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Abstract: The current Indian Government’s decision to increase investment in development of 31,350 MW hydropower projects to be 

implemented over the next eight years, has received a mixed response. To promote the hydropower sector and to make it a more viable 

investment for the private players, the government has declared large hydro projects as renewable energy, is assuring budgetary support 

for enabling infrastructure, and offering tariff rationalization. The government is also working on a scheme in which developers may 

receive up to 30% of the project cost as central assistance to further incentivise private investment in setting up of small hydro power 

plants. Environmentalists have raised the alarm and feel that these decisions need to be taken after due consideration of their ecological 

and social implications. Yet risks and safety considerations are often being brushed aside for short-term gains. This paper analyses the 

risks of expanding the hydropower capacity in India that compel caution.  
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1. Introduction 
 

With a Gross Domestic Product (GDP) growth of 7% and 

power demand rising by over 8% this year, India is now the 

third-largest power market globally, and its energy demand is 

set to triple by 2050 [thehindu.com, 2024].  India is now the 

third largest energy-consuming country in the world. This is 

a direct outcome of its rising incomes and improving living 

standards, after China and the USA. It is estimated that India 

will soon become the most populated country in the world, 

adding a city equivalent to the size of Los Angeles to its urban 

population each year. According to experts, to meet the 

increase in electricity demand in the next two decades, India 

needs to add a power system the size of the European Union 

to what it currently has. India also needs to increase its 

renewable energy capacity by 4 times by 2030, and make 

huge investments in strengthening its energy infrastructure, 

energy storage and energy efficiency [IEA.org, 2021]. 

With the fastest and largest urbanization in the world, India’s 

energy demand will increase the most in the world until 2040. 

According to data, 270 million Indians are expected to 

migrate to cities in the next 20 years [Comtois, 2022]. This 

trend is only going to escalate given the agricultural and rural 

distress. This surge has created a crisis-like situation. This 

crisis has the capacity to disrupt normal lives of millions of 

Indians and poses significant challenges to the nation’s 

economic ambitions. The crisis reached its peak in June 

2024 which saw the country’s largest energy deficit in 14 

years. Furthermore, projections indicate that India could face 

a significant power shortfall in 2025 and beyond. The 

country’s power demand is growing at a rate of 6% annually 

and will double by 2045 [ Eric Koons, 2024 in energy 

tracker]. 
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Source: Reuters 

 

The growing crisis, evident from the figure above, forced the 

government India to import coal. It is significant to note that 

although India is the second largest coal producer, it is also 

the second largest importer of coal in the world and nearly 

17.5% of all coal imports worldwide came from 

India[newindianexpress.com]. India’s overdependence on 

fossil fuels, particularly coal and oil, is becoming a liability 

in the context of climate change demands. Moreover, Coal 

fired power plants who alone account for over 70% of 

electricity generation, lead to resource depletion and 

increasing dependence on imports with volatile prices that 

can have a negative impact on the country’s economy 

[Arunoday Mukharji. BBC News]. Moreover, the over 

dependence on fossil fuels is beginning to have a huge impact 

on India’s carbon footprint. In the last decade India has 

emerged as the third largest carbon emitter in the world after 

China and USA, most of which can be attributed to the over-

dependence on fossil fuels [J Clean Prod 2022]. The total 

annual GHG emissions are projected to reach 2.1 to 2.4 times 

of present value by 2050 unless concrete steps are taken in 

time [Appl Energy 2019]. The impacts of climate change are 

already visible in terms of frequent floods and heat waves. 

India has one of the highest populations vulnerable to sea-

level rise and many Indian cities are approaching dangerous 

levels of heat and humidity [Arun Kumar Dwivedi, 

Archana Soni 2023]. Some parts of India have seen the 

world’s worst levels of air pollution with the PM2.5 

concentration in most of India being ten times higher than the 

WHO pollution guidelines [TOI 2025]. According to a World 

Bank report, “All of India’s 1.4 billion people (100% of the 

country’s population) are exposed to unhealthy levels of 

ambient PM2.5 – the most harmful pollutant - emanating from 

multiple sources.  

 

This puts India in a precarious position making it urgent for 

the government to take concrete steps to balance the challenge 

of limiting the environmental impact of rising population and 

per capita energy consumption. Consequently, the Indian 

government is making a significant push to meet 50% of its 

energy requirements from renewable energy by 2030 and 

reduce its undue dependence on fossil fuels. A large part of 

this target has necessitated an increased push hydroelectric 

power. Hydroelectric power is still considered a preferred 

option over solar and wind energy for electrical power 

generation, as are not seen as stable sources for large scale 

transmission due to their intermittency issue that makes grid 

integration problematic. Moreover, the exponential cost of 

storage of solar and wind energy is another factor that makes 

these two options less popular. Contrarily, Hydroelectric 

power, is popular for being the more reliable and consistent 

source. Besides, being comparatively cost effective, it 

provides the additional benefits of secure irrigation water for 

agriculture, flood control, tourism etc. It also provides 

employment and employment opportunities in the remoter 

areas [US department of Energy]. This is extremely 

significant in India where Agriculture is the mainstay of the 

rural economy and provides employment for nearly 50% of 

our population.  
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It is in these circumstances that the government has taken the 

decision to increase the hydropower output since the country 

has tremendous hydropower potential. India is endowed with 

large hydropower reserves that are estimated to be capable of 

meeting a demand of around 85 GW at a 60% load factor, 

making it the fifth in the world in terms of usable hydropower 

potential [www.worldenergy.org 2016, pwc.in 2014,17]. 

