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ABSTRACT

Analysis of major watershed basins in a global vision provides a crucial information on sustainable management of
water resource throughout the Earth. In this review, a globally significant watersheds were reviewed including the
Murray-Darling Basin (Australia), Yangtze River basin (Asia), Volga River Basin (Europe), Nile River Basin (Africa),
Hudson Bay Watershed & Mississippi Basin (Canada/North America), and the Amazon Basin (South America). A detailed
overview was performed on emphasizing climate, agriculture, hydrology, groundwater, and ecological aspects of the
watershed basins, providing holistic knowledge in terms of their environmental and socio-economic impacts. This review
explores the challenges which are encountered by these watershed basins, involving over-allocation of water, loss of
biodiversity because of water deficiency, deforestation, and advancement of hydroelectric power. Also, it examines
the fundamental strategies for sustainable management of water, including climate adaptation, improvement of water
quality control, and incorporation of ecosystem health principles. The result of review suggests that future research
should emphasize advancing basin management, with specific attention to the Mississippi and Nile basins, to balance
human demands with sustainability of ecology. Further, the review presents critical insights and guidelines for protecting
these essential watersheds basins, supporting additional effective decision-making and sustainable management practices
that can certify their long-term sustainability in the face of growing environmental impacts.

Keywords: Major watershed basins, Climate and environmental sustainability, Hydrological characteristics, Biodiversity
and ecological systems

1. Introduction
1.1. Research background

Water is crucial for all living organisms, including
humans life supporting, economic growth, ecological
stability, and human civilization [1]. However, global
water crises are intensifying due to factors such as
rapid population growth, urbanization, economic de-
velopment, changes in land cover, and climate change
challenges [2, 3]. These mentioned pressures exac-
erbate the uneven distribution of freshwater, with
almost 4 billion people experiencing intense water

shortages annually for at least one month [4, 5]. In
addition, modern social pattern driven by industrial-
ization, agricultural irrigation, increased energy de-
mands, and global worming to further contributes to
water scarcity and declining water quality as around
the world [6-8]. A deeper understanding of how these
factors effects water supply, demand, and quality is
crucial, requiring the need to enhanced capabilities
for analyzing the underlying processes and their influ-
ence on water availability and usage. This calls for a
thorough approach for integrating hydrological oper-
ations at the watershed level to determine the holistic
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Fig. 1. The distribution of major watershed basins worldwide, with every watershed basin labeled according to the legend. The central
map (w.c) shows the world planet, while specific watersheds are highlighted in inset maps with their respective scales: (A) Murray-Darling
(Australia), (B) Yangtze (Asia), (C). Volga (Europe), (D). Nile (Africa), (E)- Mississippi (North America). And (F). Amazon (South America),
and This layout presents a particular perspective on the location and scale of these essential watersheds across continents.

watershed response to alignment with user demands
and climate change [6]. The main watershed basins
focused on this review were displayed in Fig. 1.

Fig. 1 illustrates a visual overview of the major
watershed basins universally, showing their geo-
graphical distribution throughout the whole planet.
This figure highlights the presence global key wa-
tershed basins, involving Murray-Darling, Yangtze,
Volga, Nile, Mississippi, and Amazon watershed
basins in the world, which play critical roles for
regulation of water resource, providing support for
both ecological balance and human civilization. The
specific depiction of these basins emphasizes the
unequal distribution of freshwater resources around
the whole world, underscoring the necessity of inte-
grative, transboundary approaches to mitigate water
scarcity, quality, and management of water resources.
The varying scales involving every watershed basin’s
inset map further emphasizes the variability in wa-
tershed sizes and conditions, as well as the divers’
challenges faced in each region.

Fig. 2 shows the quantitative perspective on the
water discharge pattern of these major watershed

basins. This visualization highlights the significant
variation in discharge rates among Murray-Darling,
Yangtze, Volga, Nile, Mississippi, and Amazon water-
shed basins in the world, underscoring the Amazon
Basin’s dominant contribution to global freshwater
flow. The disparities in discharge reflect not only
the size and climatic conditions of each basin as
well as the challenges associated with water resource
management to meet ecological and human demands
throughout these different regions.

Watershed basins play an important role in regu-
lating water resources worldwide, influencing both
water accessibility and quality [9, 10]. As global land
use changes, driven by urbanization, agriculture, and
deforestation, natural land cover within watersheds is
undergoing degradation, leading to pollution growth
and modified hydrological processes [11, 12]. This
degradation leading significant implications for wa-
ter supply systems all around the world, as the loss
of ecosystem services like stabilization of soil and
nutrient filtration can lead to higher sediment con-
centrations and pollutant levels in water bodies [13,
14]. Understanding the global impact degradation of
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Fig. 2. Discharge distribution in major global watershed basins.

watershed is necessary for protecting water quality
and managing effectively water resources [9].

Over the past hundred years, the global focus on
major basins and watersheds has enhanced. Defi-
ciency in clean water availability and sanitation in
many developing regions, along with growing com-
petition for water, depletion of groundwater, and
the degradation of water resources worldwide, has
resulted in a higher level of international contri-
bution in the management and analysis of these
critical water systems, specifically regarding global
transboundary watersheds [15-17]. Particular signif-
icance are share boundary basins, distributed among
two or more nations, which cover more than 45% of
the Earth’s land surface and are home to 40% of the
global population [18]. The sustainable management
of these transboundary, water resources is crucial for
ensuring water access for future generations, making
the research of major watershed basins a critical pri-
ority in the world.

