet-
ter representation of the hydrographic conditions, with the goal of attenuating or even 
resolving existing incompatibilities.

2.1  Legal Plan

A legal plan is defined as the one in which the demand is estimated by the sum of 
granted flows that consider all the user sectors and the supply is estimated by the annual 
water availability under run-of-river conditions.
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2.1.1  Annual Run‑of‑river Water Availability

The annual run-of-river water availability represents the maximum flow that can be 
granted in a watercourse without the presence of reservoirs and corresponds to the mini-
mum reference flow in the segment, subtracted from the percentage of the remaining 
flow that must be preserved in the hydrographic region.

According to Smakhtin (2001), the minimum flows are defined as a seasonal phe-
nomenon that naturally constitutes the flow regime and are derived from groundwater 
discharge and surface storage sources.

In Brazil, generally, the variables used to characterize the minimum flow are  Q7,10 
(average minimum flow of seven consecutive days and return period of 10 years) and 
 Q90 and  Q95 (flows with permanence in time of 90% and 95%, respectively).

2.1.2  Granted Flows

The granting of permits is one of the instruments adopted by the National Water 
Resources Policy to support the management of water resources and consists of the 
administrative act by which the granting public power (union, state or federal district) 
gives the grantee (applicant) the right to use water resources for a fixed period under 
the terms and conditions expressed in the respective act (Brasil  1997). The values of 
granted flows are public domain information.

2.1.3  Analysis of Legal Conditions for Water Availability

The analysis of the legal conditions of water availability is carried out using the follow-
ing equation:

where: ΔWA = legal condition of water availability, %; Qavail_annual_ror = run-of-river water 
availability in the segment,  m3  s−1; and Qgranted = accumulated granted flow considering all 
user sectors upstream of the confluence with the next segment in the flow direction,  m3  s−1.

The term segment refers to each segment of the hydrographic region existing between 
two consecutive confluences or to the segment that extends from the source of the river 
to the confluence immediately downstream. The length of each segment depends on the 
scale of the hydrographic region considered in the study.

The values of ΔWA can be negative or positive. When the annual run-of-river water 
availability is not exceeded by the granted flow, the value is positive, indicating a bal-
ance between supply and demand, whereas the opposite conditions lead to a negative 
value and indicate the occurrence of conflict and the need to adjust the demands accord-
ing to the supply of water.

2.2  Operational Plan

The operational plan is defined as the one in which the demand is obtained by the sum of 
the granted flows that consider all uses except irrigation, for which a specific methodology 

(1)ΔWA =

(

Qavail_annual_ror − Qgranted

Qavail_annual_ror

)

100
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is considered in the estimation. In this plan, the supply is given by the monthly water avail-
ability under the run-of-river conditions and annual water availability under regulated-flow 
conditions. Although there is a legal criterion referring to the regulation, it was included in 
the operational plan because it is not the reference base for the granted permits considered 
in the present study.

2.2.1  Monthly Run‑of‑river Water Availability

A variety of hydrological regimes are observed in Brazil, with some of the regions present-
ing a seasonality of natural flows, in which the flows are lower at certain times of the year 
and higher during rainy months (Pessoa Filho 2013).

Although estimates of minimum flows traditionally involve the use of all available data, 
data collected over shorter time intervals, such as months or groups of months, may be 
adopted (WMO 2008).

A study analysed the use of different criteria for granting the right to use water resources 
based on six segments of the Paracatu basin hydrographic region and showed that the 
change from an annual basis to a monthly basis and considering the criterion of 30% of 
 Q7,10 would lead to an increase in the permissible permitted volume between 91.0% and 
168.6% (Bof et al. 2012). Thus, considering a monthly criterion can be an excellent option 
to improve water use to reduce conflicts among users (Pruski et al. 2014).

2.2.2  Potential Water Availability

In situations where the run-of-river water availability is not sufficient to meet the demand, 
then the alternative is to exploit the potential water availability of the basin, which can be 
achieved through flow-regulation techniques.

