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Abstract

Sustainable watershed management stands at the forefront of global efforts to tackle pressing environmental and socio-economic
challenges. This study offers a pioneering assessment of the state of research on Peru's watersheds, integrating geographical,
environmental, and socio-economic dimensions. By harnessing cutting-edge bibliometric tools, including Bibliometrix and VOSviewer, and
adhering to PRISMA guidelines for a systematic review, this work maps the scientific landscape of watershed management in Peru. Utilizing
comprehensive databases such as Scopus and Web of Science, the study identifies and analyses key thematic clusters, revealing an
escalating focus on the urgent issues of climate change and urbanization, particularly within the critical Rimac River Basin. This basin, vital
to the water supply of Lima, the world's second-largest desert city, faces severe threats from pollution and climate instability. Our findings
not only chart the evolution of research in this domain but also spotlight emerging opportunities to modernize water management
practices through the integration of climate change models, advanced data monitoring, and artificial intelligence. The study makes a
compelling case for a collaborative approach, urging stronger alliances among local communities, research institutions, and international
stakeholders to foster more resilient and sustainable watershed management strategies in Peru. This paper provides actionable insights,

making it an indispensable resource for policymakers and practitioners aiming to secure Peru's water future.
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1. Introduction

Water is a fundamental resource that underpins
both ecological systems and human activities, es-
sential for global sustainability and socio-economic
progress. The urgency of effective water manage-
ment has never been more critical, given the esca-
lating challenges of climate change, pollution, and
growing water demand. Research indicates that
global agricultural productivity has been signifi-
cantly impacted by these factors, with a notable
20% reduction since 1970 due to climate change,
especially affecting regions like the Near East and
North Africa (Kompas et al., 2024). The uncertainty
surrounding future water availability is com-
pounded by the expansion of irrigated areas in
water-stressed regions, including major food

producers such as China, India, Pakistan, and the
United States.

In the context of Peru, a country characterized by a
diverse and intricate network of watersheds, effec-
tive water resource management is of paramount
importance. Watersheds, defined by their topo-
graphical features and the areas they drain, play a
critical role in Peru's water infrastructure (Arai et al.,
2010). The sustainable management of these water-
sheds is vital for ensuring reliable water supplies for
agriculture, domestic use, industry, and energy
production.

This review provides a detailed examination of cur-
rent research on watershed management in Peru. It
addresses the geographic, environmental, and so-
cio-economic dimensions of watershed manage-
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ment, highlighting the major challenges and
proposing potential solutions for sustainable water
resource management in the country.

A central case study in this review is the Rimac River
Basin, which is crucial for Lima, the second-largest
desert city globally. This case study reveals the com-
plexities of managing rapid urbanization, pollution,
and the impacts of climate change in a region
where water stress is a growing concern (Vega-
Jacome et al.,, 2018). The Rimac River Basin, origi-
nating from the Andean highlands and serving as a
lifeline for millions, exemplifies the challenges faced
by urban watersheds under pressure from popula-
tion growth and climate variability.

Recent studies underscore the urgency of address-
ing these challenges through integrated and adap-
tive management approaches. For instance,
Hoefsloot et al. (2024) emphasize the importance
of incorporating sustainable urban planning and re-
silient infrastructure investments to manage urban
water resources effectively. Additionally, Cakovic et
al. (2024) highlight the need for robust climate
change adaptation strategies and interdisciplinary
research to tackle complex water management
issues.

The aim of this review is to shed light on the current
state of knowledge regarding watershed manage-
ment in Peru, identifying key challenges and oppor-
tunities for improvement. It provides a framework
for discussing integrated and sustainable water re-
source management strategies, with insights aimed

Records identified

Eduardo et al.

at enhancing the effectiveness of watershed
management practices in Peru and offering lessons
applicable to other regions facing similar issues.

