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Introduction

rich deposits that support agriculture and wetland habitats. Many fish species,
including salmon and sturgeon, rely on free-flowing rivers for migration and
) reproduction, but dams create barriers that impede their natural life cycles,
Dams havelongbeen heralded as powerfultoolsfor economic development,  often resulting in population declines and ecosystem imbalances. Additionally,
providing essential benefltg suchas hyfiroelectrlc power, flood control, irrigation, stagnant water in reservoirs can lead to reduced oxygen levels, harming
and water supply for growing populations. Across the globe, large-scale dam  aquatic life and creating conditions conducive to harmful algal blooms. The
projects have played a pivotal role in industrialization, urban expansion, and  flooding of large areas to create reservoirs also results in deforestation, the
energy security, offering a renewable energy source that reduces reliance on  gestryction of wildiife habitats, and the loss of biodiversity-rich ecosystems
fossil fuels. However, the construction and operation of dams also come with such as wetlands and river deltas [3].
significant environmental and social challenges. The alteration of natural river
systems disrupts aquatic ecosystemsy affects fish migration patterns’ and Climate Change further Comp|icates the Sustainabi“ty of dam pI’OjeCtS, as
leads to habitat destruction, often resulting in the displacement of indigenous  Shifting precipitation patterns and prolonged droughts affect water availability
communities and local populations. While hydropower is promoted as a clean ~ and hydropower generation. While hydropower is often considered a clean
energy alternative, its ecological footprint, including methane emissions from  €nergy source, large reservoirs contribute to greenhouse gas emissions
reservoirs and changes in sediment transport, raises concems about its long-  through the decomposition of organic matter, releasing methane a potent
term sustainability. The balance between hamessing the benefits of dams and ~ climate-warming gas. Tropical reservoirs, in particular, have been found to emit
minimizing their adverse environmental and social impacts remains a critical  Significant amounts of methane, challenging the perception of hydropower as
issue, requiring a holistic approach that integrates technological innovation, ~ @ completely carbon-neutral energy solution. Additionally, extreme weather

policy reforms, and community involvement to achieve truly sustainable  €vents, such as heavy rainfall and flooding, pose risks to dam safety and
development [1]. structural integrity, increasing the likelihood of catastrophic failures. The 2019

collapse of the Xe-Pian Xe-Namnoy Dam in Laos serves as a stark reminder of

. a- the potential human and environmental consequences of poorly planned and
DGSCI’IptIOI’l maintained hydroelectric projects.

One of the most pressing concerns surrounding dams is their impact
on local communities and indigenous populations. Large dam projects often
require the relocation of entire villages, forcing thousands, sometimes millions,
of people to abandon their homes and ancestral lands. In many cases,
displaced communities face inadequate compensation, loss of livelihoods,
and social disintegration, leading to economic hardship and cultural erosion.
For example, the construction of the Sardar Sarovar Dam in India displaced
thousands of families, sparking widespread protests and legal battles over
land rights and fair compensation. Moreover, changes in water availability
and quality can have severe consequences for downstream communities
that depend on rivers for drinking water, agriculture, and fisheries. Reduced
water flow and seasonal fluctuations caused by dams can lead to conflicts
between upstream and downstream nations, exacerbating political tensions
and threatening regional stability, as seen in disputes over the Nile, Mekong,
and Indus river basins [4].

Dams and hydropower projects have been central to human civilization
for centuries, supporting agriculture, industry, and energy production. Modern
hydropower plants contribute significantly to global electricity generation,
supplying nearly 16% of the world's electricity and serving as the primary
renewable energy source in many countries. Nations such as China, Brazil,
Canada, and India have invested heavily in large dam projects, using them to
fuel economic growth and ensure energy security. The Three Gorges Dam in
China, for example, is the world’s largest hydroelectric facility, generating vast
amounts of power while controlling floods along the Yangtze River. Similarly,
Ethiopia’s Grand Ethiopian Renaissance Dam (GERD) aims to transform the
country’s energy landscape and boost regional development. Proponents of
dams argue that they offer numerous benefits, including stable water supply,
reduced dependency on fossil fuels, and economic opportunities through job
creation and infrastructure development. Additionally, hydroelectric power
is often regarded as a more reliable and scalable renewable energy source

