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ABSTRACT

Climate changes can have different impacts on water resources. Strategies to adapt to climate changes depend on impact studies. In this 
context, this study aimed to estimate the impact that changes in precipitation, projected by Global Circulation Models (GCMs) in the 
fifth report by the Intergovernmental Panel on Climate Change (IPCC-AR5) may cause on reservoir yield (Q90) of  large reservoirs 
(Castanhão and Banabuiú), located in the Jaguaribe River Basin, Ceará. The rainfall data are from 20 GCMs using two greenhouse 
gas scenarios (RCP4.5 and RCP8.5). The precipitation projections were used as input data for the rainfall-runoff  model (SMAP) and, 
after the reservoirs’ inflow generation, the reservoir yields were simulated in the AcquaNet model, for the time periods of  2040-2069 
and 2070-2099. The results were analyzed and presented a great divergence, in sign (increase or decrease) and in the magnitude of  
change of  Q90. However, most Q90 projections indicated reduction in both reservoirs, for the two periods, especially at the end of  
the 21th century.

Keywords: CMIP5; Reservoir yield; Coupling models.

RESUMO

As mudanças climáticas devem causar diversos impactos nos recursos hídricos. As estratégias de adaptação às alterações previstas no 
clima dependem de estudos de impactos. Nesse contexto, esse trabalho tem como objetivo estimar os impactos que as alterações na 
precipitação, projetada pelos Modelos de Circulação Global (MCGs) do quinto relatório do Painel Intergovernamental de Mudanças 
Climáticas (IPCC-AR5), podem causar nas vazões regularizadas (Q90) de dois grandes reservatórios (Castanhão e Banabuiú) localizados 
bacia do Rio Jaguaribe, Ceará. Os dados de precipitação são provenientes de 20 MCGs em dois cenários de emissão de gases de efeito 
estufa (RCP4.5 e RCP8.5). As projeções de precipitação alimentaram um modelo chuva-vazão (SMAP) e posteriormente, após a geração 
das séries de vazões afluentes aos reservatórios, foram simuladas as vazões regularizadas pelos reservatórios no modelo AcquaNet para 
os períodos de 2040-2069 e 2070-2099. Os resultados foram comparados entre si e indicaram grandes divergências tanto quanto ao 
sinal (acréscimo ou redução) como quanto à magnitude da mudança na vazão regularizada. Entretanto, a maioria das projeções indica 
redução da Q90 nos reservatórios para os dois períodos, principalmente para o final do século.

Palavras-chave: CMIP5; Vazão regularizada; Acoplamento de modelos.
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INTRODUCTION

Climate changes can have impacts on various fields. In water 
resources, changes should occur in patterns of  extreme events, 
in river flows, in evaporation rates and, consequently, in reservoir 
yields (IPCC, 2014).

Semiarid regions, such as Brazilian Northeast, where 
problems are caused by relatively scarce water, are considered the 
most vulnerable to the impacts of  climate changes (MARENGO, 
2009). In these regions, the presence of  surface reservoirs is an 
essential condition to obtain water supplies (CAMPOS et al., 2003).

The most precise estimate of  reservoir natural inflows and 
their yields provides various benefits; the main is planning water 
allocations, especially in a period of  water rationing or scarcity. 
In Brazil, the determination of  the amount of  water to be allocated 
per user depends on grants (ANA, 2013). Grants are based on a 
reference yield (generally Q90) which assumes statistical stationarity 
of  the hydrological series (MILLY et al., 2008).

In climate change scenarios, the reservoir inflows and their 
capacity for regulation will probably undergo great changes and 
may render the assumption of  stationarity invalid. (BRAVO et al., 
2013; MONTENEGRO; RAGAB, 2012; VAN VLIET  et  al., 
2013; LÓPEZ-MORENO et al., 2014). Changes in hydrological 
processes and in water resources systems are consequences of  
the changes projected for climate variables such as precipitation 
and temperature. The first variable is directly associated with 
basin runoff, while the second is related to the evaporation rates 
in the reservoirs.