2. Methodology

2.1. Search strategy

The literature search encompassed two primary da-
tabases: Web of Science (WOS) and Scopus, utiliz-
ing the following keywords: "peruvian" OR "peru”
AND ‘integrated watershed management" OR
"hydrographic basins" OR "hydrology". Advanced
search functionalities with specific inclusion criteria
were employed to target original research papers
published in English and Portuguese. On 17 August
2024, the search in Web of Science yielded 301
papers, which were downloaded in RIS format.
Similarly, on the same day, data collection in Scopus
retrieved 210 documents spanning the period from
1975 to 2024. These documents were downloaded
in Microsoft Excel in csv format.

2.2. Data filtering

The articles underwent a blind evaluation process
facilitated by the open-access software Rayyan
(Ouzzani et al,, 2016). Inclusion criteria prioritized
hydrological studies conducted within Peruvian ba-
sins or transboundary basins shared with neighbor-
ing countries like Bolivia, Brazil, Colombia, Chile,
and Ecuador. This method encompassed three
main phases: removing duplicate entries, screening
titles for relevance, and assessing full-text articles.

Records identified

from Web of Science from Scopus
: : (n=301) (n=210)
Identification
Records removed
(n=15)
1
Records after e
duplication check Excluded (n=276)
(n=496) Not related 1o peruvian OR
peru AND “integrated
watershed management”
r N OR "hydrfl)rg];rgphllc b?sms"
Records screened \ OR “hydrology )
(n=220) -
\, J Excluded (n=57)
Orininal articles that are
. not in English and
Records screened for Y Fotiugliece y
title end abstract to
qualitative sysnthesis
(n=163)

Figure 1. PRISMA selection process flowchart (Page et al., 2021).
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2.3. Screening Process

After removing duplicates, 496 studies underwent
screening. Following this, 276 papers were excluded
due to a lack of relevance to the keywords found in
the title, and an additional 57 papers were excluded
as their abstracts did not align with the keywords.
Ultimately, 163 studies were chosen for qualitative
data synthesis, adhering to the criteria outlined in
the PRISMA (Page et al., 2021) statement. Figure 1
illustrates the inclusion and exclusion steps of the
literature at each stage in accordance with the
PRISMA statement.

2.4. Data processing

The comprehensive analysis of scientific mapping,
word clouds and origin of articles with the highest
number of citations was performed using the
"Bibliometrix" package (Aria & Cuccurullo, 2017) in
R 4.3.2 software and the RStudio application. For
co-occurrence analysis, the software VOSviewer
1.6.20 (Van Eck & Waltman, 2010) was used.

3. Results and discussion

3.1. Descriptive analysis

The analysis of the temporal evolution of publica-
tions (Figure 2a) indicates a significant increase in
the number of scientific articles over the past few
decades, particularly from the year 2000 onwards.
This growth reflects a rising awareness and concern
for sustainable watershed management in Peru,
driven by environmental challenges such as climate
change, uncontrolled urbanization, and water pol-
lution. The upward trend suggests a growing inter-
est from the scientific community and an intensifi-
cation of research efforts to address these issues.
Figure 2b shows the distribution of scientific pro-
duction by author affiliation, reveals the global na-
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ture of interest in watershed management in Peru.
While Peru leads with 80 articles, indicating strong
local commitment, it is notable that researchers af-
filiated with institutions in the United States, France,
Brazil, and Canada have also made significant con-
tributions. This distribution suggests that although
the problem is local, the relevance of Peru’s water-
sheds has attracted the attention of the interna-
tional scientific community. This can be attributed
to the unique environmental challenges of Peru,
such as water management in a context of high bi-
odiversity and climate variability.

An indicator of an article's influence and signifi-
cance is the frequency of citations it receives. Table
1 lists the eight most cited articles, highlighting
those studies on climate variability, glacier retreat,
their impacts on water resources, and human vul-
nerability have garnered significant scientific atten-
tion, particularly in the context of the Andes and the
Amazon.