Quantifying water scarcity degree variation across
different regions, the Clarity Index (CI) is a vital
indicator to assess the balance between water avail-
ability and demand under different climatic and
socio-economic conditions. CI is classified into four
levels: CI = 1 showing water surplus, CI = 2 rep-
resents marginal vulnerability, CI = 3 reflects water
stress, and CI = 4 denotes water scarcity. for assessing
regional water vulnerabilities, such a kind of clas-
sifications are critical, particularly during dry years
when precipitation is below the 10th percentile [19].
The current situation of water shortage shows that,
based on calculations across all watershed basins,
30% of the global population (5.6 billion) live in
areas with a water surplus (criticality index CI =
1) [19]. At the same time, 20% reside in slightly
vulnerable watersheds (CI = 2), 6% in regions experi-
encing water stress (CI = 3), and 44% in watersheds

facing water deficiency (CI = 4). In years with
average precipitation, the proportion of human liv-
ing in water-scarce regions decreases to 29%, this
demonstration shows significance impact of climate
variability on water resource availability [19]. While
such evaluations provide significant insights into re-
gional vulnerabilities, they also point to the broader
need for a global understanding of watershed dy-
namics to clearly highlight the water shortage and
hydrological systems challenges. Existing research
has improved our knowledge of watershed basins at
local and regional levels, involving transboundary
management [20]. However, a universal, integra-
tive review is needed to address how these systems
collectively affect global water resources [21]. The
seven river basins such as Murry-Darling, Yangtze,
Volga, Nile, Mississippi, Hudson Bay and Amazon
were selected for their global significance and their
different climatic representations, socio economic,
and ecological conditions. These watershed basins
highlight key universal challenges, like Water quality
monitoring, water governance and climate change
impact (Nile, Mississippi) [22-30], biodiversity loss
(Amazon, Yangtze), and degradation of ecosystems,
and hydrological behavior of (Murray- Darling) [31],
make them ideal for a comprehensive analysis of
global river basin dynamics. This study aims to fill
that gap, providing a complete analysis of major
watershed basins worldwide. To better understand
the characteristics, contributions, and challenges of
major watershed basins globally. Table 1 presents
a detailed overview of key basins across different
continents. It highlights essential data such as basin
area, discharge, population, main contributions, and
the major challenges faced by these regions. Further,
Table 1 identifies critical future research needs for
sustainable water management and the protection of
ecosystems within these significant water systems. In
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watershed research, the key gap lies in integrating
multiscale strategies that address both global and re-
gional contexts, as well as the lack of interdisciplinary
collaboration among natural and social sciences, lim-
iting the thorough analysis of watershed systems on
a global scale [32].

1.2. Related literature

The literature highlights the importance of global
watershed basins for biodiversity, agriculture, and
hydropower. Major basins, including the Murray-
Darling, Yangtze, Mississippi, Amazon, and face
challenges such as over-allocation of water, biodi-
versity decline due to hydropower, deforestation,
and water scarcity [33, 36, 41]. Effective manage-
ment strategies like climate adaptation, enhanced
water quality control, and ecosystem health inte-
gration are identified as essential for sustainability.
Future research should focus on sustainable water
use and improved management, particularly in the
Mississippi and Nile Basins, to support ecological and
human needs [22, 26]. Watershed basins across Aus-
tralia, Asia, Europe, Africa, and the Americas are
crucial for regional ecological and economic stability,
however these region faces substantial environmental
challenges due to population growth, climate change,
and water scarcity [45-50]. Sustainable water man-
agement policies, such as the European Union’s (EU)
Water Framework Directive and India’s National Mis-
sion for Clean Ganga, emphasize the importance
of international cooperation and participatory ap-
proaches to address these issues [51-53].

1.3. Current review motivation

The increasing global demand for water, coupled
with climate change, urbanization, and population
growth, has intensified the need for sustainable man-
agement of watershed basins [54]. These basins are
essential for supporting biodiversity, agriculture, and
economic development; however, many watershed
basins face significant challenges, including wa-
ter scarcity, pollution, and resource overallocation.
While research on individual basins exists, there is a
lack of comprehensive, global analysis that addresses
the shared challenges and management strategies
across major watersheds.

This review aims to fill this gap by providing a
holistic examination of key global basins, including
the Murray-Darling, Yangtze, Volga, Nile, Missis-
sippi, and Amazon focusing on their environmental,
hydrological, and socio-economic roles. The review
identifies the critical need for integrated management
approaches and highlights future research directions,

particularly in the Mississippi and Nile Basins. By
offering a comprehensive analysis, this study con-
tributes to the development of sustainable water
management practices that balance ecological health
with human needs, ensuring the long-term viability
of these vital systems.

1.4. Research objectives

In view of the explained facts on the existence of
major watershed basins all around the world, the
main research objectives of the current review were
designed as follows: (i) To review the mega basins all
around the continents and give a reliable brief of their
essential contributions to the society, (ii) To study
the climate, environment, hydrology, and ecological
aspects of those basins, (iii) To determine the main
challenges and the future research avenue of those
basins Ultimately, the final aim of this review is to
draw the road map for better mega watersheds sus-
tainability, assessment and evaluation.