In order to deal with the projected impacts of  climate 
changes on water resources, the management system must adopt 
strategies for adaptation (OLMSTEAD, 2014). The measures 
to adapt the water resources system to climate change impacts 
usually combine investments in infrastructure (hard strategies) 
and changes of  policies and economic incentives, changes in 
cultural patterns or patterns of  production and consumption 
(soft strategies) (BATES et al., 2008; GLEICK, 2003).

The Brazilian Panel on Climate Changes (PBMC - Painel 
Brasileiro de Mudanças Climáticas) (PBMC, 2014) makes several 
recommendations for the use of  measures to adapt the water 
resources system to the projected changes. The purpose of  
adopting these measures is to increase the response capacity and 
reduce the vulnerability of  populations and ecosystems.

Independent of  adaptive measures to be adopted, there is a 
need to anticipate possibilities to define actions. Studies of  climate 
processes needed to anticipate the management actions in water 
resources, are generally based on the results of  Global Climate 
Models (GCMs). The GCMs simulate the planet’s current climate, 
known as the baseline scenario and project future changes based 
on greenhouse gas emission scenarios which are related to social, 
economic and technological development, besides population 
growth, political actions, etc.

In this study, the impacts of  recent climate change scenarios 
of  the Intergovernmental Panel on Climate Changes– IPCC 
(IPCC, 2014) on the yields of  large reservoirs in Ceará for future 
periods are evaluated. Two reservoirs located in the Jaguaribe River 
Basin – Castanhão and Banabuiú - were chosen. These two, which 
operate in parallel, are the most downstream reservoirs located 

in the basin and are responsible for the perenialization of  the 
Jaguaribe and Banabuiú valleys.

Climate change scenarios and uncertainties

Climate change scenarios are usually generated based on 
Global Climate Models (GCMs) and their spatial resolution may 
be adjusted using the downscaling technique to provide an input to 
the impact studies (WILBY; WIGLEY, 1997; PIELKE Sr; WILBY, 
2012). In water resources, the hydrological models generally use 
the results of  the GCMs or of  the Regional Circulation Models 
(RCM) as input data.

The outputs of  the hydrological models, in turn, are used 
for studies on reservoir operation, crop irrigation, flood and 
drought forecasts, and other purposes (e.g. ADAM et al., 2015; 
CHIEN; YEH; KNOUFT, 2013; WATTS et al., 2011).

The GCMs simulate climate behavior worldwide based on 
specific initial and boundary conditions that represent possible 
futures in the atmospheric composition (MOSS et al., 2008). Often 
the bias of  the GCMs is corrected using different techniques 
(EHRET et al., 2012). Currently the GCMs most used for studies of  
climate change impacts are those that appear in the IPCC reports.

The Coupled Model Intercomparison Project Phase 5 – 
CMIP5 models (TAYLOR; STOUFFER; MEEHL, 2012) are 
examples of  recent models that made up the the fifth report of  
IPCC (IPCC, 2013). The Greenhouse Gas (GHG) concentrations 
used as input data in the GCMs of  the CMIP5 are represented 
in the so called Representative Concentration Pathways (RCPs) (VAN 
VUUREN et al., 2011). The GCMs create projections of  different 
climate variables, such as precipitation and temperature (Figure 1), 
based on the RCPs.

Figure 1. Global temperature increase used in IPCC-AR5 presented 
by the RCPs. The values in parentheses represent the number of  
GCMs. Source: Knutti and Sedlácek (2013).
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The RCPs contain representations of  scenarios of  more 
intense (RCP8.5), moderate (RCP6 and RCP4.5) and low (RCP2.6) 
GHG emissions. The RCPs are numbered according to the 
possible values that radioactive forcings (W.m-2) may take on in 
2100 compared to the pre-industrial period.

The CMIP5 models show great advances over those of  
CMIP3, whose results were used to make up the IPCCs fourth report 
(AR4) on climate changes (MEEHL et al., 2007). The advances in 
CMIP5 include mainly a great number of  models, more complex 
models and with high resolution, a better representation of  the 
external forcings and other kinds of  scenarios, including, explicitly, 
the GHG emission mitigation policies (TAYLOR; STOUFFER; 
MEEHL, 2012; SILLMANN et al., 2013).