 

The Government of India has taken various initiatives to 

harness the hydro-power potential including the hydro 

pumped storage potential by announcing the flowing 

incentives to both, states and private investors:  

• Declaring large hydropower projects (capacity above 25 

MW) as renewable energy source. 

• Announcing Hydro Renewable Energy Consumption 

Obligation by Designated Consumers. 

• Conducting Tariff rationalization measures for bringing 

down hydropower tariff to make projects more 

economically viable for private investors.  

• Offering Budgetary support for Flood Moderation/Storage 

hydroelectric projects. 

• Offering Budgetary support towards cost of enabling 

infrastructure, i.e. roads, bridges, ropeways, railway 

siding, communication infrastructure and Transmission 

Line from powerhouse to the nearest pooling point, 

including upgradation of polling substations of State or 

Central Transmission Utility. 

• Waiving of Inter State Transmission System (ISTS) 

charges for hydroelectric projects and PSPs. 

• Announcing Central Financial Assistance (CFA) to the 

State Governments of Northeastern Region (NER) 

towards their equity participation for development of 

Hydro Electric Projects in the NER through Joint Venture 

collaboration between State entities and Central Public 

Sector Undertakings. 

• Reducing timeline by Central Electricity Authority (CEA) 

for concurrence of Detailed Project Reports (DPR) of 

hydroelectric projects and PSPs. 

Source: Ministry of Power, Dec 2024 

 

Moreover, the government is offering financial assistance and 

simplifying approval procedures, in an effort to facilitate the 

rapid advancement of hydroelectric initiatives.  

 

These steps however have been criticised for their lack of 

regulatory and accountability measures and on the grounds 

that they don’t factor in the ecological risk and the human 

displacement cost adequately. This paper examines these risks 

in detail to understand the real human and ecological price 

attached to this source which needs to be considered before 

embarking upon a major expansion. 

 

2. Challenges of Hydropower 
 

The Himalayan belt of India with states like Himachal 

Pradesh which has the  Sutlej, Beas, Ravi, and Chenab, 

Uttarakhand with key River basins like those of the Ganga 

and its tributaries such as Bhagirathi and Alaknanda, Jammu 

and Kashmir and Ladakh  with vast river networks, including 

the Indus, Jhelum, and Chenab, Arunachal Pradesh with  

rivers like the  Brahmaputra and its tributaries, which include 

Subansiri, Lohit, and Siang, Sikkim due to rivers like the 

Teesta and Rangit and Meghalaya with its heavy rainfall, and 

several fast-flowing rivers and waterfalls, offer the maximum 

hydropower potential, which is essential for the country's goal 

to increase its renewable energy capacity.  However, this 

region also has unique challenges and potential risks, making 

the process complex and often unsafe. The key challenges that 

need to be considered o assess long term viability of projects 

in this region are as follows:  

 

(a) Geological Vulnerabilities 

The Himalayan region sits on what is known as the Indus-

Yarlung Suture Zone (IYSZ), the line where the Indian and 

Eurasian plates meet. This zone is under constant stress from 

the movement of the plates, making it one of the most active 

earthquake belts in the world [geolsoc.org.uk]. this zone is 

prone to earthquakes due to this constant seismic activity. 

These earthquakes are destructive and leave discernible 

changes in the topography of the ground surface. Major 

earthquakes viz. the Chamoli earthquake in 1999, the 

Kashmir earthquake of 2005, the Sikkim earthquake of 2011, 

Nepal earthquake of 2015 caused widespread landslides in the 

Himalayas and massive destruction to life and property 

[Pareek et al., 2013, Collins and Jibson, 2015].  

 

Even the low intensity earthquakes are harmful for the sharp 

elevated topography and can trigger seismically induced 

landslides which are more damaging. Studies have revealed 

that landslides were responsible for approximately 70% of all-

earthquake-related casualties that were not caused directly by 

ground shaking [Ritu Raj Nath, Naveen Pareek, Mukat Lal 

Sharma 2022]. Impacts of seismically induced landslides are 

of long-term nature, manifesting their damage intensity in 

terms of indirect socio-economic losses [ Journal of Earth 

System Science,2025].  

 

Moreover, climate change is impacting weather patterns, 

melting glaciers and destabilising mountain slopes, adding to 

the dangers associated with earthquakes in the Himalayas. 

The melting of thick ice sheets, due to climate change, could 

reduce load on the earth’s crust and this could cause “micro-

level earthquakes” (or those with a magnitude less than 3 

[Jacob Koshy, the Hindu 2023], enough to cause gradual 

damage to hydropower infrastructure. The 2021 flash flood in 

Uttarakhand was caused when a large chunk of a glacier broke 

off in the Indian state  triggering an avalanche rather than an 

earthquake, damaging an under-construction dam 

[theWire.in 2023].The Himalayas are also warming 

faster than the global average – in 2022 the 

Intergovernmental Panel on Climate Change estimates that 

under a scenario of moderate carbon emissions, Himalayan 

glaciers would lose 10-30% of their mass by 2030, which 

itself should be a huge deterrent to building hydropower 

infrastructure without due diligence. . 

 

Numerous studies have revealed that earthquakes can be 

induced by human activity, and this has been 

documented since the 1960s in the case of hydropower dams, 

because of large reservoirs and what is called reservoir-

induced seismicity (RIS). This refers to the pressure created 

by water in a large reservoir on or near a fault line leading to 

slippage of the Earth’s crust underneath, causing an 

earthquake [Joshi, Umesh Raj & Maskey, Ramesh & Kafle, 

Kumud, 2020]. There are currently about 100 operational 

hydropower dams across the Himalayan region, with an 
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additional 650 planned or under construction, including in 

China, India, Pakistan, Nepal, and Bhutan. If all these projects 

are completed, the Himalayas will become the most dam-

dense region in the world, especially in particular areas such 

as the Chenab region in Jammu and along the Brahmaputra 

in Arunachal Pradesh [Li, D., Lu, X., Walling, D.E. et al 

2022]. 