The analysis of keyword clouds highlights a
significant evolution in research focus over time.
During the period from 1975 to 1999, studies
predominantly centered on Peru, with a strong
emphasis on topics related to hydrology and
streamflow (Figure 3a). This reflects an initial
concern with understanding and managing water
resources in a more local and specific context.
However, in the subsequent period from 2000 to
2024, a substantial shift in research priorities is
observed, with an increasing focus on the Andean
region and the impacts of climate change (Figure
3b). This change indicates a response by the
scientific community to emerging challenges posed
by environmental and climatic changes, reflecting
an urgent need to adapt and expand research to
address broader and more complex issues affecting
the region.

Table 1
Analysis of eight articles with the highest number of citations

Title Journals Citations  Authors

Spatio-temporal rainfall variability in the Amazon basin countries International Journal 407 Espinoza Villar et al.,

(Brazil, Peru, Bolivia, Colombia, and Ecuador) of Climatology 2009

Glacier recession and water resources in Peru’s Cordillera Blanca JO“”_“a‘ @ 222 Baraer et al., 2012
Glaciology

I ic evi for | limatic ch i ical h

SOtOP\C evidence for late Quaternary climatic change in tropical Sout Geology 180 Seltzer et al,, 2000

America

Microk?ia\ commuhity composition explains soil respiration r.esponse.s to Journal of Ecology 164 Whitaker et al,, 2014

changing carbon inputs along an Andes-to-Amazon elevation gradient

Modelling observed and future runoff from a glacierized tropical Global and

! 138 l, 2007

catchment (Cordillera Blanca, Peru) Planetary Change M il 200

Glacier recession and human vulnerability in the Yanamarey watershed o

of the Cordillera Blanca, Peru Climatic Change 138 Bury et al., 201

The impact of glaciers on the runoff and the reconstruction of mass Journal of

balance history from hydrological data in the tropical Cordillera Blanca, 126 Kaser et al., 2003
Hydrology

Peru

Troplga\ glacier me\twater contribution to stream discharge: a case Jouma\ of 120 Mark & Seltzer, 2003

study in the Cordillera Blanca, Peru Glaciology
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Figure 3. Keyword clouds depicting the periods (a) 1975 to 1999, and (b) 2000 to 2024. Generated using Bibliometrix (data extracted from
Scopus and Web of Science).

This shift in research focus underscores the
importance of aligning scientific agendas with the
changing realities of the environment. The
transition from a local focus to a more regional and
global perspective in water resource research in
Peru and the Andean region highlights the growing
interconnectedness of environmental challenges
and the need for an integrated approach to their
management.

3.2. Co-occurrence Analysis

Figure 4a displays clustering and co-occurrence
maps of keywords, identifying five distinct research
clusters. The first cluster (red) focuses on
hydrological and climatic aspects of Peru, with
particular emphasis on the Amazon basin and
phenomena like the El Nifio-Southern Oscillation
(ENSO). This cluster highlights the importance of

studying how these phenomena impact climate and
hydrology in the region. The second cluster (green)
centers on climate change in South America,
specifically the Cordillera Blanca in Peru, and glacial
hydrology. This research examines how glacier
retreat affects water resources, which is crucial for
understanding future water availability in the
region. The third cluster (blue) explores the
geography of the Andes and river basins, showing
an interest in how geographic features influence
water distribution and basin management. The
fourth cluster (yellow) focuses on groundwater,
hydrogeology, and its interaction with other water
resources. This reflects a growing concern about
sustainable management of groundwater, an
important resource in areas where surface water
may be limited or seasonal. The fifth cluster (purple)
emphasizes watershed management, water supply,
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and water quality, key topics for integrated water
resource management and ensuring safe water
provision. Recent topics focus on hydrology, water
flows, precipitation, and risk assessment in river
basins. This trend indicates increasing interest in
understanding and managing the risks associated
with  climate variability and water resource
management in the context of climate change.

3.3. River Basins in Peru

Peru has a total of 159 river basins, distributed
across three main regions (ANA, 2016). The Pacific
hydrographic region includes 62 river basins that
rely on rainfall in the Sierra and account for only
2.19% of the available freshwater. The Atlantic or
Amazon region contains 84 river basins
characterized by deep and extensive rivers, holding
97.26% of the country's freshwater. The Titicaca
region, comprising 13 river basins, represents 0.56%
of the available water.