Despite recent advances obtained using CMIP5 compared 
to CMIP3, Knutti and Sedlácek (2013) remark that the results 
obtained by the GCMs of  CMIP5, extraordinarily do not 
present significant changes in the projections of  temperature and 
precipitation considering the different scenarios on the global 
scale and compared to the GCMs of  CMIP3.

For South America, Torres and Marengo (2013, 2014) 
evaluated the uncertainties in the projections of  temperature 
and precipitation and the hotspots generated by the different 
GCMs present in CMIP3 and CMIP5 for the future climate, 
especially for the period of  2071-2100 compared to the 1961‑1990 
period (baseline). Forty-eight GCMs and scenarios SRES B1, 
A1B and A2 (CMIP3) and RCP 2.6, 4.5, 6.0 and 8.5 (CMIP5) 
were used. The methods used to evaluate the uncertainties were: 
REA - Reliability Ensemble Averaging, modified REA and Bayesian 
inference (GIORGI; MEARNS, 2002; TEBALDI et al., 2005). 
The simulations of  the current climate (1961-1990), both with 
the CMIP3 and CMIP5 models, were a good representation of  
the basic climate aspects. However, the simulations coming from 
CMIP5 remained closer to the historical climate observed. As to 
future projections, the temperature increase proved greater than the 
interval of  associated uncertainty for all of  South America in the 
different periods, scenarios and ensembles of  models, indicating 
high reliability of  the projections. In the more intense radioactive 
forcings (A2 and RCP8.5) the probability that the temperature 
would exceed 2 °C in the 2071-2100 period was greater than 
90% for all of  South America. On the other hand, the methods 
for the evaluation of  the uncertainty of  precipitation were not 
different from the arithmetic average of  the GCMs. The intervals 
of  uncertainties of  precipitation presented magnitudes that were 
equal to or greater than the changes projected by the models of  
CMIP3 and CMIP5, thus indicating low reliability of  the GCM 
responses to represent future precipitation.

Silveira (2014), aiming to elaborate a planning system 
with multiple time and space scales, evaluated the tendency for 
change in precipitation and flow for the 21st century from the 
data supplied by the GCMs of  CMIP5, in scenarios RCP4.5 and 
RCP8.5, for catchments of  the Brazilian electricity sector and 
those of  the Jaguaribe-Metropolitano system in the state of  Ceará. 
The hydrological model used was SMAP (LOPES; BRAGA JUNIOR; 
CONEJO, 1981) with the bias of  monthly precipitation corrected 
by a probability distribution function. Although the CMIP5 models 
are good representations of  the seasonal precipitation patterns, 
with a high correlation with the historical values observed, there 

are divergences among the models regarding the future of  rains 
in the different regions of  the electricity sector.

Regarding the flows in the electricity sector, scenario 
RCP4.5 does not present a significant tendency in most of  the 
catchments evaluated. On the other hand in RCP8.5 (a scenario 
with high GHG emissions), they show a tendency to changes in 
several basins, especially in the North region of  Brazil, indicating 
the possibility of  significant climate changes. In RCP8.5 and in 
the North sector, most of  the models signal a negative tendency 
indicating the reduction of  mean annual flows, especially at 
Belo Monte, In the Northeast sector for scenarios RCP4.5 and 
RCP8.5, the models presented differences in the catchment of  
the hydropower plant of  Xingó, located on São Francisco River, 
showing great uncertainties in this basin for the 21st century.

The tendencies to changes in the mean annual flows in 
the basins of  the Jaguaribe-Metropolitano system in the state of  
Ceará (basins of  the Orós, Castanhão, Banabuiú, Pacoti-Riachão) 
for the 21st century, compared to the 1950-1999 period, presented 
great differences for scenarios RCP4.5 (10 GCMs) and RCP8.5 
(14 GCMs). Despite the discrepancies, most of  the models indicate 
a reduction of  the mean annual flows in all the basins for the 
21st century (SILVEIRA et al., 2014).