 

The 1967 M6.3 Koyna earthquake within about 5 years after 

the impoundment of Koyna reservoir drew attention of 

worldwide researchers to understand source mechanism vis-

à-vis associated physical processes responsible for genesis of 

earthquakes in the region. Subsequently, several studies have 

been carried out in the Koyna-Warna region that has 

strengthened our understanding of seismotectonic behaviour 

of the region [R.K. Chadha et al 2008]. For a long time, the 

Deccan Volcanic Province was considered non seismic and 

the incident of 1967, led to deep research on how large 

reservoirs can trigger earthquakes. The 1967 earthquake, 

measuring 6.3, was linked to the dam and changed views on 

reservoir-induced seismicity (RIS). This massive structure 

was designed to support the Koyna Hydro-Electric Project 

(KHP), which is the largest hydroelectric power station in 

India, generating a total capacity of 1,960 megawatts. It is 

important to note that the Western Ghats are located on the 

Indian Shield, a more stable part of the Indian tectonic 

plate. While the Western Ghats can experience earthquakes, 

they are generally of lower magnitude and less frequent than 

those in the Himalayas. Some parts of the Western Ghats are 

classified as Seismic Zone III, indicating moderate seismic 

activity. On the other hand, the Himalayas are a geologically 

young mountain range formed by the ongoing collision of the 

Indian and Eurasian tectonic plates. This collision puts 

immense pressure on the region, causing frequent 

earthquakes. The Himalayas are classified as Seismic Zones 

IV and V, indicating high to very high seismic activity. This 

comparison in the context of the Koyna incident, itself should 

make policy makers take steps to expand hydropower more 

cautiously. While the Koyna Dam stands as a testament to 

human ingenuity, it also serves as a reminder of the potential 

risks associated with large-scale engineering projects [Anup 

K. Sutar, Sunil Rohilla, Himanshu Chaube, Charulata 

Chaudhari, 2025]. The Koyna-Warna region in western 

Maharashtra, India, continues to experience seismic activity, 

even six decades after the impoundment of Koyna Reservoir 

serving as a cautious note to overdoing hydropower 

expansion.  

 

The most recent example of the flash flood in Uttarakhand’s 

Chamoli District in 2021, which ravaged through the valleys 

of the Rishi Ganga, Dhauliganga and Alaknanda rivers 

sweeping away the unfinished Tapovan Vishnugad 

Hydropower Project and inflicted substantial damage on the 

Rishi Ganga Hydropower Project, is another cautionary red 

flag. This is in line with the IPCC 2019 report (Hock et al. 

2019) that cautioned that the mountainous regions susceptible 

to many cryosphere-related hazards, may witness an increase 

in frequency and magnitude and areas of these hazards are 

projected to change as the cryosphere continues to decline. 

 

While this event cannot be directly attributed to climate 

change, it is well known that climate change can lead to 

increase in the frequency and severity of mountain hazards 

[Krishnan et al. 2019; Vaidya et al. 2019; Hock et al. 2019]. 

Often these hazards are of a cascading nature with multiple 

hazards interconnected with a primary hazard trigger and a 

chain of secondary and tertiary hazards. Human interference 

in the mountain environment is rapidly increasing. Mountain 

settlements are increasing in size and land use patterns are 

changing. Infrastructure such as roads and hydropower 

projects are rapidly penetrating mountain landscapes. The 

interplay between natural hazards with human settlements 

and infrastructure is an important aspect, which can 

significantly escalate the impacts of event like the Chamoli 

flood. In the aftermath of recent disaster events, the role of 

infrastructure, especially hydropower and its interplay with 

natural hazards has emerged as a topic of strong debate. It has 

again highlighted that climate change related flow variations, 

extreme events, erosion and sedimentation, and 

GLOF/LDOFs, are some of the environmental challenges to 

hydropower. A comprehensive sustainability framework 

considering financial, environmental and social sustainability 

can help make hydropower a viable energy option [Nie, Y., 

Pritchard, H.D., Liu, Q. et al. 2021, icimod.org – 2021].   

 

(b) Environmental Consequences 

 

1) Landslides  

The Himalayan region is regarded as the powerhouse of India. 

To tap this potential, hydropower projects are mushrooming 

in the Himalayan arc. stretching across till the northeast. The 

process of building dams in this geologically sensitive region 

can induce landslides as the region is characterized by steep 

slopes and fragile geology due to their relatively young 

geological age. The construction activities associated with 

dam building and its infrastructural support in terms of road 

connectivity entails procedures blasting, excavation, and 

tunnelling which can destabilize these slopes. This infra 

structural development also includes clearing large swathes of 

vegetation, which plays a crucial role in stabilizing soil 

increasing the risk of landslides. During the construction of 

the Tehri Dam, large areas were deforested, contributing to an 

increased incidence of landslides in the area. Several villages 

were devastated by landslides, and later, villagers living 

above the waters of the newly created lake were found to be 

living in constant fear of their houses sliding towards the 

water [thewire.in 2017]. Constant movement of Heavy 

machinery and vehicles add to the reverberations caused by 

the construction work leading to an increased likelihood of 

shifts and landslides especially in areas already at risk due to 

geological instability. It is due to this large-scale construction, 

that disasters linked to hydropower projects in the Himalayan 

region have become more frequent in recent years.  