Regulated flow is defined as the amount of water that a reservoir can provide with a cer-
tain safety based on a period of data of the historical series of tributary flows (ANA 2005). 
From a theoretical perspective, the highest flow that can be regulated is the average flow 
(Almeida et al. 2014).

In a study of the Paracatu Basin, Ribeiro, Ramos and Pruski (2018) obtained variations 
from 3.7 to 10.0 for the relationship between  Qmlt and  Q7,10 according to availability incre-
ments of 531% to 1,795%.

According to Nunes (2013), the increase in water availability through the implementa-
tion of flow-regulation structures can increase the efficiency of meeting water use demands.

2.2.3  Flow Required By Irrigation

The flow required by irrigation is estimated from the equation described below and consid-
ers the unit flow required by the equivalent hectare:

where: Qi = flow required by irrigation accumulated upstream of the confluence with the 
next segment in the flow direction,  m3  s−1; queh = unit flow required by the equivalent 
hectare, L  s−1  ha−1; A = irrigated area in the drainage area of each segment of the hydro-
graphic region, ha; and Fp = pumping factor.

(2)Qi =

∑

(

quehFp

1000
A

)
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where: NHoff = number of pumping hours during off-peak time. The base value consid-
ered is described in the ordinance of the permits.

The equivalent hectare was proposed by Ramos (2020) and is based on a weighted aver-
age that considers the occupied areas and the unit flows of the main irrigated crops, which 
contain information on cropping calendars and local climate.

2.2.4  Analysis of Water Availability Operational Condition

The analysis of the operational condition of water availability is performed especially 
in situations where the sum of flows granted considering all user sectors exceeds the annual 
water availability under run-of-river conditions. Its application requires a joint analysis of 
the demands of all users involved; thus, it is based on a shared use of all water availability 
upstream of the segment of interest.

The shared use is based on the granting of a single permit for the users involved in con-
flict situations and maintaining flows destined for the priority uses recommended by the 
legislation and an agreement among the other users.

2.3  Case study: Branco River basin

2.3.1  Study Area Characterization

The Branco River basin is located in western Bahia state between the geographic coordi-
nates 11° 21′ 28.54″ and 12° 8′ 1.50″ S latitude and 44° 54′ 55.53″ and 46° 21′ 13.34″ W 
longitude (Fig. 1). The region has a tropical climate, type Aw, according to Köppen’s clas-
sification, with dry winters and rainy summers (Gaspar, 2006).

The western region of Bahia State has stood out as one of the main agricultural fron-
tiers of the country. The favourable topography associated with the adoption of agricultural 
production practices based on the intensive use of inputs and implementation of irrigation 
projects allowed for the expansion of large plantations in the region (Passos et al. 2010).

According to Gaspar (2006), an increasing number of permits have been granted in the 
western region of Bahia in recent years. The author showed that from 2003 to 2006, sur-
face water and groundwater permits increased by 76% and 125%, respectively.

2.3.2  Water Availability

The annual run-of-river water availability in the Branco River basin was characterized by 
80% of the minimum flow associated with a permanence of 90% in time  (Q90), and it was 
considered the reference flow used to grant permits under these conditions by the legisla-
tion of Bahia State, where the basin is located. Potential water availability was character-
ized by 80% of the mean long-term flow  (Qmlt).

Q90 and  Qmlt were obtained by the regionalization equations available in SIHBA-Oeste 
software (Sousa, 2018) and presented in Table 1.

The monthly run-of-river water availability was estimated by the product of the annual 
water availability considered by the seasonality ratio obtained by Ribeiro (2020) (Table 2). 
This ratio corresponds to the lower confidence interval (confidence level of 95%) of the 

(3)Fp =
24

NHoff
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values of the ratio between the minimum monthly and annual flows of the stream gauge 
stations of the hydrologically homogeneous region in the Rio Grande basin considered for 
the study of flow regionalization on an annual basis.