In the Castanhão reservoir basin for scenario RCP4.5, 
except for two GCMs, the results show that the flows must be 
reduced by at least 20% in all periods. On the other hand, in the 
RCP8.5 scenario, most of  the GCMs also indicate a reduction in 
the mean flows. The reduction of  flows in the two GHG scenarios 
analyzed is sometimes greater than 50% and close to 100% in the 
2040-2069 and 2070-2099 periods for some GCMs. Nevertheless, 
two GCMs (IPSL-CM5A-LR and IPSL-CM5A-MR) presented an 
increase of  up to 200% in the mean inflows of  the two scenarios 
for the 21st century.

In the Banabuiú reservoir basin most of  the models also 
indicated a reduction of  flows in both scenarios. For the period 
of  2010-2039, in scenarios RCP4.5 and RCP8.5, the reduction 
must be at least 10% and 5%, respectively. In scenario RCP8.5 
the reduction ranged between 5% and 65% (2010-2039), 5% 
and 75% (2040-2069) and 5% and 90% (2070-2098). The GCMs 
“IPSL-CM5A-LR” and “IPSL-CM5A-MR”, as in the Castanhão 
basin, also signaled a large increase in the mean flows in the two 
scenarios for the 21st century in the Banabuiú basin.

The recent results obtained by Knutti and Sedlácek (2013) 
on a global scale, Torres and Marengo (2013, 2014) for South 
America, and Silveira (2014) for the catchments of  the electric 
sector and Ceará, show that the uncertainties involved in climate 
and hydrological projection are still high. From the physical 
standpoint, the uncertainties are associated mainly with the natural 
variability of  the climate system, the trajectories or paths that can 
be followed by GHG emissions and aerosols, besides the response 
of  the global climate system to the different concentrations of  
GHG. As to the modeling process, the uncertainties are related to 
the structure of  the models (be they climatic or hydrological), the 
downscaling technique used (dynamic or statistical), spatial scale 
(global, regional or catchment), and temporal (years, decades or 
century), among others (KNUTTI; SEDLÁCEK, 2013; PIELKE 
Sr; WILBY, 2012).
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Even with the advances in the GCMs from CMIP3 to 
CMIP5 in the concept of  the GHG scenarios and increase of  
spatial resolution, the uncertainties are still one of  the greatest 
challenges for impact studies, notably in water resources. The use 
of  multiple models (such as those of  CMIP3 and CMIP5) is an 
alternative to understand the uncertainties and become acquainted 
with the sign of  projected change (addition or reduction), by most 
of  the climate models (KNUTTI, 2010).

Quality in the projection of  flow by a hydrological model 
depends on the quality of  the responses of  the atmospheric 
models in forecasting the climate variables, especially precipitation. 
Acknowledging that the responses of  the atmospheric model 
influence flow simulation on a catchment scale, many studies evaluate 
the predictive capacity of  different GCMs and MCRs from the 
perspective of  hydrological modeling (e.g., MARKSTROM et al., 
2012; DANKERS et al., 2013; SCHEWE et al., 2013).

Any decision-making in water resources to adapt to the 
context of  climate changes must consider the uncertainties 
involved (SIGEL et al., 2010). These uncertainties may possibly 
be minimized by increasing the spatial and temporal resolution of  
the climate models and the use of  high performance computers 
(SHUKLA et al., 2009). However, the management system will still 
have to deal with the unpredictability resulting from the interaction 
of  social and ecological systems (WAGENER et al., 2010).

MATERIAL AND METHODS

Case study: Jaguaribe River-CE

Jaguaribe River lies in the state of  Ceará, Brazil. It is 633 km 
long, with a catchment of  74,000 km2, draining 81 municipalities, 
the equivalent of  about 50% of  the state territory. The catchment 
is formed by five sub-basins, the upper, middle and lower Jaguaribe 
River, Salgado River and Banabuiú River (Figure 2).

Jaguaribe is a highly regulated river basin. The three largest 
reservoirs in the State were constructed there, in terms of  storage 
capacity (K) and reservoir yield (Q90): Castanhão (K=6.7 billion m3 
and Q90=29.0 m3/s), Orós (K=1.9 billion m3 and Q90=20.4 m3/s) 
and Banabuiú (K=1.6 billion m3 and Q90=12.9 m3/s) (SRH, 
2011a, b, c). It is estimated that there are another 4,713 smaller 
reservoirs in this basin (FORMIGA-JOHNSSON; KEMPER, 
2005). The main water users are the irrigators, fish farmers, and 
water utilities. There is an aggregate demand of  the industrial 
complex in the metropolitan area of  Fortaleza, agribusiness and 
agricultural systems in ‘Canal do Trabalhador’ (PINHEIRO et al., 
2007; MARTINS et al., 2013).