 

Joshimath, in the Indian state of Uttarakhand, that has 

undergone unplanned construction, drastic road widening and 

hydropower projects ignoring multiple warnings saw the 

town sink and majority roads and homes develop cracks due 

to subsidence. Most blamed the rapid unplanned construction 

and the ongoing Tapovan Vishnugad hydropower project for 

their predicament [dialogue.earth. 2023]. In 2021, a rock and 

ice avalanche destroyed the Rishi Ganga project and severely 

damaged the Vishnugad-Tapovan HEP, leaving over 200 

dead, and with estimated losses of Rs 1500 crore. In July 

2022, flash floods following a cloudburst in Malana village of 

Himachal Pradesh’s Parvati Valley and another near Choj 
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village damaged the 100 MW Malana II HEP and led to about 

5 deaths. 

 

The 2022 compilation report by South Asia Network on Dams 

River and People Experts shows that hydropower projects act 

as force multipliers when cloudbursts happen close to them 

[downtoearth.org, 2023]. In Arunachal Pradesh, series of 

disasters marred construction works at the 2,000 MW Lower 

Subansiri HEP — the largest run-of-the-river hydropower 

project under construction in the country demanding greater 

attention to its environmental impact [Upadhyay, R., & 

Upadhyay, P. 2025]. Dams are also responsible for changes in 

river morphology and ecology downstream, their nature 

depending upon characteristics of the original and altered 

flow regimes and sediment loads. Dams disrupt the continuity 

of the river system and, especially its sediment load, 

interrupting the conveyor belt of sediment transport. Dams 

release sediment-starved, or “hungry water” to downstream 

reaches, which may transport sand and gravel downstream 

without replacement from upstream, resulting in coarsening 

of the surface layer termed ‘armouring’, which can destabilize 

slopes Batalla, [Ramon J. 2003 ].  Moreover, when a 

reservoir is filled, the massive body of water exerts pressure 

on the surrounding land. This additional weight can trigger 

landslides in unstable areas. 

 

Water seepage from reservoirs into surrounding hillsides can 

increase pore-water pressure in soils, reducing their cohesion 

and can trigger a cascade of events resulting in slope 

instability and landslide occurrences. This process is 

primarily driven by an increase in soil water content, which 

therefore reduces shear strength and elevates pore 

water pressure [E. Damiano 2019, F. Miao, Y. Wu, Á. Trk, 

2023].  The resulting softening of potential sliding surfaces in 

the soil structure creates conditions conducive to landslide 

initiation, which can be significantly exacerbated by rainfall 

[.P. Ering, G.S. Babu 2016].  Vegetation loss happens when 

natural vegetation cover on slopes is undercut for efficient 

transport network for fulfilling the demands of project. This 

makes landslides worse and they by themselves also loosen 

the vegetation making the barren cover more dangerous and 

mobile [biologydiscussion.com]. Thousands of hectares of 

land are cleared making a loss of precious vegetation cover to 

construct these dams and its supporting access infra structure.  

 

Examples like the construction of the Koteshwar Dam, a part 

of the Tehri Dam project in Uttarakhand, and the Karcham 

Wangtoo Hydroelectric Plant in Kinnaur district in Himachal 

Pradesh has been linked to increased landslide activity in the 

vicinity. Residents have reported more frequent landslides 

following the construction [india.mongabay.com/2020].  

 

The Chamoli disaster of 2021 when a large mass of rock and 

ice from Ronti peak avalanched into the Rishiganga, 

Dhauliganga and Alaknanda rivers, causing their waters to 

flood and destroy local dams and villages is a stark warning 

of how construction of dams in these sensitive areas can 

compound natural calamities. The scientific community 

believed that one of the ‘features’ of the disaster was that it 

was compounded by large-scale dam construction activities 

downstream in the Rishiganga river valley: the swelling water 

toppled concrete and metal structures, and as it raged through 

the valley building momentum, the debris it carried rendered 

it more destructive [science.thewire.in 2022].  

 

3. Biodiversity Loss  
 

The biodiversity loss from dam construction in the proposed 

central and the northeastern upper reaches of India has serious 

consequences. One of the most enormous effects of dams and 

reservoirs is the transformation of the hydrological regime of 

the river [Eng et al., 2013, Zhang et al., 2015]. The reduction 

in the size of floods below dams affects, inter alia, the 

reduction of the range of riparian forests and the loss of 

biodiversity of floodplains [W.L. Graf 1999, and Nislow, 

2005]. Dams alter and disrupt the the river flow. Dams 

interrupt the continuity of sediment transport through rivers 

systems, causing sediment to accumulate within the reservoir 

itself and depriving downstream reaches of sediments 

essential to maintain channel form and to support the riparian 

ecosystem [Walling, D. E. (2006].  For example, by 

constructing the Tehri dam or a hydropower project (e.g. 400 

MW Vishnuprayag project on Alaknanda in Chamoli district 

in Uttarakhand) or on its diversion (Lower Ganga – Bhim 

Goda at Haridwar, Middle Ganga – Bijnor and Upper Ganga-

Narora barrages), we do not leave any water for the 

downstream stretch of river. So complete drying up of the 

rivers for most of the dry months by these structures is the 

first direct impact of these structures on the river. To put it 

mildly, that action practically kills the river. Upstream of the 

dam too, the river gets killed, for immediate upstream there is 

stagnant water, which effects the water quality. Another fall 

out is that the upstream loses its connections with the 

downstream river[https://sandrp.in/2014]. This also causes 

aquifer depletion and can impact the water supply in the lower 

regions.  