To achieve these objectives, the seven watershed
basins selected from all continents of the world in
this study such as Murray-Darling, Yangtze, Volga,
Nile, Mississippi, Hudson Bay, and Amazon River
basin were chosen for their global significance, di-
versity across the continents, and the variety of
challenges, that they highlighted. These watershed
basins were selected for representation of differ-
ent climatic regions, ecological systems, and socio-
economic conditions, making them ideal for studying
the contribution of society, hydrological and en-
vironmental aspects, and the challenges they face.
For instance, the Amazon and Yangtze River basins
provide insights into the impact of climate change
and deforestation, decline of biodiversity, and hy-
dropower impacts [36, 37, 41-44]. while the Nile
and Mississippi river basins highlight challenges as-
sociated with transboundary water governance and
management, land use impact on hydrology [22-30].
Regarding this selection, the study aims to prepare a
comprehensive analysis of major global river basins
and their role for water resource management strate-
gies, ultimately supporting the development of the
more effective road map for handling these critical
water systems.

1.5. Overview of the research structure on global
watershed basins

Fig. 3 displays the organizational structure of
this review paper, systematically leading the reader
through the study’s main aspects and objectives.
The framework starts with the Introduction, which
involves four key elements: Research background,
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Fig. 3. The process of the adopted review for the mega watersheds all around the world.

research objective, related literature, and motiva-
tion for this work. These fundamental elements set
the context, summarizing the research aims, review-
ing relevant current literature, and highlighting the
significance of review paper. Following the introduc-
tion, review of literature is organized geographically,
analyzing watershed basins thorough Asia, Europe,
United States, Africa, and Australia. To increase re-
gional focus within the United States category, the
framework subdivides this section into North Amer-
ica, Canada, and South America, facilitating a more
emphasizing examination of watershed management
in these regions. The structure is intended to provide a
comprehensive and systematic analysis of watershed
basins across global regions, contributing to a cohe-
sive understanding of world watershed dynamics. The
article wraps up with the Conclusion part, analyzing
main outcomes and discussing the broader impli-
cations of this study. This well-organized approach
adheres to research articles principles, promoting
clarity, coherence, and academic overview through-
out the paper.

2. Literature review
2.1. Australia region related watershed basins

Australia’s unique landscape is characterized by
several watershed basins that play a critical role in
its hydrological system. The country’s long-term wa-
ter resource development, driven by the demands of
agriculture, industry, and urban expansion, has led
to integral degradation of its freshwater ecosystems
[55]. As the driest inhabited continent, with an av-
erage annual rainfall of only 450 mm [56]. Australia
confronts considerable challenges in managing its wa-
ter resources, especially in the context of its highly
variable climate, which is influenced by large-scale
atmospheric patterns such as the El Nifio Southern
Oscillation and the Indian Ocean Dipole [45].

This review highlights the major watershed basins
of Australia, investigating their geographical charac-
teristics, hydrological behavior, and environmental
challenges that they face. Among these, the Murray-
Darling Basin stands as the largest watershed basins,
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covering over 1 million square kilometers, or one-
seventh of the country. This basin, home to Aus-
tralia’s three largest rivers—the Murray, Darling,
and Murrumbidgee—supports 70% of the country’s
irrigated crops and pastures and a population of
over 2 million [31]. The Murray Darling Basin ac-
counts for more than 40% of agricultural production
in Australia. However, the basin is dominated by
extensive dryland agriculture, confronting critical hy-
drological challenges, especially during the periods
of drought. The Millennium Drought (1997-2009)
intensively effected water availability, with reservoir
levels dropping by 73% between 2000 and 2003 and
reaching historic lows in 2007 [57]. This prolonged
drought reduced surface water resources, degrada-
tion of ecosystems, rising temperatures, increasing
evaporation rates and intensifying water scarcity
[57]. and irrigated agriculture account for almost 70
percent of all utilization of water in Australia [58].

Another critical system is the Great Artesian Basin
(GAB), which extends 1.7 million square kilometers
beneath semi-arid and arid regions, covering about
one-fifth of the country. The GAB’s groundwater re-
sources, discovered in the 1880s, have been crucial
in enabling pastoral activities, establishing home-
steads and towns, and assisting petroleum and mining
ventures [51]. The Lake Eyre Basin, a remote river
system in Central Australia, covers nearly one-sixth
of the continent (1.14 million square kilometers) and
stretches over four state and territory boundaries.
This basin supports a rural population of approxi-
mately 60,000 people, scattered across Queensland,
South Australia, the Northern Territory, and New
South Wales [59].

These three major watershed basins—Murray-
Darling, Great Artesian, and Lake Eyre—are essential
to Australia’s water supply, agriculture, and ecolog-
ical health, underscoring the importance of sustain-
able management and effective policy frameworks
to address the challenges proposed by environmen-
tal stressors [60]. Building on this introduction, it
is essential to analyze the existing body of research
that delves into the management, challenges, and hy-
drological dynamics of Australia’s watershed basins,
highlighting the environmental significance of their
sustainable management and ecological perspective.

2.2. Asia watershed basins

Asia is involving some of the world’s most signif-
icant and vital watershed basins, such as Yangtze,
Yellow, Ganges, Indus, and Mekong Rivers, which
play an important role in maintaining ecological
stability and supporting the livelihoods of billions
throughout the continent. Although, these basins

confront a multitude of challenges, specifically in
the Hindu-Kush-Himalaya region, where declining
productivity of agriculture and intense soil erosion
significantly reduce the efficiency of arable land [46,
61].