The allocation of  the reservoir yields is decided at 
the end of  the first semester (usually in June) in so-called 
“negotiated allocation meetings” and “planning seminars” 
(AQUINO  et  al., 2013; SILVA; OLIVEIRA; BEZERRA, 
1996). At these meetings and seminars, simulations of  reservoir 
emptying are performed considering the stock of  water, the 
demands from the previous years, and the absence of  water 
inputs in the second semester (dry season). The long term 
water allocation is determined by grants.

Castanhão and Banabuiú reservoir yields in climate 
change scenarios

This study uses a top-down type approach (WILBY; 
DESSAI, 2010) involving the extraction of  rainfall projects from 
20 GCMs using the statistical downscaling technique (WILBY; 
WIGLEY, 1997). The rainfall scenarios of  the GCMs were used 
as input data in a rainfall-runoff  model to estimate the inflows. 
Later the scenarios of  inflows fed a reservoir model to simulate 
the reservoir yields of  Castanhão and Banabuiú reservoirs, in two 
distinct future periods (Figure 3). Although it is acknowledged 
that the flows released from Orós reservoir have an impact on the 
reservoir yields of  Castanhão, the first reservoir mentioned was 
not included in this study because these impacts are considered 
mainly associated with the definition of  operational rules that 
determine the flow to be released downstream from this reservoir.

The scenarios of  inflows to Castanhão and Banabuiú 
reservoirs are the amplified results of  Silveira et al. (2014), which 
determined the natural inflows into the four main reservoirs of  the 
Jaguaribe-Metropolitano system, including Castanhão and Banabuiú, 
for the 21st century, based on 10 GCMs for RCP4.5 and 14 GCMs 
for the RCP8.5 of  CMIP5. This study expands the number of  
GCMs to 20 (Table 1) in RCP4.5 and RCP8.5. The  RCPs, which 
are input data to the GCMs involve a large number of  variables, 
such as adoption of  technologies, land use, CO2 emission, etc. 
(VAN VUUREN et  al., 2011; MEINSHAUSEN et  al., 2011). 
The radioactive forcings of  the RCP4.5 and RCP8.5 take on the 
value of  4.5 W/m2 and 8.5 W.m–2 in the year of  2100, respectively.

Figure 2. Location of  the study area and spatial distribution of  
Castanhão, Orós and Banabuiú reservoirs in Ceará State map.
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The estimate of  changes in the reservoir inflows and yields 
were obtained by calculating the deviations from the projections 
involving the baseline scenario (Equations 1 and 2). The baseline 
scenario which is necessary to compare the changes in the 
hydrological regime and also to reduce systematic errors of  the 
models, refers to the period from 1961 to 1990.
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Where:
δafl. and δ90% - represent the variation of  the mean inflows and Q90 in 
the reservoirs, respectively, in relation to the baseline scenario (%).
Qaflu. proj. and Q90%. proj – represent the mean inflows and yields 
projected for the future based on the rainfall data of  each GCM, 
respectively (m3/s).

Qaflu. base. and Q90% base – represent the inflows and yields in the 
baseline scenario obtained from the rainfall data of  the GCMs, 
respectively (m3/s).

The hydrological model, of  the rainfall-runoff  type was the 
Soil Moisture Accounting Procedure – SMAP, which is conceptual and 
deterministic, with a concentrated structure This model is part of  
the large family of  hydrological models for the calculation of  soil 
humidity. Its structure is relatively simple and its parameters are 
related to the mean physical parameters in the basin.

The water balance in the reservoirs took into account 
only the mean inflows projected by the hydrological model on 
the monthly scale. Therefore, the losses due to future evaporation 
influenced mainly by the increase in temperature were ignored. 
The evaporation data and the physical characteristics are the values 
presented in the environmental inventory for the two reservoirs 
being studied (SRH, 2011a, c).