 

Moreover, the downstream ecosystems suffer from the lack of 

sedimentation in the water that flows over the dam. Normally, 

nutrient rich sediment regulates and provides nourishment to 

downstream habitats. The dams stop this natural sediment 

flow, and the reduced sedimentation creates less fertile soil, 

stunting the growth of dependent species. The lack of 

vegetative growth can lead to erosion and to the 

destabilization of the surrounding areas [Earthjustice 2023]. 

 

Downstream habitats are also severely impacted by changes 

in salinity and oxygen levels. Due to the high rate of 

evaporation and growth of aquatic vegetation within the 

reservoir itself, water that travels downstream from a dam 

usually has a higher salinity content and a lower oxygen 

concentration than normal [Jalali, L., Zarei, M., & 

Gutiérrez, F. 2019]. This change in the chemical makeup of 

the water creates detrimental conditions for species that 

previously thrived in those areas and impacts the area that it 

flows into. Dams even have negative impacts on ecosystems 

and habitats upstream. Trapped nutrients can facilitate the 

growth of toxic algae blooms [Soued, C., Harrison, J. A., 

Mercier-Blais, S., & Prairie, Y. T. 2022]. 

 

The Sundarbans, the largest remaining areas of mangroves in 

the world, known for its exceptional level of biodiversity in 

both the terrestrial and marine environments, including 

significant populations of globally endangered cat species, 

such as the Royal Bengal Tiger acquires freshwater discharge 
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typically from the flow of the Ganges River [Rahman et al., 

2017] and is a fine example of how man- made changes can 

impact a resilient ecosystem. The development of the Farakka 

Dam in 1975 altered stream hydrology significantly and has 

since stunted the growth of the islands as a result of the 

sediments that the dam keeps back. This will lead to 

increasing risks to both the health of the mangrove forest and 

the human population as sea levels rise and the severity and 

strength of tropical storms intensify as a result of climate 

change [internationalrivers.org]. 

 

The NE India is included in two global biodiversity hotspot 

areas: Eastern Himalaya and Indo-Burma [Myers et al., 

2000; Mittermeier et al., 2011]. The project site of the 

LSHEP and its submergence areas of 4030 hectare are parts 

of evergreen forest tracts of the Eastern Himalaya biodiversity 

hotspot [Choudhury 2013]. These forests are home to several 

IUCN red listed fauna, including Endangered species such as 

Bengal tiger, Dhole, Bengal slow loris, Fishing cat, Black 

musk deer, Hog deer, etc.; and ‘Vulnerable’ species include 

Asiatic black bear, leopard, clouded leopard, Gaur, Capped 

langur, Binturong, Sambar, Takin, etc. Some of the other 

threatened animals found here are Marbled cat, golden cat, 

Assamese macaque, Large Indian civet, Malayan giant 

squirrel, etc. [Choudhury 2013, 2016, 2018]. The 

submergence area is a critical habitat of several threatened 

and endemic amphibian and reptilian species [Ahmed et al., 

2009; Varadaraju 2018]. The submergence area is a part of 

the ‘Subansiri Important Bird area’ and thus avifauna of the 

area is also promisingly diverse, some of which are Rufous-

necked Hornbill (Vulnerable), Steppe eagle (Endangered), 

Himalayan vulture (Near threatened), Blyth’s Tragopan 

(Vulnerable), Great Hornbill (Vulnerable), Bengal florican 

(Critically Endangered) (Choudhury 1998), White-winged 

wood duck (Endangered), etc. [Choudhury 1996, 1997, 

1998, 2007]. All these animals are protected in India under 

Wildlife (Protection) Act, 1972. 

 

Dr. Anwaruddin Choudhury, an eminent naturalist of NE 

India, reported that the forest area along the border of Assam 

and Arunachal Pradesh, including the project site of LSHEP, 

is a part of the contiguous habitat of the Endangered Asiatic 

elephant [Choudhury 1999, 2004; Williams et al., 2020]. 

The Subansiri river is an important habitat of the Endangered 

Ganges River dolphin [Anderson 1879; Wakid et al. 2010], 

which is the state aquatic animal of Assam, and national 

aquatic animal of India [Mazumder et al., 2014]. The 

dolphin inhabiting section of Subansiri river is just 12 km 

downstream of the project site. Thus, the project-induced 

altered flow regimes would make the upstream reaches 

shallow thereby devastating their habitat and extirpate the 

entire resident dolphin population [Baruah et al. 2012; 

Wakid et al. 2010]. In addition, researchers have reported 

over 204 species of fishes from the lower Subansiri river, 

including Golden mahseer - an Endangered migratory fish 

species [Das et al. 2013; Bakalial et al. 2014]. Similar 

impacts of dams and barrages on aquatic life and the dolphin 

has been surmised from the Barak [Choudhury et al. 2019] 

and the Ganges River (Sinha and Kannan 2014). Since the 

Subansiri river contributes about 10% of the flow of the 

Brahmaputra River, the dam-induced altered flow regimes 

would also affect the dolphins and other aquatic life in the 

Brahmaputra River substantially [Goyal et al. 2018]. 

For the construction of the LSHEP, a large stone quarry has 

been set up on the downstream river bank (Fig. 4B). 