More specifically, the Ganges Basin, which encom-
passes parts of Nepal, India, and Bangladesh, assists
over 500 million people and is important for agricul-
ture, water supply, and waste drainage [62]. Despite
its resources, the basin is plagued by poverty, infras-
tructure development, and pressing environmental
issues like flooding and pollution. Initiatives such as
National Mission for Clean Ganga emphasize the ur-
gent demand for sustainable water management and
share boundary cooperation to enhance resilience
and livelihoods in the region [62].

In the Central part of Asia, agricultural practices,
specially the cultivation of water-intensive crops
such as cotton and rice, dominate the water uti-
lization landscape, placing additional stresses on
already scarce resources of water [47]. This region
is characterized as arid and has been confronted
recurrent droughts that exacerbate water scarcity
ecological degradation [52]. Furthermore, the trans-
boundary river basins in Central Asia frequently
experience mismatches among available water re-
sources and socio-economic requirements, causing
to political tensions and cooperative conflict water-
related events [63].

In addition, major watershed basins in Asia, for
instance Yellow, Yangtze, Pearl, Red, and Mekong
rivers, have historically carried considerable sedi-
ment to the western Pacific Ocean. However, sedi-
ment delivery has significantly decreased as a result
of dam construction and human-induced soil erosion,
impacting coastal environments by resulting delta
sinking and wetland loss [64, 65]. Climate change
is anticipated to intensify water shortage in Central
part of Asia, further complicating the region’s water
management challenges [66].

The Yangtze River Basin, stretching 6,300 km, is
particularly significant, supporting over 400 million
people and featuring vital lakes and reservoirs, in-
cluding Taihu, Poyang, and Danjiangkou [67]. This
basin is one of the most global regions for biodiverse,
playing a critical role for sustaining freshwater habi-
tats and supporting several species. as presented in
Fig. 4.

The basin’s biodiversity presents its ecological rich-
ness, it hosts around 10% of all known species and a
third of vertebrate species. The Yangtze River Basin
is one of the largest rivers in China with a water-
shed area of approximately 1.8 million km?, plays
a critical role in supporting human populations, bio-
diversity, and economic development and irrigation
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Fig. 4. lllustration of Yangtze River basin biodiversity rich ecological habitats and different species [68].

requirements and has a developed water system, ad-
dition the development of the urbanization river is
shifted to a sustainable approach. The basin involving
over 7,000 tributaries, with 437 having watershed
areas exceeding 1,000 km?, supporting to developed
and extensive water resource system which is crucial
from the point of economic and human likelihood
[68]. The Yangtze River Basin supports a popula-
tion of approximately 459 million, accounting for
33% of China’s population, and generated a GDP of
29.3 trillion yuan in 2017, as economic perspective
it is representing 35.4% of the national total. It is
also a hub for hydropower generation, with theo-
retical water energy reserves of 268 million kW, of
which 197 million kW are technically exploitable.
Further, the Yangtze River Basin stands out globally
for its rich biodiversity, hosting some of the global
most diverse ecosystems as it is crucial for protecting
the divers species life [68, 69]. The accompanying
Fig. 4. highlights the basin’s ecological significance
and altitudinal variations, which influence biodiver-
sity distribution, Environmental conservation goals.
Although microbial communities in rivers and lakes
have been studied, comprehensive watershed com-
parisons remain limited, hindering our understanding
of microbial patterns and assembly mechanisms [70].
Anthropogenic activities and land use significantly
affect microbial diversity and stability, necessitating
effective management strategies to preserve the eco-
logical integrity of these essential freshwater systems.

In Southern and Southeast Asia, the rapid growth
of developing countries is driving substantial invest-
ments in water infrastructure, highlighting the need
for a comprehensive understanding of future water
availability and its spatial and temporal distribution

[71]. Effective river basin management plans and
disaster risk reduction strategies are essential for
assessing associated risks in this dynamic context.
In addition, the challenges facing watershed man-
agement in Asia include the lack of availability of
reliable data for the Soil and Water Assessment Tools
(SWAT) modeling, which is often restricted or not
freely accessible, as well as insufficient reporting of
parameterization, calibration, and validation proce-
dures in existing studies [72].

To address these challenges, watershed manage-
ment has shifted towards participatory approaches;
however, persistent issues related to inadequate pol-
icy frameworks, poor coordination among agencies,
and limited stakeholder involvement remain [73].
Future research must focus on integrating social
dimensions, improving monitoring systems, and fos-
tering collaboration among all watershed users to
enhance management effectiveness across Asia’s di-
verse watershed basins.

2.3. European watershed basins

Watershed basins play a critical role in Europe’s
hydrological systems, influencing water distribution
and supporting biodiversity. However, structural con-
nectivity across European river networks is intensely
impacted, particularly in southern Europe, where
challenges corresponding to future hydropower de-
velopment and climate change could further exacer-
bate these issues [48]. European watershed basins are
central to shaping the continent’s geography, ecology,
and socio-economic activities. These basins host some
of the world’s most significant river systems, includ-
ing the Danube, Rhine, Volga, and Po rivers, which
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normalization facilitates direct comparison by presenting the relative size of each parameter in the dataset, emphasizing variations among

the river basins.

support various sectors—household use, energy pro-
duction, industrial processes, and agriculture [74].
Fig. 5. illustrates normalized values for Basin Area,
Population, and Discharge across major European
river basins, including the Danube, Rhine, Volga, and
Po. By scaling each parameter from O to 1, the figure
provides a clear comparison of the relative sizes and
water resource capacities of these basins, highlight-
ing differences that reflect the unique hydrological
and socio-economic roles each basin plays within
Europe.