Eduardo et al.

Among the 163 studies reviewed, 113 focused on
specific basins in Peru, while the remaining studies
addressed  basins  that include Peru and
neighboring countries. The studies are primarily
concentrated in three hydrographic regions (Figure
5): the Atlantic Hydrographic Region (47%), the
Pacific Hydrographic Region (46%), and the Titicaca
Hydrographic Region (7%).

In the Pacific Hydrographic Region, the Santa River
Basin is the most studied, accounting for 21% of the
total studies. Research here primarily focuses on the
impacts of glacier retreat due to climate change,
which has reduced water flow and affected local
communities and agriculture (Baraer et al., 2012;
Mark et al., 2010). To tackle these challenges,
strategies such as water modeling and simulation
(Condom et al., 2012) and promoting water literacy
have been implemented. Water quality has also
been examined, particularly concerning glacial
sediments and mining pollution (Magnusson et al.,
2020; Rangecroft et al., 2023).
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Figure 4. Clustering and co-occurrence maps of keywords obtained using VOSviewer software (Van Eck & Waltman, 2010). Data
extracted from Scopus and Web of Science in August 2024.

-585-



Scientia Agropecuaria 15(4): 581-592 (2024)

In the Atlantic Hydrographic Region, the Marafion
I, 1, 1, and IV inter-basins represent 12% of the
studies. These studies cover topics like wetland and
tuber vegetation, highlighting the diverse ecosys-
tems and the need for their conservation (Kalliola et
al., 1991; Lahteenoja & Page, 2011). Research also
includes sediment dynamics within the basin
(Armijos et al., 2013), satellite technology for sedi-
ment load assessment (Espinoza Villar et al., 2012),
and hydrological dynamics and flow control (Hill et
al,, 2018). Additionally, hydrometeorological phe-
nomena for risk mitigation have been explored
(Figueroa et al., 2020).

The Ucayali River Basin represents 11% of the stud-
ies, focusing on the impact of climate change on
basin hydrology, particularly related to El Nifio
events that affect rainfall patterns and river flow
(Lavado Casimiro et al., 2011, 2013). Land use
changes and their effects on water availability, in-
cluding deforestation and agricultural expansion,
are also studied (Weng et al., 2018). Recent research
has evaluated flood risks due to intense rainfall
events, which impact agricultural areas in the basin
(Valenzuela et al., 2023).

In the Titicaca Hydrographic Region, which ac-
counts for 7% of the studies, research addresses is-
sues such as climate change impacts on droughts
(Zubieta et al., 2021), lake evaporation and water
balance (Pillco Zol4 et al., 2019), and decreases in
precipitation and runoff (Lavado Casimiro et al.,
2012). Studies also examine water level fluctuations
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in Lake Titicaca and the effects of climate variability
and human activities on these changes (Lima-
Quispe et al., 2021). Palechydrology studies provide
insights into past hydrological and climatic condi-
tions to better understand current and future chal-
lenges (Cross et al., 2001; Grove et al., 2003).
Finally, the Piura River Basin, part of the Pacific Hy-
drographic Region, represents 6% of the studies.
Research here addresses groundwater salinization
and irrigation management (Kuznetsov et al., 2012;
Yakirevich et al., 2013) and explores the relationship
between climate and public health, especially con-
cerning diseases like cholera linked to extreme
weather events such as El Nifio (Ramirez & Grady,
2016). The impact of climate change on watershed
hydrology, including variations in temperature and
precipitation affecting water availability and runoff
patterns, has also been studied (Ledn Ochoa et al.,
2019).

The hydrographic regions of Peru, spread across
the Pacific, Atlantic, and Titicaca regions, exhibit di-
verse geographic and climatic characteristics. How-
ever, they share common concerns such as climate
change, water management, and human impacts
like deforestation. Addressing these challenges re-
quires integrated and coordinated approaches to
ensure sustainable water resources and the resili-
ence of ecosystems and communities. Ongoing re-
search and the implementation of effective
strategies are crucial for tackling these issues and
promoting sustainable water management in Peru.