2.3.3  Survey of Granted Flows

The studied river area is a state domain; thus, the permits were surveyed based on infor-
mation provided by the State Institute of Environment and Water Resources (Inema) 
and the State Register (SR). All valid and recently expired permits were considered, 
and they were counted until August 2018. The spatial distribution of the permits was 
determined according to the geographic coordinates and datum provided, and for those 
that did not have this last piece of information, the official geodesic reference system of 
the country, SIRGAS 2000, was considered. In the absence of units for the flow value, 
the pattern of the others was adopted, which corresponded to  m3  day−1. Permits granted 
under regulated-flow conditions were not considered, and there was no differentiated 

Table 1  Equations used for the 
regionalization of  Q90 and Qmlt in 
the study area

Peq750 is the flow equivalent to the precipitated volume less the pre-
cipitation abstraction factor of 750 mm used to form the flows. Source: 
Adapted from Sousa (2018)

Equation

Q90 Q90 = 0.4674Peq750
0.9284

Qmlt Qml t = 0.6759Peq750
0.9288

Fig. 1  Geographical location of the Branco River basin
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treatment with respect to the source of abstraction. According to ANA (2005), the 
abstraction of groundwater at a certain point implies a lower contribution of the aquifer 
to the river and, consequently, a reduction of available water in the latter.

The association of permits with hydrographic segments was performed considering 
the sum of all permits in the drainage areas corresponding to each segment of the hydro-
graphic region.

2.3.4  Flow Required By Irrigation

The unit flow required by irrigation in the equivalent hectares was obtained from Ramos 
(2020) and multiplied by the irrigated area estimated from ANA (2019b). The associa-
tion of the irrigated area to a given drainage area is based on the location of the centroid 
of each centre pivot. This criterion is adopted as an alternative to the process of iden-
tifying the effective abstraction point of each irrigated area because of the complexity 
of executing such an identification on the hydrographic basin scale. Furthermore, the 
differentiation of irrigated area in relation to abstraction source is not considered; there-
fore, the total is counted as coming from the surface water availability.

3  Results and Discussion

3.1  Analysis of the Legal Condition of Water Availability

Figure 2 presents the legal condition of water availability, which is estimated based on 
the sum of flows granted considering all user sectors and the annual water availability 
under run-of-river conditions. Because the variations in flow granted over months are 
not significant in the region and most of permits report a fixed demand, the results were 
only presented for the month of May, which is the most critical in terms of demands. In 
the figure, continuous and dashed lines differentiate the parts of the hydrographic region 
where ∆WA is positive and negative, respectively, and the numbers along the hydro-
graphic region represent identifying codes for each segment.

Approximately 77.6% of the hydrographic segments of the Branco River basin have 
positive values for ∆WA, that is, considering all user sectors, the sum of granted flows 
is lower than the annual water availability under run-of-river conditions. Moreover, 
100% availability is estimated in half of the positive segments and over 90% availability 
is estimated in approximately 73% of these segments.

Table 2  Seasonality ratio

Source: Adapted from Ribeiro (2020)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1.2 1.3 1.2 1.2 1.1 1.0 1.0 0.9 0.9 0.9 1.0 1.2
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Although the individual segment evaluations indicate a significant potential for increased 
water use in the basin, a global analysis demonstrates that certain segments at downstream 
positions, where many areas do not have permits, exceed the potential for water use based on 
annual water availability under run-of-river conditions, which implies that up to the mouth 
of the Branco River basin, a balance between supply and demand has not been achieved. 
This fact highlights the real need for granting water use based not only on the reference flow 
that can be granted in the segment of interest but also on the permits already granted at the 
upstream and downstream positions.

Moreira et al. (2012) state that management bodies often do not comply with the per-
missible limits for granting a grant, which occurs due to the lack of adequate tools manage-
ment of the issued grants.

Of the approximately 22.4% of the segments in which ∆WA is negative, the annual 
water availability under run-of-river conditions exceeded 271.6% in 6.7% and was lower 
than 18.8% in 46.7%. Almeida et al. (2014) evidenced that there are segments with granted 
flows above 80% of  Q90 and  Qmlt in the Branco river, which are a concern for the mainte-
nance of water resources in the basin.