The model used to simulate the reservoirs was AcquaNet 
(PORTO; MÉLLO JUNIOR; ROBERTO, 2005). This model 
represents the water resources system through nodes, and these are 
volume nodes (reservoirs) and passage nodes (confluences, points 
of  diversion, points of  entry, and points of  demand) and arcs or 
links (canals, supply pipes, and natural river reaches).

Figure 4 presents the flow network elaborated in the AcquaNet 
model and used to simulate the yields of  the two reservoirs that 
are being studied. The elements “Qreg_banab” and “Qreg_cast” 
represent the water demand in the Banabuiú and Castanhão reservoirs 
respectively. Links L1 and L2 represent reaches of  the Banabuiú 
river, while L3, L4 and L5 represent the Jaguaribe river (without a 
scale). The drain at the end of  the network is an abstraction used 
in the model to represent the water that exceeds the demands that 
have greater priorities.

In AcquaNet it is possible to define a set of  priorities for 
the demands and for water storage in the reservoirs. The priorities 
vary from 1 to 99, and the lowest values have the highest priority. 
The “Qreg_banab” and “Qreg_cast” demands were simulated 
with high priorities (priority equal to 1), and the drain with a low 
priority (priority equal to 99). The reservoirs had priorities equal 
to 50. The simulations in the reservoirs were performed for yields 
with 90% guarantee (Q90), i.e., a frequency of  10% of  non-provision 
of  total demand.

Figure 3. Representation of  the methodology adopted to evaluate 
the impact of  climate changes in Q90.

Figure 4. Flow network used to simulate the reservoir yields 
of  Castanhão and Banabuiú reservoirs in the AcquaNet model.
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RESULTS AND DISCUSSION

Projections of  the reservoir inflows

The variation of  the mean inflows (δaflu.) obtained from 
the rainfall-runoff  model considering the precipitation data of  
20 GCMs of  CMIP5 presented divergences (Figure 5). There was 
less divergence in the inflows (δaflu.) for the 2040-2069 period than 
for the 2070-2099 period in both GHG emission scenarios. Hence, 
for inflows into the two reservoirs, the results are less divergent 
in the first period (2040-2069) than in the second (2070-2099). 
The divergences are associated with the representation of  the 
climate processes present in the structure of  each model and 
corroborated the divergences in the results of  the GCMs found 
by Torres and Marengo (2013, 2014), for precipitations in South 
America, and Silveira (2014) for the inflows in different basins 
of  the electricity sector and of  Ceará.

Analysis of  the variation of  mean inflows (δaflu.) for each 
reservoir shows that the change in the Castanhão presents a 
negative tendency in both periods, as can be found in most of  the 
projections (65%) that point to negative values and consequently 
median values lower than zero. On the other hand, in Banabuiú, 
the tendency, according to the median was positive or null. These 
results agree with Silveira et al. (2014) as to the tendency for the 
reduction of  inflows signaled by most of  the GCMs in Castanhão. 
However, the addition of  up to 200% in the inflows detected by 
the authors cited for GCM “IPSL-CM5A-LR”, in this study, did 
not surpass 63%. The projections of  the inflows associated with 
“GFDL-CM3” were those that presented the greatest additions, 
and could reach 71% for Banabuiú and 108% for Castanhão 
during the 2040-2069 period and RCP8.5.

In general, the diversions of  the inflows (δaflu.) increase 
with the change of  the GHG emission scenario from moderate 

(RCP4.5) to more intense (RCP8.5) and from the mid-21st century 
(2040-2069) to the end of  this century (2070-2099).

Projections of  reservoir yields

The changes in the inflows (δaflu.) to the Castanhão and 
Banabuiú reservoirs were reflected in the values of  flow diversions 
Q90 (δ90%). Figure 6 shows the changes in reservoir yields with a 
90% guarantee (δ90%) in the two reservoirs studied, considering the 
rainfall data of  the 20 GCMs in the RCP4.5 and RCP8.5 scenarios 
for the 2040-2069 and 2070-2099 periods that were used as input 
data in the hydrological model. The percentages shown in Figure 6 
represent a reduction (bars on the negative axis) or increase (bars 
on the positive axis), per period and GHG emission scenario.

