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1 RESUMO

A expansdo da infraestrutura hidrica foi uma estratégia de adaptacdo as secas no semidrido
brasileiro, mas trouxe impactos negativos a médio e longo prazo. O objetivo do trabalho foi
identificar os efeitos sdcio-hidroldgicos da expansdo dos reservatdrios na qualidade da agua da
Bacia do Alto Jaguaribe (BAJ), Ceara. Com base em referéncias bibliograficas e relatorios
técnicos, observou-se um pico de construgao de acudes na década de 1990, com uma média
anual de 0,7 reservatorios (1980-2004) caindo para 0,1 entre 2005 e 2015. Essa expansao
resultou na estabilizagdo da capacidade de armazenamento, em quase o dobro do escoamento
médio anual, contribuindo para a degradagdo da qualidade da agua, especialmente em periodos
secos. Entre 2012 e 2017, por exemplo, houve um aumento consideravel das concentragdes de
fosforo total nos agudes, ultrapassando o limite de 0,05 mgL™! (limite superior ao estado
mesotrdfico). Portanto, o adensamento da rede de reservatdrios na BAJ agravou a degradacao
da qualidade da d4gua a medida que aumentou a retencao de nutrientes e intensificou o fenomeno
da eutrofizacao.

Palavras-Chave: seca, socio-hidrologia, poluicao hidrica.

FEITOSA, J. do N. A.; MEDEIROS, P. H. A.; MEIRA NETO, A. A.
INTERACTIONS BETWEEN HUMANS-WATER RESOURCES AND WATER
QUALITY DEGRADATION IN A DENSELY POPULATED NETWORK OF
RESERVOIRS

2 ABSTRACT

The expansion of water infrastructure was a strategy for adapting to droughts in the semiarid
region of Brazil, but it had negative effects in the medium and long term. The objective of this
study was to identify the sociohydrological effects of reservoir expansion on the water quality
in the Upper Jaguaribe Basin (BAJ), Ceard. On the basis of bibliographic references and
technical reports, a peak in dam construction was observed in the 1990s, with an annual average
of 0.7 reservoirs (1980-2004) falling to 0.1 between 2005 and 2015. This expansion resulted in

Recebido em 05/11/2025 e aprovado para publicagdo em 10/12/2025
DOIL: http://dx.doi.org/10.15809/irriga.2025v30p70-77


mailto:josinascimento1997@gmail.com
mailto:phamedeiros@ifce.edu.br
https://orcid.org/0000-0002-4879-3148
mailto:A.Alves_Meira_Neto@colostate.edu
https://orcid.org/0000-0002-7508-8241

Feitosa, et al. 71

the stabilization of storage capacity at almost 2-fold the average annual runoff, contributing to
the degradation of water quality, especially during dry periods. Between 2012 and 2017, for
example, there was a considerable increase in the concentrations of total phosphorus in the
reservoirs, exceeding the limit of 0.05 mg L ! (upper limit for mesotrophic status). Therefore,
the growth of the reservoir network in the BAJ aggravated the degradation of water quality, as
it increased nutrient retention and intensified the phenomenon of eutrophication.

Keywords: drought, socio-hydrology, water pollution.

3 INTRODUCTION

Drought is a natural phenomenon
that has adverse effects on humans and
hinders the achievement of the Sustainable
Development Goals — SDGs (Di Baldassarre
etal.,2019). To reduce human vulnerability,
several adaptation strategies have been
implemented over time, notably, the
construction and expansion of a network of
reservoirs in semiarid Northeast Brazil since
the beginning of the 20th century, a measure
that has contributed to promoting water
security (Meira Neto et al., 2024). However,
the evolution of water storage has resulted in
undesirable consequences arising from
interactions between society and water
resources, such as nutrient retention and
degradation of water quality due to
eutrophication, negatively impacting the
availability of this resource (Medeiros;
Sivapalan, 2020).

This eutrophication process is driven
primarily by the high input of phosphorus, a
nutrient carried in sediment flows, which
reaches water bodies (Lima Neto et al.,
2022; Wang; Wang, 2009). Thus, analysis of
the total phosphorus load is essential both for
controlling  eutrophication in  these
environments (Le Moal ef al., 2019; Rattan
et al., 2017, Silva et al., 2025) and for the
sustainable management of water resources.
In this context, sociohydrology stands out ,
an interdisciplinary science that analyzes the
reciprocal interactions between societies and
water and results from a variety of events in
diverse regions of the planet and in varied

contexts (Pereira et al., 2025; Sivapalan;
Savenije; Bloschl, 2012). Therefore, this
work aims to identify the sociohydrological
effects of the expansion of water
infrastructure in the Upper Jaguaribe Basin,
Ceard, with emphasis on the water quality of
the extensive and dense network of
reservoirs.