24

Atlantic
Hydrographic
Region

Pacific

Hydrographic <

Region

Figure 5. Most studied river basins and hydrographic regions in Peru according to systematic review.
The base map was generated using QGIS (3.32).
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3.4. A Representative case in Peru's hydrographic
basins: Management and challenges in the Rimac
River Basin

The Rimac River Basin, located on the central coast
of Peru, is crucial due to its role in supplying water
to Lima, the world's second-largest megacity
situated in a desert environment, following Cairo.
With a population exceeding 9,674,755 in 2020,
representing around 30% of Peru's total population,
Lima depends heavily on the Rimac River Basin for
various needs, including domestic, industrial, and
agricultural purposes (Vega-Jacome et al., 2018).
However, this vital watershed faces numerous
complex challenges that threaten its sustainability
and health. This section provides a comprehensive
analysis of the Rimac River Basin's issues and
proposes potential strategies for effective manage-
ment and conservation.

3.4.1. Geographical and environmental characteristics
The Rimac River Basin covers an area of
approximately 3,503.95 km? and features a diverse
range of geological and ecological attributes. The
river originates at high altitudes in the Andes, with
the source located around 4,200 meters above sea
level. Approximately 65.7% of the basin's area
consists of wet terrain that is crucial for sustaining
the river. The Rimac River flows for about 127 km
from its origin at the confluence of the Santa Eulalia
and San Mateo rivers near Chosica until it reaches
the Pacific Ocean. The perimeter of the river's basin
is approximately 419.5 km.

Geologically, the basin is characterized by a mix of
volcanic, sedimentary, and metamorphic rock
formations. The soil varies from fertile in the higher
elevations to saline near the coastal desert. The
basin’s diverse ecological landscape includes high
Andean ecosystems, coastal arid forests, paramo
ecosystems, and various woodland habitats.
Although the Rimac River Basin does not contain
glaciers, nearby regions of the Andes have some
glaciated areas that contribute to the overall
hydrology of the region.

3.4.2. Issues and challenges

The strategic importance of the Rimac River Basin is
overshadowed by several pressing challenges:
Impact of the Coastal Nifio: The watershed is
vulnerable to extreme weather events, such as the
2017 Coastal Nifio, which caused severe flash floods
and landslides, significantly  affecting local
communities and infrastructure (Rojas-Portocarrero
et al,, 2019). The temperature in Peru has increased
by 0.8°C since 1960-1980, leading to a 152% rise in
premature heat-related deaths among people over
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65 between 2000-2004 and 2017-2021 (Carrasco &
Barja, 2022). The rising temperatures have also
favored the spread of dengue fever, with increased
transmission of Aedes aegypti and Aedes albopictus
(Romanello et al., 2022). During the 2023-2024 El
Nifio event, extreme conditions such as intense
rainfall and high temperatures led to significant
damage and left over 787,000 people in need
(Zevallos, 2024).

Water pollution:  Industrial, agricultural, and
domestic waste pollution compromises the quality
of the Rimac River's water, making it challenging to
treat for human consumption and jeopardizing
aquatic ecosystems (Pascual et al., 2019). Flooding
exacerbates water contamination issues, potentially
increasing vector-borne diseases like dengue
(Blanco-Villafuerte & Hartinger, 2023).

Urban pressure and accelerated development:
Rapid urbanization around Lima exerts immense
pressure on natural resources, leading to
heightened water demand and conflicts among
stakeholders (Hommes & Boelens, 2018). This urban
expansion degrades aquatic ecosystems, alters the
hydrological cycle, and increases water pollution
due to population growth and industrial activities.
Integrating social and ecohydrological factors into
urban planning is crucial, yet there is limited
guidance on applying these concepts effectively
(Hansen & Pauleit, 2014).