The diversions of  the reservoir yields (δ90%) are very different 
from each other, both as to the sign (reduction or addition), and as 
to the magnitude of  change. Figure 6 shows that the projections 
from some models indicate a reduction greater than 60%, in the two 
reservoirs simultaneously: MPI-ESM-MR, during the 2070-2099 
period for RCP4.5 (Figure 6C), CESM1‑BGC, during the 2040‑2069 
period for RCP8.5 (Figure  6B) and BCC‑CSM1-1, during the 
2070‑2099 period and RCP8.5 (Figure 6D). “MIROC‑ESM-CHEM” 
also pointed at a reduction greater than 60%, but only for Banabuiú 
in the 2070-2099 period and RCP4.5. The reductions in Q90 greater 
than 60% originating in the data of  the GCMs “CESM1-BGC” 
and “BCC-CSM1-1” in RCP8.5 agree with the results obtained 
by Silveira et al. (2014) who identified these GCMs as those that 
project large reductions in the inflows to the two reservoirs and 
that consequently affect the yields.

The great reductions in Q90 presented in the GCMs 
mentioned, show that even though the 20 GCMs were fed the 
same information, they may have different responses, mainly due 

Table 1. GGMs of  the CMIP5 used.
GCM Modeling Center

ACCESS1-0 CSIRO (Commonwealth Scientific and Industrial Research Organisation, Australia), and BOM (Bureau of  
Meteorology, Australia)ACCESS1-3

BCC-CSM1-1 Beijing Climate Center, China Meteorological Administration
CanESM2 Canadian Centre for Climate Modelling and Analysis
CCSM4 National Center for Atmospheric Research

CESM1-BGC
National Science Foundation, Department of  Energy, National Center for Atmospheric Research

CESM1-CAM5
CMCC-CM

Centro Euro-Mediterraneo per I Cambiamenti Climatici
CMCC-CMS
GFDL-CM3

Geophysical Fluid Dynamics Laboratory
GFDL-ESM2M
HadGEM2-AO Met Office Hadley Centre (additional HadGEM2-ES realizations contributed by Instituto Nacional de Pesquisas 

Espaciais)HadGEM2-ES
INM-CM4 Institute for Numerical Mathematics

IPSL-CM5A-LR
Institut Pierre-Simon Laplace

IPSL-CM5B-LR

MIROC5 Atmosphere and Ocean Research Institute (The University of  Tokyo), National Institute for Environmental Studies, 
and Japan Agency for Marine-Earth Science and Technology

MIROC-ESM-CHEM Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research Institute (The University 
of  Tokyo), and National Institute for Environmental Studies

MPI-ESM-LR
Max Planck Institute for Meteorology (MPI-M)

MPI-ESM-MR
Source: PCMDI (2016).
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to the differences in the representation of  the physical processes 
in the structure of  each model.

In general, the diversions of  Q90 (δ90%) which indicated 
a reduction in both reservoirs and periods, presented higher 
percentages than those that signaled an increase, both for RCP4.5 
and for RCP8.5.

Considering the changes projected in Q90 (δ90%) generated 
for the two reservoirs and scenarios (80 projections per reservoir), 

11 signaled additions greater than 20%. On the other hand, 
41  projections indicated a reduction greater than 20%. These 
reductions may occur mainly at the end of  the century (2070‑2099), 
given that most of  the projections agree with the reduction.

The data from the CGMs that indicated an increase greater 
than 20% were: GFDL-CM3, for Castanhão (in all scenarios and 
periods), and for Banabuiú (for 2040-2069 in RCP8.5): MIROC‑ESM-
CHEM, for Castanhão (2040-2069, in RCP4.5, Figure 6A) and 

Figure 5. Variation of  the mean inflow (δaflu.) in the Banabuiú (A, C) and Castanhão (B, D) reservoirs for the 2040-2069 and 2070‑2099
periods, based on the rainfall data projected by 20 GCMs of  CMIP5 for scenarios RCP4.5 (A, B) and RCP8.5 (C, D).
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RCP8.5 (Figure 6B); CESM1-BGC, in the 2070‑2099 period in 
RCP8.5 for Castanhão (Figure 6D); ACCESS1-0, in the 2040‑2069 
period in RCP8.5 for Banabuiú (Figure  6B), HadGEM2-AO 
and CCSM4, in the 2040-2069 period and RCP4.5 for Banabuiú 
(Figure 6A).