compared to solar and wind, as it can provide consistent electricity generation To address these challenges, sustainable dam development requires a
and energy storage through pumped-storage hydropower [2]. shift toward environmentally responsible practices and innovative solutions
that minimize ecological and social harm. Advances in fish-friendly turbine
designs, fish ladders, and bypass channels have been implemented to
facilitate fish migration and improve biodiversity conservation. Sediment
management strategies, such as controlled water releases and sediment
flushing, help maintain natural river dynamics and reduce downstream erosion.
The integration of small-scale, run-of-river hydropower projects where energy
is generated without large reservoirs offers a more sustainable alternative to
traditional large dams, reducing habitat destruction and minimizing the need
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Despite these advantages, large dams pose considerable environmental
challenges, particularly in terms of ecosystem disruption and biodiversity
loss. The natural flow of rivers is crucial for maintaining healthy freshwater
ecosystems, supporting diverse species such as migratory fish, amphibians,
and aquatic plants. When rivers are dammed, sediment transport is
significantly altered, leading to erosion downstream and the loss of nutrient-
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fair and transparent decision-making. The implementation of international
frameworks, such as the World Commission on Dams (WCD) guidelines,
provides valuable standards for evaluating the social and environmental
impacts of dam projects. Additionally, trans boundary water cooperation
is essential in preventing conflicts between nations that share river basins,
fostering agreements on water allocation, dam operations, and ecological
preservation. Successful models of cooperation, such as the Indus Waters
Treaty between India and Pakistan, demonstrate the potential for diplomatic
solutions in managing shared water resource [5].

Public awareness and grassroots activism have also played a pivotal role in
advocating for more sustainable water management practices. Environmental
organizations, indigenous rights groups, and local communities have mobilized
against destructive dam projects, pushing for alternative energy solutions
and ecosystem restoration initiatives. River restoration efforts, such as dam
removals and habitat rehabilitation, have gained traction in recent years,
with successful case studies in the United States, Europe, and parts of Asia
demonstrating the ecological benefits of returning rivers to their natural states.
The removal of obsolete and environmentally harmful dams, such as the Elwha
River Dam in Washington State, has led to the recovery of fish populations
and the restoration of surrounding ecosystems, highlighting the potential for
reversing some of the negative impacts of past dam development.

Conclusion

Dams and hydropower projects remain essential components of global
energy and water management strategies, providing electricity, flood control,
and irrigation for millions of people. However, the environmental and social
costs of large dam projects cannot be ignored, as they disrupt ecosystems,
displace communities, and contribute to climate change. Achieving a balance
between hydropower development and environmental sustainability requires
a combination of technological innovation, policy reforms, and community
participation. The adoption of sustainable hydropower practices, improved
governance frameworks, and increased investment in alternative renewable
energy sources can help mitigate the negative impacts of dams while
maximizing their benefits. By prioritizing ecological conservation, responsible
water management, and equitable development, nations can move toward
a future where hydropower contributes to sustainable progress without
compromising the health of the planet’s rivers and communities.

Page 2 of 2

Acknowledgment

None.

Conflict of Interest

None.

References

1. Rau, Kerstin, Katharina Eggensperger, Frank Schneider and Philipp Hennig, et al.
"How can we quantify, explain, and apply the uncertainty of complex soil maps
predicted with neural networks?." Sci Total Environ 944 (2024): 173720.

2. Pacci, Sena, Orhan Dengiz, Pelin Alaboz and Fikret Saygin. "Artificial neural
networks in soil quality prediction: Significance for sustainable tea cultivation." Sci
Total Environ 947 (2024): 174447.

3. Carminati, Andrea, Mohsen Zarebanadkouki, Eva Kroener and Mutez Ali Ahmed,
et al. "Biophysical rhizosphere processes affecting root water uptake." Ann Bot 118
(2016): 561-571.

4. Amano, Tatsuya, Tamas Székely, Brody Sandel and Szabolcs Nagy, et al.
"Successful conservation of global waterbird populations depends on effective
governance." Nature 553 (2018): 199-202.

5. Wutich, Amber. "Intrahousehold disparities in women and men's experiences
of water insecurity and emotional distress in urban Bolivia." Med Anthropol Q 23
(2009): 436-454.

How to cite this article: Sozer, Merigli. “Dams and Development: Balancing
Hydropower with Environmental Sustainability.” Hydrol Current Res 16 (2025):

558.



https://www.sciencedirect.com/science/article/pii/S0048969724038671
https://www.sciencedirect.com/science/article/pii/S0048969724038671
https://www.sciencedirect.com/science/article/pii/S0048969724045959
https://www.sciencedirect.com/science/article/pii/S0048969724045959
https://academic.oup.com/aob/article-abstract/118/4/561/2196282
https://www.nature.com/articles/nature25139
https://www.nature.com/articles/nature25139
https://anthrosource.onlinelibrary.wiley.com/doi/abs/10.1111/j.1548-1387.2009.01072.x
https://anthrosource.onlinelibrary.wiley.com/doi/abs/10.1111/j.1548-1387.2009.01072.x