Among the major river basins in Europe the most
significant river basins are Volga as it stands a key
river basin due to it’s ecological, economical, and
hydrological importance, particularly within Russia,
and highlights a clear example of how climate change
is expected to have significant effects on water re-
sources management and environment impact in the
region.

Volga river is the longest river in Europe, and it
is the 16th longest river globally. This basin has
complex ecological system, and significance for agri-
culture, social, and industrial production, particularly
for Russia. The total river length is 3531 km, has a
basin area of 1431296 km?, and further the basin
has 42 people per km? population density. The mean
annual discharge is 8364 m3/s with peak monthly
discharge of 25805 m3/s in May. And the lowest mean
monthly discharge 3085 m3/s in January [75]. The
Volga basin is significant economic region for Europe
particularly for Russia. The Volga system is impor-
tant for waterborne transport, navigation, shipping,
and agricultural development. Russia’s produces 25%
hydroelectricity from the hydropower plant which
eight of the plant is run by Volga River water [75].
The climate change projections for the Volga River

basin show a potential increase in the annual mean
air temperature, with a rise of 2.5 °C under global
warming by 1.5 °C. Global warming by 2 °C and
3.4°C under 2°C warming leads to significant impact
in ecosystem of the basin [76]. This warming oc-
curs most in spring and least in autumn summer it
shows seasonal variation of the basin. Precipitation
in the basin is expected to increase by 8% under
1.5°C causing by global warming and 11% under
2°C, with a significant increase in winter precipitation
[76, 77]. Although, the annual runoff is projected
to decrease by 10-11%, with a potential decrease in
the Oka and Upper Volga rivers in different regions
[76]. This highlights a shift in the seasonal distri-
bution of runoff, with winter runoff increasing and
spring and summer-autumn runoff decreasing which
is most caused by global warming. Further, the re-
sult shows that the runoff coefficient will decrease,
highlighting a greater effect of evaporation in the
water resource sustainable management and balance.
Given the Volga River significant role in Europe’s
hydrological, economic, agriculture and ecological
systems, it’s challenging due to climate change in
the region presents the broader issues facing many
European watershed basins, particularly in terms of
water quality, ecosystems health and water resources
sustainable management strategies.

In addition, besides providing water resources,
these basins also serve as key transportation routes,
crucial to historical and modern trade. The trans-
boundary nature of rivers such as the Danube presents
challenges for coordinated water management, need-
ing international cooperation for water quality, flood
control, and ecological sustainability under frame-
works like the EU’s Water Framework Directive
[53]. Europe’s aquatic ecosystems face pressures that
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Table 2. European Major Watershed Basins Characteristics.
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Basin area Population in Average annual Water use for Water use for | Water use for
River basin (km?) basin (millions) | discharge (m3/s) agriculture (%) industry (%) household (%) | References
Danube 801,463 90 6,500 32 20 [80-82]
Rhine 185,260 58 2,300 [83, 84]
Elbe 148,268 24.5 861 [84]
Po 71,000 16 1,500 45 37 [85]
Volga 1,380,000 65 8,049 [86]

impact water availability, ecological conditions, and
ecosystem functions. These stresses vary regionally
but generally involve pollution, over-extraction, and
extreme weather conditions like droughts and floods
[78]. In addition, human-induced alterations, such as
drainage, soil erosion, and barriers construction, sig-
nificantly impact water quality and ecosystem health
[78]. To address these issues, the European Union
has implemented policies since 2000, notably the Wa-
ter Framework Directive, aimed at improving water
ecosystem health and ensuring sustainability [79].To
better know the complexities and challenges faced by
European watershed basins, it is essential to explore
existing literature on regional basins. Table 2 pro-
vides general information about Europe’s watershed
systems.

2.4. African watershed basins

Africa possesses approximately 9% of the world’s
freshwater resources, despite accounting for 15% of
the global population. It is the second driest continent
after Australia, with an annual per capita water avail-
ability of 4,008 m® in 2009, significantly lower than
in most other regions, except Asia, the world’s most
populous continent [87]. The limited access to water
for both domestic and agricultural purposes remain
a substantial constraint on agricultural productiv-
ity, perpetuating poverty and hunger in Sub-Saharan
Africa (SSA) [88]. Groundwater, often considered
a critical buffer during periods of low rainfall or
drought, is essential for rural communities across
Africa due to its storage capacity, which frequently
exceeds the annual recharge rate [89].

Further Africa’s drainage systems are relatively
young, with many major rivers having undergone
significant shifts in their courses since the breakup of
Gondwanaland during the Cretaceous period. How-
ever, the lack of reliable hydrological data presents a
substantial challenge to effective water resource plan-
ning and management across the continent. Water
scarcity, particularly in Eastern and Western Africa’s
drylands, exacerbates poverty, affecting an estimated

300 million people. This number is projected to in-
crease by 65-80% by 2030 [49].