Water risk and scarcity: Extreme weather events and
climate change exacerbates droughts and floods,
increasing community vulnerability and impacting
water availability (Bell, 2022). Water scarcity is part
of broader urban issues, including poor housing
quality, inadequate public investment, and exclu-
sion from decision-making (loris, 2012). Lima's
water stress is compounded by outdated infra-
structure and a centralized wastewater manage-
ment system (Torre et al., 2024). Addressing water
scarcity globally involves innovative management
models and integration of resources (Cakovi¢ et al.,
2024). Effective risk management, infrastructure
resilience, and disaster response are critical
(Ramirez & Briones, 2017; Zevallos, 2024).

3.4.3. Future perspectives and sustainable
management

3.4.3.1. Sustainable urban planning

Sustainable urban planning is crucial for mitigating
environmental impacts and optimizing water
resource utilization in rapidly growing urban areas.
Effective urban planning practices include:

Land use management: Strategically managing
land use to prevent overdevelopment and protect
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critical water sources. This involves zoning
regulations that prioritize green spaces and limit
industrial encroachment on sensitive areas.

Green infrastructure: Implementing green infra-
structure such as rain gardens, permeable pave-
ments, and green roofs helps manage stormwater,
reduce runoff, and enhance water infiltration. These
measures improve water quality by filtering pollu-
tants and reducing the burden on traditional water
treatment systems (Lara-Valencia et al., 2022).
Preservation of green areas: Protecting and ex-
panding urban green areas and natural habitats is
essential for maintaining ecological balance and
supporting biodiversity. These areas also play a crit-
ical role in regulating local climate and improving
air and water quality.

Integration of water governance practices: Lima's
Water and Sewerage Service (SEDAPAL) is increas-
ingly adopting practices like “siembra y cosecha de
agua” (water harvesting) to enhance urban water
security. These practices involve capturing and stor-
ing rainwater for later use, reducing reliance on ex-
ternal water sources, and mitigating the impacts of
urbanization (Hoefsloot et al., 2024).

3.4.3.2. Infrastructure improvement

Strategic investments in infrastructure are pivotal
for addressing water pollution and improving water
quality. Key approaches include:

Resilient infrastructure: Developing infrastructure
that can withstand extreme weather events and
adapt to changing climatic conditions. This includes
constructing flood defenses, reinforcing riverbanks,
and upgrading drainage systems to handle in-
creased rainfall and reduce flood risks.

Efficient water treatment systems: Investing in ad-
vanced water treatment technologies to enhance
the ability to purify contaminated water. This in-
cludes the construction and maintenance of small-
scale treatment facilities, such as the "amunas” in
San Pedro de Casta, which manage rainwater runoff
and prevent contamination of the river (Hoefsloot
et al,, 2024).

Maintenance and upgrades: Regular maintenance
and upgrades to existing infrastructure are essential
to ensure the continued functionality and effective-
ness of water management systems. This involves
monitoring infrastructure conditions, addressing
wear and tear, and integrating new technologies as
they become available.

3.4.3.3. Climate change adaptation

Formulating and implementing robust climate
change adaptation strategies are crucial for en-

Eduardo et al.

hancing community resilience and ensuring water
security. Effective strategies include:

Integrated Watershed Management (IWM): Adopt-
ing IWM approaches to manage watersheds holis-
tically, considering all aspects of the ecosystem, in-
cluding land use, water resources, and biodiversity
(Cakovi et al., 2024). Studies have shown that IWM
can improve agricultural production and soil qual-
ity, as seen in Uganda's Karamoja Region and Ethi-
opia's Miyo-Hadi watershed (Barakagira & Ndungo,
2023; Mekonnen et al., 2021).

Adaptive management practices: Developing flexi-
ble management strategies that can be adjusted
based on changing conditions and new infor-
mation. This involves continuous monitoring of en-
vironmental indicators, forecasting potential im-
pacts, and adjusting management practices accor-
dingly.

Community-based adaptation: Engaging local
communities in the development and implementa-
tion of adaptation strategies to ensure that mea-
sures are relevant and effective. Local knowledge
and practices can provide valuable insights into
managing climate risks and adapting to environ-
mental changes.