Furthermore, quarrying of boulders and sand has resulted in 

disturbances in the river, affecting siltation, sedimentation, 

and aquatic bottom fauna. These activities of the dam 

developers are in violation of the 2004 verdict of the 

honorable Supreme Court of India. In addition, about 70 km 

of road has been constructed so far, and about 1500 workers 

are currently working at the project site. During the 

construction, a large tract of the forest has already been 

cleared, and the commissioning of the dam would submerge 

another huge chunk of primary forest [Vagholikar and 

Ahmed 2003]. 

 

In addition to the aquatic life, the downstream valley of the 

Subansiri river is home to some of the splendid wildlife 

species, including Bengal florican (Critically Endangered), 

Asiatic wild water buffalo (Endangered), Asiatic elephant, the 

Great Indian One-horned rhino (Vulnerable), etc. 

[Choudhury 2013, 2018]. Some of the noteworthy avifauna 

found here includes ‘Critically Endangered’ species like 

Oriental White-backed vulture; ‘Endangered’ species like 

Greater Adjutant stork, and migratory birds, including Bar- 

headed goose, Ruddy Shelduck, Gadwall, Mallard, Eurasian 

Wigeon, Red-crested Pochard, Common Pochard, Tufted 

duck, Ferruginous duck, Great crested Grebe, Black Stork, 

Great Cormorant, Common Kestrel, Peregrine Falcon, Black-

eared Kite, Osprey, Himalayan Vulture, Griffon Vulture, 

Eurasian Marsh Harrier, Pied Harrier, Northern Lapwing, 

Grey-headed Lapwing, Pacific Golden Plover, Common 

Sandpiper, etc. [Choudhury 2000; Grimmett et al., 2011]. 

 

The Subansiri is an interlaced river, and forms a large number 

of Chapories (riverine islets, sandbars and tracts) during lean 

season, while several of them are perennial. These Chapories 

are the lifeline for several wildlife species, providing refuge, 

and grazing and nesting grounds [Choudhury 2013]. The 

presence of the dam will threaten this entire natural ecosystem 

and hydrology impacting the precious biodiversity of this 

region.  

 

Another example is the impact of building dams on the 

Bhagirathi and Ganga rivers. These dams create obstructions 

across rivers inhibiting the migration of fish and other aquatic 

species leading to the isolation of habitats, which can affect 

the genetic structure of populations. Studies have shown that 

these golden mahseer in these rivers are an essential part of 

the conservation plan to maintain the genetic diversity within 

the basin [india.mongabay.com/2020].  Found in cold-water 

habitats of the Himalayan region, the presence of the 

endangered golden mahseer, a flagship species, indicates 

healthy freshwater ecosystems. The fish is very sensitive to 

change in water temperature; therefore, small climatic 

fluctuation may lead to a change in its genetic structure. Dams 

and barrages across rivers disrupt ‘longitudinal connectivity’ 

or the free flow of water, sediment, and organisms. These 

barriers limit the dispersal of species and create isolated 

microhabitats. Previous studies have shown that the barrier 

effect caused by Tehri dam, located at the confluence of 

Bhagirathi and Bhilangana, has resulted in a decline in the 

populations of mahseer upstream of Bhagirathi River, 

according to a 2012 WII report [indiawaterportal.org]. 
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These are just few instances to point out the loss that needs to 

be considered seriously.  

 

4. Sediment starvation and Geomorphic 

Collapse 
 

Globally, it was always acknowledged that dams could play a 

crucial role in flood control by holding on to sediments that 

could play havoc downstream. However recent instances have 

created doubts about this claim making it extremely important 

for Governments to make a more thorough assessment before 

expanding the Dam network in haste. It is evident that dams 

in the Himalayas have strongly impacted the river system 

management, impeding not only the movement of river flows 

but also the delivery of sediments downstream creating 

geomorphic disconnectivity in the channels. Numerous 

studies have demonstrated the relevance of the changes in 

sediment load and the degree of river disconnectivity through 

geomorphological Beld observations [Jain and Tandon 

2010; Singh and Sinha 2019; Yang et al. 2019]. It cannot be 

overlooked that the  Himalayas are  susceptible to hazards 

mainly because of its rugged topography, high relief, rainfall 

distribution, lithology, and complex geological structures, 

where any extreme event like high-intensity rainfall, Cash 

Coods, glacial lake outburst Coods (GLOFs), landslide lake 

outburst Coods (LLOFs) and an earthquake that can trigger 

landscape changes [Wasson et al. 2013a, b; Ziegler et al. 

2014; Veh et al. 2019; Panda et al. 2020; Sharma et al. 

2021]. 

 

The Uttarakhand disaster of 2013, a cloudburst-driven lake 

breach event is considered as the largest hydrological extreme 

in the past millennium [Wasson et al. 2013a, b]. The event 

resulted in devastating floods and landslides, discharging a 

huge quantity of water and sediments downstream into the 

river leading to massive loss of life and economy [Chahal et 

al. 2017]. Studies have shown that a river carves its channel 

size naturally, construction of dams on them changes the 

volume of waters and sediment. This excessive 

sediment/water bulks the riverbed and modifies the channel 

morphology significantly. The magnitude of these changes 

depends upon the channel gradient and the geology that the 

channel traverses. The sediment–water routing during such 

large-scale events as it interacts with the geology of the 

mountain often leads to changes in riverbed elevation, 

planform, and active channel width that may remain transient 

for decades or may get overprinted with subsequent events 

[Wasson et al. 2013a, b].  