Additionally, the availability of water resources in
reservoirs, particularly for electricity generation, is
intricately tied to climate and weather conditions.
Africa, being the world’s most capital-deficient in-
habited continent, sees much of its rural population
relying on ecosystem services for their livelihoods.
Over 300 million of the 800 million people on the
continent live in areas experiencing water scarcity,
with 11 out of the 16 countries facing “absolute water
scarcity,” defined as having less than 1,000 m® per
person per year of water. This situation poses a con-
tinuous threat of food shortages and worsens water
scarcity [90].

Freshwater availability in sub-Saharan Africa is
fundamental to economic growth and social devel-
opment. More than 70% of the population resides in
rural areas, largely depending on agriculture, where
water availability is one of the most critical limiting
factors [91]. Timely rainfall is essential for the econ-
omy, yet rainfall across Africa varies significantly on
annual, decadal, and longer time scales [92]. While
average annual temperatures across the continent are
generally high, exceptions occur at the northern and
southern extremes and at higher elevations. Never-
theless, seasonal and daily temperature variations are
evident throughout Africa. Given its tropical location,
precipitation remains the key climatic factor distin-
guishing one season from another. Africa’s major
river basins, such as the Nile, Congo, and Niger, pro-
vide freshwater, support agriculture, and are essential
for hydropower generation. The Nile watershed
basin, home to the world’s longest basins as it spans
6781 km, hydrologically and geographically complex
system which traverses 11 countries and covers one —
tenth of the Africa continent [93]. Major tributaries,
involving the Blue Nile, Tekes, and Baro- Akobo, sus-
tain the river’s flow during different seasons of the
year. Despite a significant contribution to agriculture,
ecosystems, and hydropower, the Nile river basin
has 85 km® average discharge per year, measured
at Aswan, is relatively low compared to other larger
rivers, a result of the arid and hyper-arid hydrological
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conditions that dominate over 40% of this basin [93].
However, managing these water resources presents
a unique challenge due to Africa’s highly variable
rainfall, widespread water scarcity, and the pressures
of a rapidly growing population [93].

To further explore the complexities and significance
of Africa’s watershed basins, a detailed examination
of existing literature is important. Such an analysis
will provide valuable insight into the hydrological,
socio- economic, and environmental aspects, sup-
porting the effective water resource management
strategies for the associated region.

2.5. Canada/north & South America watershed
basins

2.5.1. Canada

Canada, the second-largest country in the world by
area, features a diverse range of landscapes within
its watersheds, including mountains, forests, agricul-
tural regions, and water bodies, which are integral to
regulating its vast freshwater resources [50]. These
watershed basins support a variety of ecosystems and
are crucial for sustaining economic activities such
as agriculture, hydropower generation, and fisheries.
Covering an area of 9.1 million km?, with nearly 0.9
million km? consisting of inland water bodies, Canada
stretches from 42°N to 83°N latitude and is bordered
by three major oceans. Of the total area, 75% of the
land drains northward into Hudson Bay and the Arctic
Ocean, 15% flows into the Atlantic Ocean, and the
remainder drains elsewhere [94].

The hydrology of the Canadian Prairies is de-
fined by its semi-arid, cold-region conditions, where
snowmelt runoff over frozen soils is a key driver of
streamflow. Much of this runoff is retained in de-
pressions, reducing the areas contributing to basin
flow, while summer rainfall mainly supports evap-
otranspiration for crops [95]. Canada’s continental
interior is witnessing an overall increase in moisture,
following a west-to-east and south-to-north gradient.
Northern areas of the Hudson Bay Basin may ex-
perience a significant increase in moisture—up to
35% above historical annual averages from 1981 to
2010—while the Nelson River prairie basins face a
potential, though uncertain, decrease of around 5%
[96, 971.

Canada’s major watershed basins play a signifi-
cant role in the hydrological system. The Mackenzie
River Basin, the largest in northern Canada, spans
Alberta, Saskatchewan, British Columbia, the North-
west Territories, and the Yukon, covering around 1.8
million square kilometers, which is approximately
one-fifth of Canada’s total landmass [98]. Similarly,
the Fraser River Basin (FRB), the largest in British

Columbia, drains approximately 230,000 square kilo-
meters, with elevations ranging from sea level to
around 4,000 meters [99]. In addition to these, the
Great Lakes-St. Lawrence Watershed is also projected
to face impacts from climate change, with a projected
reduction in average annual discharge between 4%
and 24% over the next 90 years [100].

Continental-scale hydrologic and land surface mod-
els are critical for understanding the available fresh-
water resources all over Canada, specifically in the
context of climate change [96].Between the decades
1976-85 and 1986-95, Canada experienced consider-
able shifts in hydrological patterns because of varying
temperature and precipitation, resulting to changes
in streamflow, with earlier spring runoff in warmer
regions and delayed runoff in cooler areas [98].These
including hydrological conditions underscore the sig-
nificance of continuous monitoring and assessment
to manage and sustain Canada’s essential freshwater
ecosystems.

2.5.2. North America

Watershed basins in North America, particularly in
the U.S, are significant to the region’s environment,
economy, and social systems. These basins mold land-
scapes and support economies over vast regions by
preparing critical water resources for agriculture, in-
dustry, and recreation. In addition, they significantly
impact on weather patterns, biodiversity, and the
accessibility of natural resources. This highlights the
importance of watershed systems within the broader
ecological and hydrological framework of the planet.