3.4.3.4. Community participation

Fostering active community participation in water-
shed management and conservation is essential for
sustainable outcomes. Key elements include:
Engagement and empowerment: Involving local
communities in decision-making processes and
recognizing their traditional knowledge and prac-
tices. This includes creating platforms for dialogue,
incorporating community feedback, and ensuring
equitable access to water resources (Miranda Sara
et al., 2016).

Education and awareness: Promoting environmental
education and raising awareness about the im-
portance of watershed conservation. Educating
communities about sustainable practices and the
impacts of environmental changes can foster greater
participation and commitment to conservation efforts.
Strengthening disaster risk management: Improv-
ing disaster risk management systems to better re-
spond to extreme weather events and other emer-
gencies. This involves enhancing early warning sys-
tems, improving infrastructure resilience, and coor-
dinating response efforts across different sectors
(Torres Mallma, 2021).

Ongoing research and governance: Supporting
continued research on watershed management
and conservation to inform policy and practice. Ef-
fective governance structures are necessary to en-
sure that research findings are translated into
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actionable policies and management strategies
(Beveridge et al., 2024).

The Rimac River Basin faces significant challenges
that demand coordinated and sustained efforts to
ensure its long-term sustainability. By adopting in-
tegrated and participatory approaches, combining
advanced technology with community engage-
ment, and emphasizing adaptive management, it is
possible to achieve a balance between human
development and environmental preservation in
this critical Peruvian region.

3.5. Future perspectives

The ongoing and future challenges in sustainable
watershed management in Peru necessitate a mul-
tifaceted approach to ensure the resilience and
adaptability of water resources amid climatic and
anthropogenic pressures. Drawing on the extensive
review and analysis presented in this study, the fol-
lowing future perspectives emerge as critical areas
for advancing the field:

a. Integrated climate change adaptation strate-
gies: The urgency to address the impacts of
climate change on water resources is increas-
ingly apparent. The growing frequency and se-
verity of climatic events, such as glacier retreat
in the Andes and shifting precipitation patterns,
underscore the need for comprehensive climate
adaptation strategies. Future research should
focus on integrating climate models with water-
shed management practices to enhance predic-
tive capabilities and inform adaptive measures.
Cakovi¢ et al. (2024) emphasize the importance
of interdisciplinary approaches that incorporate
climate projections into water management
plans. It is crucial to develop robust strategies
for climate change adaptation and mitigation,
including ecosystem restoration, reforestation,
and sustainable water management practices.

b. Enhanced urban and rural water management:
As urbanization accelerates, particularly in
water-stressed regions such as Lima, there is an
urgent need for innovative solutions to manage
urban water resources effectively. Sustainable
urban planning and investments in resilient
infrastructure are critical to addressing these
challenges, as highlighted by Hoefsloot et al.
(2024). Urban strategies should focus on
managing stormwater, reducing pollution, and
mitigating the adverse effects of urbanization
on watersheds. Simultaneously, rural areas,
which rely heavily on traditional water manage-
ment practices, need modernization to cope
with increasing water demand and variability.
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Technological advancements and improved
methods are essential for enhancing water
management in these regions. Integrating sus-
tainable urban planning with advancements in
rural water management will contribute to a
more comprehensive and effective approach to
water resource management across both urban
and rural contexts.

Strengthening data and monitoring systems:
Effective watershed management relies on ro-
bust data and monitoring systems. The review
identified significant gaps in the availability and
integration of hydrological data across different
regions of Peru. Future efforts should focus on
enhancing data collection, employing remote
sensing technologies, and developing compre-
hensive databases to support real-time moni-
toring and decision-making. The integration of
emerging technologies, such as artificial intelli-
gence (Al), can significantly enhance these sys-
tems, thereby helping to better understand
watershed dynamics and improving resource
allocation.