 

During the 2013 event, the muck of the Srinagar hydro project 

played a negative role and damaged lower Srinagar.  The 

Srinagar Hydropower projects (height and capacity of dam 

are 90 m and 330 MW, respectively, and the storage capacity 

of reservoir is 3.63 million cubic meters) blocked the 

connectivity of the river channel and arrested the bedload 

significantly in the reservoir upstream and obstructed the flow 

of sediment to downstream reaches. Sundriyal et al. (2015) 

infer that during the peak of 2013 flood, dam’s gates were 

opened that spilled the suspended load in the downstream 

which contributed to raising the riverbed locally during the 

flood significantly, and as a result, the floodwaters of 2013 

achieved flood levels that were 3–4 m higher than that of 1970 

floods. Many studies in the area after the disaster showed that 

the stored muck released by the dam bulked the river in the 

vicinity of dam in downstream, reflected in the form of 

increased aggradation. This suggests that the reservoir 

actually added to woes in terms of long-term natural ways of 

sediment transfer in the channel, worsening the tragedy. 

 

Himalayan states, being geodynamically active, are 

susceptible to natural hazards and underscore the importance 

of the criticality of site selection for the construction of dams. 

A significant number of dam failures are reported, and their 

being is questioned [Lwarkha et al. 2020; Srivastava et al. 

2021]. Considering the recent extreme event in Rishiganga 

[Rana et al. 2021; Shugar et al. 2021] and the failure of 

Vishnugad hydro project to cope with the risk reflects the poor 

knowledge of potential site selection for dam construction 

[Kumar et al. 2021]. The Himalayan rivers inherently 

transport exceptionally large amount of sediment due to the 

glaciers in their headwaters, during extreme 

hydrometeorological events this moves down and when this 

combines with the held-up sediment load in the dam during 

heavy rains, it can be catastrophic. Thus, it is important to 

understand the consequences of dam construction on the 

geomorphic connectivity and its potential damage to the 

ecosystem. Dams that cause channel disconnectivity or any 

other engineering intervention that does not allow effective 

sediment transfer should be avoided.  

 

More than 80% of the total hydro potential of the country lies 

in the western Himalayan states (Jammu and Kashmir, 

Himachal Pradesh, Uttarakhand and Arunachal Pradesh 

[Sharma and Thakur 2016]. These are areas where flood 

waters provide overwhelmingly high thrust to dams due to 

high gradients, stream power, and availability of large amount 

of sediments that lead to failures and loss of life and property 

repeatedly. This risk cannot be ignored due to change in 

precipitation patters owing to climate change. 

 

Disasters linked to hydropower projects in the Himalayan 

region have become more frequent in recent years. The latest 

example of this can be seen in Uttarakhand’s Joshimath town, 

where more than 800 buildings have developed cracks due to 

subsidence. One of the reasons for this was the ongoing 

Tapovan Vishnugad hydropower project. 

 

In 2021, a rock and ice avalanche destroyed the Rishi Ganga 

project and severely damaged the Vishnugad-Tapovan HEP, 

leaving over 200 dead, and with estimated losses of Rs 1500 

crore. In July 2022, flash floods following a cloudburst in 

Malana village of Himachal Pradesh’s Parvati Valley and 

another near Choj village damaged the 100 MW Malana II 

HEP and led to about 5 deaths. The 2022 compilation report 

by South Asia Network on Dams River and People Experts 

shows that hydropower projects act as force multipliers when 

cloudbursts happen close to them [downtoearth.org 2023].  

 

Moreover, the Himalayan Rivers are considered a lifeline for 

billions of people, providing drinking water and supplying 

sediment nutrients for food production in the region (NRC, 

2012). During dam construction, sediment yields may change 

[Magilligan et al., 2021, R. Sinha et al. 2019, A. Das et al. 

2017, K Ghosh 2022], affecting ecosystems and livelihoods 

downstream as the plains that rely on these sediments for their 

fertility may lose out. 
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 4.1 Emission of greenhouse gases 

 

Hydropower is traditionally regarded as a low-carbon energy 

source. However, some      studies have suggested that 

hydropower production could potentially release more GHG 

emissions than fossil fuel energy from a life cycle perspective, 

especially considering the large amount of methane emitted 

from flooded biomass [P. Denholm et al. 2004, Varun et al 

2012, S. Zhang et al 2015].   

 

Dams emit greenhouse gases (GHGs) primarily from the 

decomposition of flooded organic matter in reservoirs, a 

process that releases methane and carbon dioxide. These 

gases then escape into the atmosphere through various 

pathways, including diffusion, bubbles (ebullition), and 

degassing when water passes through turbines [US 

Department of Energy].  

 

Steinhurst et al estimated that tropical reservoir-based dams 

could emit 1300–3000 g CO2 eq./kW h, compared to 400–

500, 790–900, and 900–1200 g CO2 eq./kW h for 

thermoelectric plants using natural gas, oil, and coal, 

respectively. Similarly, Fearnside (2015) compared the 

hydropower generated from the Petit Sau  (French Guiana) 

with electricity generated from combined-cycle natural gas 

and found that the GHG emissions from the dam are 19 times 

higher than the natural-gas-based electricity. These 

contradictory conclusions of dam GHG emissions reflect our 

limited understanding of the overall sustainability of 

hydroelectric dams and the associated implications on the 

optimal design and operation of these dams.  

 

These findings exhibit that the lack of consistent long-term 

research about reservoir-based GHG emissions in many areas 

of the world is a major obstacle towards achieving an accurate 

global estimate [Dos Santos, Marco & Rosa, Luiz. 2011].  

 

Rivers when unfettered and healthy help regulate an 

increasingly volatile global carbon cycle by drawing 

an estimated 200 million tons of carbon out of the atmosphere 

each year. This is just one of the dozens of essential services 

provided by free-flowing freshwater ecosystems, which range 

from provision of food to flood mitigation and access to water 

supply [https://www.whoi.edu/press-room 2015].  