The United States contains numerous significant
watershed basins with substantial environmental and
economic impact. The Mississippi River Basin, is the
third largest basin globally, drains almost half of the
nation’s land area, playing a critical role in sustaining
a variety of ecosystems and human activities [1]. As
it is an extended basin, it consists of climate, hydrol-
ogy, and land cover characteristics variation across
the region. Mean annual discharge and precipitation
is varied throughout the basin as shown in Fig. 6.
The Mississippi river basin has six main subbasins:
Ohio, Tennes-see, Upper Mississippi, Lower Missis-
sippi, Missouri, and Arkansas-White-Red Rive [101].

Further, the basin has been affected significantly
by climate change, experiencing more variable and
extreme weather patterns. Record- breaking floods,
such as the May 2011 Vicksburg reached 17.1 me-
ters, 4 meter above flood stage have occurred due
to cyclonic activities bringing moisture from the Gulf
of Mexico [28]. Conversely, intense droughts for in-
stance those in 2012 resulted historically low river
stage, showing 18-meter variation within a year.
These fluctuations highlight the potential for more
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Fig. 6. Mississippi and it's sub-basins mean annual discharge and precipitation [101].

extreme weather events, like sever rainfall and pro-
longed drought, which causes further impact on the
region’s hydrology and ecosystems [28].

The Columbia River Basin, the fourth-largest river
system in North America, Carries an average of nearly
247 billion cubic meters (200 million acre-feet) of
water annually, providing both ecological health and
economic activities in the Pacific Northwest [102,
103].The Rio Grande also ranks as the fifth-longest
river in North America, further focusing on impor-
tance of these watersheds and management of water
resources and environmental sustainability [104].

Hudson Bay drainage basin is another key water-
shed which spans north-central Canada and portion
of the northern United States [105]. This watershed
encompasses major rivers such as Nelson and Moose,
whose flows are heavily regulated for hydropower
production. This emphasizes the critical intersection
of water resource management and energy require-
ments within North American watersheds [105].

In the twentieth century, the United States faced
significant challenges in water resource management.
These included the development of water resources,
structural flood control, and the establishment of
centralized systems for drinking water and wastew-
ater treatment [106]. As the focus shifted to the
twenty-first century, the emphasis transitioned to-
ward managing land uses to reduce polluted runoff,
addressing groundwater contamination, restoring the
physical integrity of rivers to reverse declines in
aquatic ecosystems, and protecting the natural capital
of watersheds to enhance ecosystem services [106].

The North American watershed study area in-
cludes significant drainage basins such as the Yukon,

Mackenzie, Saskatchewan, Missouri, and the up-
per Mississippi River basins. These watersheds span
diverse landscapes, from the Great Plains to the Cana-
dian prairies, and include the boreal and tundra
regions of Canada and Alaska. Together, they capture
much of the continent’s variability in snow cover and
seasonal streamflow [107].

2.5.3. South America

South America is among the most diverse conti-
nents in water resources, hosting the world’s largest
river (the Amazon), the longest mountain range (the
Andes), and the driest desert (the Atacama) [108,
109]. However, the continent faces a growing en-
vironmental issue as pollution of rivers and other
surface waters has become increasingly documented
in the literature [110]. South America’s watershed
basins, including major ones like the Amazon, La
Plata, and Orinoco, are subject to substantial envi-
ronmental pressures from rapid urbanization, agri-
cultural expansion, and nutrient loading. These pres-
sures have a significant impact on water quality, eco-
logical balance, and sustainable management prac-
tices across the continent’s varied landscapes [111].

The Amazon drainage basin, the largest hydrolog-
ical basin on Earth, spans approximately 6,000,000
km?, covering nearly 5% of the global land area
above sea level [112]. It also boasts the highest
average discharge worldwide at 209,000 m3/s and
includes four of the world’s ten largest rivers—the
Amazon, Negro, Madeira, and Japura—alongside 20
of the 34 largest tropical rivers as tributaries [41].
Amazon basin has five main tributaries such as Ne-
gro River, Solimoes River, Madeira River, Tapajos
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River and Xingu River, drains various regions across
south America, reflecting the basins vast scale and
hydrological significance. Fig. 7 illustrates the rel-
ative size of the Amazon River compared to other
major watershed basins in the world. As it highlights
the Amazon River Basin as largest river basin in the
global. Accounting for a key proportion of the world
watershed area, focusing on its unparalleled role in
hydrology and biodiversity.

The Amazon river basin receives almost 2,200
mm of precipitation per year [113]. This discharge
of the Amazon River represents around 20% of
total global river run-off [114]. However, defor-
estation and climate change in the Amazon River
Basin caused significant impact on its hydrology.
Forests losses to this basin disrupts the water cy-
cle by reducing transpiration and altering rainfall
patterns [115]. Cut down trees in the basin, expe-
riences less evaporation and moisture release into
the atmosphere, leading to mitigate rainfall and
drier conditions. These variations in the precipita-
tion affect river discharge, availability of water, and
ecosystem stability. Further increasing frequency of
droughts exacerbated by water scarcity, impacting
ecological and agricultural systems [115].in addi-
tion, rapid growth of population, fires in the forest,
mining, expansion of roads network, and land cover
changes leading negative impact in the Amazon river
basin. The Amazon basin is a significant compo-
nents of global biodiversity as well as world water
resource, energy, carbon cycle, ecosystem conser-
vation, and plays a potential role in the global
climate changes, through precipitation recycling and
transformation of moisture to atmosphere [116].
To address these challenges and advance water re-
source management requires innovative approaches

such as Reciprocal Watershed Agreements—referred
to as ‘Watershed’ agreements within South America’s
watershed regions—are grassroots-level conditional
transfers that support land managers in upper wa-
tershed areas, encouraging sustainable management
of forests and water resources. These agreements aim
to create mutual benefits for both upstream stewards
and downstream water users [117].