Particularly “GFDL-CM3” in RCP8.5, meant for Castanhão, 
an addition of  Q90 much above the other 19 GCMs for the two 
periods. The latter result is associated with the increase signaled 
by “GFDL-CM3” for inflows to Castanhão of  up to 108% for 
2040-2069 and 80% for 2070-2099. Thus, the projections that 
meant greater changes in Q90 in reservoirs consistently correspond 
also to the inflow data with greater variations.

The variations in the flows with a 90% guarantee (δ90%), for 
the periods analyzed indicate a tendency to the reduction of  the 
water availability in the two reservoirs. Although the results present 
divergences, this information shows the interval of  variation of  
Q90 and can make it easier to anticipate the adaptive measures of  
the region to the probable changes in the water availability due 
to climate changes, especially regarding the reduction of  Q90 of  
Castanhão reservoir, which, for the projections with the greatest 
reductions, may compromise the supply of  several user sectors in 
the state of  Ceará, including the metropolitan area of  Fortaleza 
and the Jaguaribe valley.

CONCLUSION

This study evaluated the possible impacts of  changes in 
precipitation projected by the GCMs of  IPCC-AR5 (CMIP5) on 
inflows and regulated by two large surface reservoirs (Castanhão 
and Banabuiú), located in the Jaguaribe river basin in Ceará.

The variation of  inflows (δaflu.) and Q90 (δ90%), for the 
Castanhão and Banabuiú reservoirs, estimated from data of  
20 GCMs of  CMIP5, for the periods of  2040-2069 and 2070‑2099, 
in the emission scenarios RCP4.5 (moderate) and RCP8.5 (intense), 
indicated great divergences among them, both as to the sign 
(addition or reduction), and as to the magnitude of  change.

The divergences between the diversions in the inflows 
(δaflu.) to Castanhão and Banabuiú increase with the change of  
the scenario from moderate GHG emission (RCP4.5) to more 
intense (RCP8.5) and from the mid-21st century (2040-2069) to 
the end of  this century (2070-2099). Despite these divergences, 
it can be seen that the inflows projected for Castanhão tended to 
be reduced, while for Banabuiú the tendency is positive or null.

As to Q90, it can however be observed that most of  
the diversions (δ90%) indicate a tendency for reduction in both 
reservoirs. This reduction may be greater than 60% in relation to 
the baseline scenario, as indicated in the changes generated from 
four GCMs. Moreover, in 51% of  the projections, in Q90  they 
indicated a reduction greater than 20% and another 12.5% signaled 
an increase greater than 20% in Q90.

The results also indicated that if  the changes in Q90 occur, 
there is a great chance that there will be a more intense reduction, 
given that the percentages of  reduction (negative values) are, in 
absolute values, greater than the percentages projected for the 
increase of  Q90 as related to the baseline period.

The reductions in the values of  the reservoir yields can be 
even greater, if  the simulations take into account the increased 
evaporation rates, influenced mainly by the increased temperature 
predicted for the future.

The international policies for mitigation discuss the 
possibility of  minimizing the mean increase of  global temperature 
to values between 1.5 °C and 2 °C, which is compatible with the 

Figure 6. Variation in reservoir yields of  Castanhão and Banabuiú, 
with a 90% guarantee for scenarios RCP4.5 (A, C) and RCP8.5 
(B,  D), 2040-2069 (A, B) and 2070-2099 (C, D) periods for 
20 GCMs of  CMIP5.
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RCP4.5 scenario and the 2070-2099 period, analyzed in the present 
study. Thus, there is a pressing need to define strategies to adapt 
the water resources sector to climate changes. Considering the 
uncertainties inherent to the process described, the adaptation 
strategies need to be flexible and dynamic, and should evolve over 
time, with new information and further knowledge.
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