The permit data indicate that the segments showing abstractions for irrigation corre-
spond to more than 92% of the flow granted, with variations from 65.9% to 100%, which 
indicates a significant participation of the sector in local demands.

3.2  Analysis of the Operational Condition of Water Availability

In this study, two conflicting segments of the Branco River basin were analysed: 762447 
and 7624111, which represent different levels of incompatibility between supply and 
demand. The lines connecting the markers in all graphs presented below were only used to 
facilitate the visualization of flow variations over time and do not indicate continuity of the 
values.

Fig. 2  Representation of the legal condition of water availability in the Branco River basin
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Figure 3 present the annual distribution of the flows in the hydrographic region (mini-
mum annual flow, mean long-term flow, annual run-of-river water availability, annual 
water availability under regulated-flow conditions, and monthly run-of-river water avail-
ability) and demand (flows required for irrigation and granted flows accumulated up to the 
confluence with the next segment in the flow direction) for each segment under conflict 
conditions. Although no distinction was made regarding the source of abstractions of the 
permits (surface water or ground water), these are presented separately. In addition, a dis-
tinction between water uses is also presented to allow a better comparison of the flows 
required by irrigation and permits granted for this purpose. Permits with incomplete infor-
mation regarding the type of use and/or source of abstraction were allocated separately.

Figure 3a shows segment 7624111, which is located at the mouth of the Branco River 
basin. According to the ∆WA results, for the legal plan, an 8.2% exceedance of the annual 
run-of-river water availability occurs at this position. In May, the approximation is fairly 
accurate between the flow required by irrigation and the sum of the flows granted for the 
same use, which is only 3.1% higher. In the other months of the year, however, the rep-
resentativeness of the flows granted relative to the actual abstractions decreases signifi-
cantly, with the granted flows approximately 931.1% higher than the actual abstractions. 
The demand for irrigation has great seasonal variability due to the various growth stages 
of different crops (Wada et al. 2016) or variations in climatic conditions (Rodriguez et al. 
2006), which together demonstrate the importance of requesting seasonal permits because 
a large amount of water resources could be allocated to other users.

In the month of maximum demand, the flows granted approximate those required by 
irrigation; however, the analysis of the unit flows granted in the basin indicates that the 
permitted flows exceed the required unit flows estimated for all rotations. This fact was not 
reflected in the sum of the flows granted because the irrigated areas reported in the per-
mits corresponded to approximately 79.8% of those considered for estimating the required 
flows.

Requesting permits for flows up to the value of the maximum potential demand is 
justifiable because the authorization is valid for several crop seasons and irrigators must 
retain some flexibility for possible changes in crops. According to Piau (2016), estimat-
ing water availability by considering the permits granted may differ considerably from the 
actual water availability because certain users may not use any water resources and others 
may abstract more than what is authorized. In addition, this author highlights the need for 
the management body to have control not only over the permits but also over the actual 
abstractions.

The application of the operational plan associated with shared use is in line with this 
idea because it favours a better use of water through more active participation of users in 
the planning of available flow allocation.

Considering the minimum monthly flows in May, which has higher water demand, it is 
possible to meet the demand corresponding to the sum of the flows required by irrigation 
and those granted for other uses upstream of the segment. This fact corroborates the results 
found by Silva (2014) for the Entre Ribeiros River basin, in which the higher demand by 
irrigation does not necessarily coincide with the period of lower availability.

As the dry period approaches, water availability is reduced in the hydrographic region 
and a small exceedance of the flows required by irrigation occurs in September. Neverthe-
less, a global analysis indicated that sufficient water resources were available to meet the 
existing demands in the Branco River basin. Despite the restrictions for the months of May, 
August and especially September, an increase in new demand is possible. However, it is 
important to point out that changes at any position of the basin have a direct impact on 
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the mouth; therefore, the restrictions for the current agricultural plan regarding the months 
mentioned above are valid for all segments upstream.