Additionally, the continent’s watersheds, which in-
clude the Amazon, Parana, Northern Andes, Southern
Andes, Mata Atlantica, Northeast Brazil, and Sao
Francisco, have been comprehensively modeled. This
extensive modeling has mapped over 5,400,000 kilo-
meters of streams and more than 35,700 watershed
units, providing a crucial framework for analyzing
threats and assessing gaps in protected areas across
South America [118]. The Colorado River Basin,
while primarily located in the southwestern United
States, also extends into northern Mexico, impacting
regions in both countries. This river serves as a vital
water source not only for seven U.S. states but also
for the Mexican states of Baja California and Sonora,
highlighting its cross-border importance in arid re-
gions where water scarcity is an ongoing challenge
[119].

3. Future research direction

Future research direction for watershed basin
should emphasize understanding how climate change
affects the availability of water, distribution of dis-
charge and ecosystem services in these regions. It is
critical to explore how changes in weather patterns
and temperature increases impact strategies for water
recourse management. In addition, developing better
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models that integrate social, economic and environ-
mental factors will help to advance water manage-
ment strategies, particularly in areas that share water
resources across countries. For the Nile watershed
basin, research should focus on the effects of land
use on water resources and soil data improvement for
better water management [22-25]. In Europe, future
study could focus on development of hydropower
impact and climate change on water quality, envi-
ronmental and ecological conservation. The Danube
and Rhine Basins, for instance, are facing chal-
lenges related to pollution and habitat fragmentation,
which requires innovative holistic solutions for wa-
ter resources management strategies [48, 74] In the
same way research should focus on sustainable water
management practices to investigate the unique chal-
lenges of each basin. The research should also em-
phasize climate change, deforestation, urbanization,
and watershed health, particularly in developing ru-
ral regions. Mississippi River basin in northern parts
of the United States requires research for integration
of ecology with socio-ecologic factors to balance flood
control with ecosystem health. And studies of effec-
tiveness of water quality monitoring and adaptive
management techniques are essential to reduce the
impact of climate change on water resources and
ecosystems services [26-30]. Ultimately, these re-
search directions will contribute to developing effec-
tive, regional water management strategies, to ensure
the sustainable management of water resources for
both ecological health and human livelihoods.

4. Conclusion

The overview has provided a complete analysis
of major watershed basins all around the world,
focusing on their hydrological, environmental, and
socio-economic importance. As the global need for
water continues to rise due to growth of population,
urbanization, and climate change, the management of
water basins has become increasingly crucial. These
watershed basins are fundamental for sustainability
of biodiversity, supporting production of agriculture,
providing freshwater for communities, and manag-
ing climate patterns. Although, they face numerous
challenges, including overallocation of water, pollu-
tion, climate change effects, and loss of biodiversity,
which threaten their extended sustainability. The ma-
jor basins examined including the Murray-Darling,
Yangtze, Volga, Nile, Mississippi, and Amazon illus-
trate water management complexity across various
continents. Each watershed basin has unique char-
acteristics, yet all share common challenges related

to water scarcity, degradation of ecosystem, and
competing population needs. In specifically, the Mis-
sissippi and Nile basins exemplify the tension among
development of human and environmental preserva-
tion, underscoring the demand for more integrated
and adaptive management techniques. Future re-
search should prioritize addressing these challenges
by highlighting climate resilience, improving water
quality control, and adopting sustainable water us-
age approaches that balance ecological health with
human demands.

This review of literature also highlighted the im-
portance of transboundary cooperation, as many of
the major universal watershed basins are shared
across national borders. Effective management in
these shared basins needs not just technological and
scientific advances but in addition the establishment
of collaborative frameworks that include several
stakeholders, involving governments, localized com-
munities, and the non-public sector. Policymaking
must be grounded in an understanding of both the
characteristics of hydrological watersheds and the
social, economic, and political contexts in which they
operate. The European Union’s Water Framework Di-
rective and India’s National Mission for Clean Ganga
provide vital models for collaborative and participa-
tory management techniques that could be adapted
to other Globalized watershed basins.

Despite progress made in understanding the dy-
namics of the major watershed basins, significant
research gaps remain, specifically in the integration
of natural and social sciences to better understand
human-water interactions. focus of the future study
should be on enhancing monitoring and collection
of data, developing more sophisticated hydrological
models, and exploring the effect of socio-economic
factors on watershed health. Moreover, there is an
urgent demand for targeted research on the fu-
ture viability of watershed basins such as Nile and
Mississippi, which confront significant stress from
over-extraction, pollution, and climate change im-
pact. Sustainable management strategies, informed
by scientific study and local knowledge, will be cru-
cial to maintaining the health and resilience of these
critical hydrological systems.

Ultimately, the sustainable management of water-
shed basins is critical due to water security for future
generations. By concluding these challenges iden-
tified in the review and fostering interdisciplinary
research review and global cooperation, it is possible
to develop more effective management approaches
that will safeguard these essential resources for both
population and ecosystems. Continued research, cou-
pled with strong policy frameworks and collaborative
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techniques, will be necessary in mitigating the grow-
ing challenges of water faced by many of the world’s
most critical watershed basins.
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