Fostering regional and international collabo-
ration: Watershed management in transboun-
dary basins requires cooperation between
neighboring countries. The review indicates that
studies addressing shared river basins are
limited. Future research should emphasize
strengthening regional collaboration to address
cross-border water management challenges,
share best practices, and develop joint strate-
gies for sustainable resource use.

Promoting water literacy and strengthening
community and institutional collaboration: The
successful implementation of water manage-
ment strategies depends on active community
involvement and heightened public awareness.
Promoting water literacy is essential, as it em-
powers local communities to participate mean-
ingfully in watershed management initiatives.
Educational programs and participatory ap-
proaches should be developed to ensure com-
munities are well-informed and actively en-
gaged in conservation efforts and the adoption
of sustainable practices. Moreover, strengthen-
ing collaboration among institutions, govern-
ment agencies, and local communities, includ-
ing indigenous peoples and local stakeholders,
is crucial. By fostering these partnerships, water
management practices can become more equi-
table, inclusive, and effective, ultimately leading
to more resilient and sustainable outcomes.
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f.  Addressing knowledge gaps and research
priorities: The evolution of research focus from
local hydrology to broader regional and global
issues reflects the changing landscape of water
management. Future research should address
identified knowledge gaps, particularly in the
areas of groundwater management, the impact
of land use changes on hydrology, and the in-
tegration of socio-economic factors into water-
shed management strategies. Prioritizing these
research areas will contribute to a more holistic
understanding of water resource challenges
and solutions.

g. Investment in scientific research and technolo-
gical innovation: Increased investment in
research and technology to address water-
related challenges, supporting interdisciplinary
research and professional training. This is es-
sential for developing innovative solutions that
ensure the sustainability of water resources
amidst evolving environmental and socio-
economic conditions.

By addressing these future perspectives, stakehold-
ers can advance the field of watershed manage-
ment in Peru, ensuring the sustainability of water
resources amidst evolving environmental and so-
cio-economic conditions.

4. Conclusions

This comprehensive review of sustainable water-
shed management in Peru underscores the com-
plexity and urgency of addressing water resource
challenges in the face of rapid environmental
changes and socio-economic development. Pery,
blessed with abundant water resources across its
Pacific, Atlantic, and Titicaca hydrographic regions,
faces significant threats from water contamination,
deforestation, biodiversity loss, and the escalating
impacts of climate change, such as glacial retreat,
shifting precipitation patterns, and disrupted hydro-
logical cycles. These challenges necessitate the in-
tegration of climate change adaptation strategies,
the modernization of urban and rural water man-
agement systems, and the enhancement of data
and monitoring infrastructures through the strate-
gic use of emerging technologies like artificial
intelligence.

The case of the Rimac River, a vital water source for
Lima, vividly illustrates the pressures faced by Peru’s
watersheds, including urbanization, pollution, and
climate variability. To effectively address these is-
sues, this study emphasizes the critical importance
of integrated water planning, riparian ecosystem
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conservation, and the adoption of innovative tech-
nologies for enhanced water resource monitoring
and management.

Collaboration emerges as a central theme through-
out this review. The success of watershed manage-
ment in Peru hinges on strong partnerships be-
tween local communities, governmental agencies,
and international stakeholders. Promoting water lit-
eracy and actively engaging communities in con-
servation efforts are crucial steps toward fostering a
sense of ownership and responsibility for sustaina-
ble water use. Additionally, addressing knowledge
gaps through focused research on groundwater
management, land use changes, and the socio-
economic dimensions of water management will lay
the groundwork for informed decision-making and
policy development.

Moving forward, substantial investment in scientific
research and technological innovation, coupled
with a commitment to interdisciplinary approaches
that integrate environmental, social, and economic
considerations, will be essential. Only through col-
laborative, multidisciplinary efforts can Peru meet
the evolving challenges posed by climate change
and development pressures. By embracing these
future perspectives, Peru can enhance the resilience
of its watersheds, ensuring the sustainability of wa-
ter resources for future generations. This holistic
approach will not only safeguard the environment
but also support the well-being and prosperity of
communities across the nation, securing water
availability and quality for generations to come.
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