Although the criterion of monthly water availability characterizes the worsening of the 
conflict in relation to the demands in some months, the consideration of a characteristic 
flow of the dry period for the whole year does not represent the actual condition of the 
hydrographic region since it is restrictive to use in certain months and does not favour the 
use of water and is too permissible in others months, thus creating a false expectation of 
supply and risks of shortage. This condition, according to Ramos et al. (2017) and Ribeiro 
et al. (2019), guarantees a better plan for water use.

Figure 3b shows the condition of segment 762447, which is located at a headwater posi-
tion in the northwest portion of the Branco River basin. According to the result presented 
for ΔWA , which was estimated based on the legal criterion, at this position, the annual run-
of-river water availability is exceeded by 167.5%.

A comparison of the flows granted and those required by irrigation in this segment 
showed that the former is at least 1.9 times greater, which characterizes a severe incompat-
ibility of demand in relation to the annual run-of-river water availability. The flows granted 
at this position exceed even the mean long-term annual flow.

Although considering the monthly run-of-river water availability also allows for the 
expansion of water use for the months of highest water availability, this situation is more 
serious than that shown for the previous segment due to the greater incompatibility in Sep-
tember and the emergence of other incompatibilities associated with the months of May, 
June, July and August.

In the face of a situation of conflict over water use, reducing the irrigated area is an 
option when the intention is to reduce the flows required; however, its adoption implies a 
reduction in the production corresponding to that area, which may cause negative socio-
economic impacts. In this context, some measures can be evaluated by irrigators seeking 
an adequate supply for crops according to the demand, such as the rescheduling of crop-
ping calendars, the adoption of deficit irrigation, and increments in water availability, such 
as flow regulation.

Figure 4 shows the unit flows required by irrigating the crop rotations and the equivalent 
hectare obtained by Ramos (2020) for segment 762447. The figure also shows the cultiva-
tion calendars considered for each of the four rotations and the percentage of area occupied 
by each rotation in relation to the total irrigated area in the region.

Rotations II and III account for the highest percentages in relation to the total irrigated 
area, and these same rotations are characterized by high unit flows required in the months 
in which the demand exceeds the availability. Rotation I, despite being characterized by a 
lower percentage of occupied area than II and III, has the highest unit flows for May.

Based on these data, we sought to evaluate the impact of two changes in sowing dates to 
reduce the demands in the months of conflict. For this evaluation, factors associated with 
phytosanitary measures were not considered.

Modification 1: one-month advance in the sowing of all crops related to rotations II 
and III.

Modification 2: one-month delay in the sowing of cotton in rotation I.

3170 M. C. A. Ramos et al.
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Fig. 3  Representation of the distribution of water availabilities and demands throughout the year in seg-
ments 7624111 (a) 762447 (b)
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The analysis of the modifications reveals that the original calendar is the most efficient 
in terms of water use since the changes in sowing dates promote not only the displace-
ment of demand peaks but also their elevation in conflicting months. In modification 1, this 
displacement occurs because the demands associated with maize and beans in the inter-
mediate growth stage of the maximum crop coefficient in the cycle are transferred from 
August to July. Although the latter does not have a higher evapotranspiration rate than the 
following months, the presence of cotton in the irrigated area causes the unit flow of the 
equivalent hectares to be higher than that of September. In modification 2, the demand of 
cotton at the final growth stage is transferred from July to August, which has the highest 
evapotranspiration rate.
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Fig. 4  Representation of the distribution of unit flows required to irrigate the rotations in the equivalent 
hectares throughout the year in segment 762447 (a), the characterization of the cultivation calendars associ-
ated with the growth phase of each crop of interest in the region (b) and the percentage of each rotation in 
relation to the total irrigated area in the region (c)
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Another alternative technique under conditions of restriction in water supply is the 
application of deficit irrigation, which consists of the application of an amount of water 
lower than that of evapotranspiration (Fereres and Soriano  2007). According Pereira 
(2017), the advances in estimating crop water and irrigation requirements are among the 
basic conditions for achieving food and nutritional security.