4 MATERIALS AND METHODS

The Upper Jaguaribe Basin (BAJ,
24,500 km2’ is located in the state of Ceara
in the northeast region of Brazil and has 24
reservoirs monitored by the Ceard Water
Resources Management Company (2025).
Figure 1 , and 3478 nonstrategic strategies.
According to the Koppen climate
classification, the basin has a BSh-type
climate—hot semiarid (Medeiros et al.,
2014)—with an average annual precipitation
of 700 mm year" 9 an average annual
potential evaporation of 2,100 mm year™
according o 3(-year averages of the
Climatological Normals of the National
Institute of Meteorology (INMET) (Meira
Neto et al., 2024). The region’s precipitation
has significant interannual and intraannual
variability (concentrated in the months of
January to March). Runoff coefficients in the
region typically range between 5% and 10%
and can be less than 1% (Figueiredo et al.,
2016), while the rivers are mostly ephemeral
or intermittent (Lima Neto et al., 2022;
Mamede et al., 2018).
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Figure 1. Location of the Upper Jaguaribe Basin (BAJ) and the reservoirs monitored by

COGERH.
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This work presents a qualitative and 2019). These  water infrastructures

quantitative theoretical approach developed
through a literature review. The objective
was to identify evidence of the
sociohydrological effect of the expansion of
water infrastructure on the water quality of
the BAJ, Ceara. For this study, scientific
publications, journal articles, and technical
reports from the Water Resources
Management Company (2025) related to
drought, human—water resource interactions,
and water quality were consulted. The
selection of sources prioritized journals in
the areas of environmental and hydrological
sciences, as well as studies published in the
last 15 years.

S RESULTS AND DISCUSSION

Historically, reservoirs have been
constructed to reduce the vulnerability of
society to droughts (Di Baldassarre et al.,

experienced remarkable growth on a global
scale in the 1960s (300%) and 1970s (130%)
to meet the needs of populations, which
increased by 15% and 25% during those
periods, respectively (Di Baldassarre et al.,
2018), generating extensive reservoir
networks. However, in recent decades, there
has been an increase in water demand at the
expense of a stable reservoir storage
capacity, as well as a reduction in the
availability of water in reservoirs due to
siltation and eutrophication resulting from
land use and cover patterns and societal
adaptation measures (Di Baldassarre et al.,
2018; Gohari et al., 2013; Medeiros;
Sivapalan, 2020).

With respect to the BAJ (Figure 2), it
was found that from 1940—when the first
strategic reservoir, Do Coronel, with a
storage capacity of 0.002 x 'O ™% wag
implemented—until 1970, when the rate of
dam construction corresponded to 0.2
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reservoirs per year. This rate peaked in the
1990s, with an average of 0.7 reservoirs per
year implemented from 1980 to 2004.
However, during the period from 2005 to
2015, the rate fell to 0.1 dams per year.
Furthermore, the water storage capacity

increased over time: in 1940, it was 0.002 x
1m3, and in 2015, it reached 2.77 x 10° ™,
Notably, in the 1960s, the capacity
substantially increased because of the
implementation of the Oros reservoir (1.94 x
10° ma)‘

Figure 2. Evolution of the number of strategic reservoirs and storage capacity

of the Upper Jaguaribe Basin.
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The expansion of reservoirs in the
BAJ (Baia de Arrasco) resulted in two
effects: 1) the stabilization of storage
capacity (at almost double the average
annual flow) due to limited inflow, i.e.,
hydrological constraints; and 11) the
degradation of water quality due to nutrient
accumulation, intensified by the increased
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residence time of water in the water storage
structures, accelerating the eutrophication
process and causing greater = water
deterioration. This led to the implementation
of new reservoirs (supply—demand effect),
which reinforced a negative feedback loop.
A loop diagram that allows visualization of
these effects is shown in Figure 3.
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Figure 3. Causal loop diagram: R: reinforcing loop; B: balancing loop

/ﬂ_&“\‘i
Degradagéo da Escassez Restrigio
Qualidade da Hidrica /\ Hidrologica
= Agua J/ : -::%B/.
/ Construcio de e
- Reservatorios
Eutrofizacdo /
B v
/ =) Oferta-Demanda :{/\) Disponi!bilidade
K e Desequilibrio ] de Agua

4
Aumento da

Crescimento k_/

Concentragéo de
Populacional

j{f’f’\\
R

M ~
\_ Mudanca de Uso e

Cobertura do Solo -

Nutrientes nos Agudes
e Economico

_

This degradation is significant and
more pronounced during periods of low
water storage (Wiegand et al., 2021). The
phosphorus values (mgL™" for different
reservoir sizes for 2008 to 2025 according to
the classification proposed by Meira Neto et

al. are shown in Figure 4. (2024). From
2012 to 2017 (drought period), there was a
significant increase in total phosphorus (TP),
especially for reservoirs with lower storage
capacities, which negatively impacted water
availability.

Figure 4. Total phosphorus values for different storage capacities of reservoirs in the Upper
Jaguaribe Basin for 2008 to 2025.
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According to Silva et al. (2025), PT
values exceeding the limit of 0.05 mg. L !
(red line in Figure 4), which corresponds to
the upper limit of the mesotrophic state—
water bodies with intermediate productivity,
with possible impacts on water quality but at
acceptable levels in most cases, according to
the Brazil Water Project (2013)—can be
considered a condition of  water
unavailability for human supply because of
poor quality. Thus, for almost the entire
period and for almost all reservoirs, water is
unsuitable for human consumption.

6 CONCLUSION

Human-induced changes to
hydrological systems have allowed us to
address the temporal variability in water
availability and scarcity. However, the
intensification of these interventions has led
to undesirable effects, generating unintended
feedback loops and producing
sociohydrological impacts. Among the
negative impacts of water management
measures on the hydrological system, the
effects on water quality were analyzed in this
study. The degradation of water quality
worsened in the Upper Jaguaribe Basin with
the densification of the reservoir network,
which caused an increase in the residence
time of water in the water storage structures
and, consequently, greater nutrient retention
and accelerated eutrophication. In this sense,
understanding the bidirectional interactions
between humans and water is fundamental to
seeking sustainable measures focused on
recovering the water quality of reservoirs
rather than exclusively structural measures.
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