In the analysis of the percentage deficit of the flow required by irrigation in relation to 
the minimum monthly flow in Sect. 762447, variations of approximately 5% to 25% are 
observed for the months of lesser and greater conflict, respectively. These values indicate 
the order of magnitude of the reductions in water demand necessary for the compatibility 
of demands on monthly water availability in run-of-river conditions.

In the first half of the year, the need to apply deficit irrigation for the study area would 
be associated with reductions in water depths during the intermediate growth stages of cot-
ton and maize, and in the second half of the year, it would be associated with the develop-
ment and intermediate stages of maize and intermediate and final stages of beans. In both 
periods, it is also necessary to reduce the water depth for coffee crops.

It is important to highlight that the application of deficit irrigation to reduce water con-
sumption should be performed based on plant physiology, which define different responses 
to reduce the irrigation depths based on each crop, which has a direct impact on produc-
tion. In addition, soil salinity also needs to be considered for deficit application (Du et al. 
2015).

Several studies in the literature prove the advantages associated with the application 
of deficit irrigation. English (1990) and Fereres and Soriano (2007) described the generic 
behaviour of crop yield as a function of the amount of water applied, which has an initially 
linear and then curvilinear relationship, thus demonstrating that water use becomes less 
efficient as the value approaches the total irrigation depth. Capurro et al. (2017) studied the 
application of deficit irrigation in soybean in Uruguay and concluded that it was possible to 
reduce the water volume by 22% compared to the total water demand during the crop cycle 
without reducing the final yield. Chuanjie et al. (2015) evaluated the application of deficits 
in cotton crops in an arid region in northwestern China and found losses below 10% for 
reductions of evapotranspiration of 15% and 30%, which was considered acceptable given 
the benefit of water savings in the region. Seid and Narayanan (2015) conducted an experi-
ment in Ethiopia and observed that the application of 100% and 85% crop evapotranspira-
tion caused no significant difference in maize yield.

According to Silva (2014), certain situations exist in which even the consideration 
of variations in the monthly run-of-river water availability is not sufficient to meet the 
demand; thus, water must be stored in reservoirs. The variation in availability and demand 
throughout the year allows for the accumulation of a considerable surplus in periods of low 
consumption, and this supply can be utilized in short periods of deficit. Water abstraction 
in reservoirs is one of the main alternatives for addressing the variability in water supply 
and demand (Deng et al. 2020).

In a study conducted for the Entre Ribeiros River basin, Oliveira (2011) observed that 
even when using the criterion of 50% of the monthly  Q7,10 to meet the granted flows, it 
would be necessary to build flow-regulation structures in several segments of the hydro-
graphic region.

Thus, a third alternative to adjusting the demands in segment 762447 would be water stor-
age, and Fig. 3 shows that the volume corresponding to the excess flow of a few months pre-
ceding the deficit would be sufficient.
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According to Hamada (2017), half of the large reservoirs in the world were built exclu-
sively or mainly for irrigation, and approximately 30 to 40% of the 268 million hectares of 
irrigated land worldwide depend on dams.

4  Conclusions

The proposed methodology allowed for a more realistic characterization of the demand con-
ditions and water availability of the basin and could promote a joint assessment of potential 
measures for implementation during conflict conditions. Considering different possibilities of 
water use conflict mitigation represents an important step because water supply tends to be 
reduced under increases in demand and with climate change.

The application of the legal and operational plans showed the need to evaluate the condi-
tions under which the management system operates and the conditions that characterize the 
river basins. The operational plan allows for the joint analysis of the various scenarios of water 
use and has the potential to avoid situations in which the granted flow is many times greater 
because it is based on a much more judicious knowledge of both the availability and demand.

The methodology is especially aimed at rural basins, where water is primarily used for 
irrigation; however, urban basins can also benefit from conflict mitigation by considering the 
seasonality of flows and water storage in regularization structures.

This study highlights the need for managing water resources segment by segment in a 
hydrographic region to prevent problems that may generate risks of shortages in the future, 
which is not advantageous for the environment, water managers and water users in general.
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