 

4.2 Social and economic implications 

 

Construction of dams in the Himalayas and Northeast India 

has significant impacts on both livelihoods and social 

structures in these regions. This impact assumes greater 

complexity as these regions have unique ecological, cultural, 

and socio-economic characteristics. Large dam projects often 

result in the of vast tracts of land, leading to the displacement 

of local communities and impacting their livelihoods as most 

indigenous people of these communities rely heavily on 

agriculture, forestry, and fisheries for their livelihood. Lack 

of adequate arrangements for their resettlement that can 

ensure an equivalent or better living conditions and 

employment opportunities, make these people extremely 

vulnerable economically and socially. Moreover, most of 

these indigenous communities have very strong cultural and 

spiritual connections to their land and rivers. This is stronger 

as before the infrastructural development associated with 

Dam construction, most of these communities lived an 

isolated existence with very little exposure to the rest of the 

country and the world. Displacement makes them fear the loss 

of cultural heritage, traditional knowledge, and social 

cohesion as people are displaced and dispersed.  

 

Moreover, the decision-making processes surrounding dam 

construction often excludes local communities. This builds a 

feeling of disenfranchisement and mistrust in governmental 

authorities. Lack of participation can undermine community 

empowerment and resilience. The protest movement against 

the Tipaimukh dam, Pagladiya dam, Siang dam and the 

Subansiri dam are some of the examples of grassroots 

movements against mega hydropower projects in the 

Northeastern region [Hussain 2008: 101]. These protests 

against the mega dam projects in Northeast India highlight 

the issues related to land acquisition, compensation, 

resettlement as well as rehabilitation for displaced and 

project-affected people. This includes, among other things, 

the issues of Internally Displaced People (IDP). Loss of 

traditional means of livelihood and community networks and 

the fear of the possible collapse of the dam due to natural 

calamities have undermined their cultural rights as well as 

their right to life.  The issues of resettlement and rehabilitation 

have pitched the policymakers, and even the government 

against its own citizens. Large hydro projects in India have 

been resisted on environmental grounds, and for violating 

human rights.  The citizens of the region have organised 

movements against the state-sponsored mega dams, because 

these projects are responsible for both physical displacement 

and livelihood displacement. The protest movement against 

the Tipaimukh dam, Pagladiya dam, Siang dam and the 

Subansiri dam are some of the examples of grassroots 

movements against mega hydropower projects in the 

Northeastern region (Hussain 2008: 101). People are also 

protesting the perceived threat of the dam collapsing because 

of natural calamities like earthquakes as the area is 

seismically sensitive and vulnerable to floods and landslides. 

There is also growing rivalry between the protests in assam 

and Arunachal Pradesh over the issue of power sharing which 

is an integral aspect of politics of big dams, which are located 

in more than one state [Kaushik Deka 2010].  

 

According to the project authorities the lower Subansiri dam 

dam will submerge the agricultural lands of two villages, 

Gengi and Siberite. The families to be affected belong to the 

Gallong tribe, a subgroup of the Adis. These are agricultural 

communities practicing jhum cultivation, terrace rice 

cultivation and wet rice cultivation near the riverbed. Besides 

they also depend on forest for their livelihood. So, all these 

resources will no longer be available once they are displaced. 

Although they were promised housing and homestead land, 

cultivable land (one hectare), civic amenities, schools and 

vocational training in animal husbandry, horticulture, 

weaving and other activities, there have been differences in 

what was promised and what has been delivered.  Like 

Subansiri, Tipaimukh hydroelectric project also has been the 

bone of contention between the government and the affected 

people. The project will submerge the national highway no. 

53, the only alternative to Imphal Dimapur lifeline (NH 

No.39). Hence new alignment of the submergible points on 

the road will add a distance of another 60 kms to the existing 

Imphal-Jiribam-Silchar road. Though Manipur and Mizoram 
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have been promised 12 percent of the output as royalty, the 

critics have long been warning that the dangers far outnumber 

the potential benefits. For instance, the Naga leaders claimed 

that the dam would submerge the socially and economically 

important places. The site chosen for the dam on the Tuivai 

river was also prone to intense seismic activity. The dam will 

also submerge various historical and legendary sites and 

sacred groves with vital spiritual and cultural significance to 

the communities and lead to destruction of rich biodiversity 

which is threatening the peoples’ right to life and livelihood. 

Like other development projects in the northeast, here too, the 

people that are most adversely affected are tribes: the 

Zeliangrong a constituent of three Naga tribes and the Hmar 

will be the direct victims of the project [Linda 

Chhakchhuak, 2006, Arora, V. and Kipgen, N. 2012]. 

 

The Loktak project is another example of how the local 

communities were impacted. The wetlands known for their 

socio-economic significance and rich cultural heritage but has 

been decimated by the construction of the contentious and 

controversial 105 MW Loktak Multipurpose Hydroelectric 

Project (Loktak HEP). For generations, the people of 

Manipur, the Meitei, Nagas and Kukis, lived in close 

proximity to the oscillating flow of the wetlands and 

depended on them for their livelihoods. According to Meitei 

folklore, Loktak is home to the revered mythical horned 

python called Poubi Lai, which exhibits its cutlral 

significance for the communities.  The same Local 

communities were dealt a further blow when the Manipur 

Loktak Lake Protection Act (LPA) was promulgated in 2006 

to ensure an uninterrupted water flow for the Leimatak Power 

Station under the pretext of protecting the wetlands. The law 

divided the wetlands into zones that prohibits various 

activities, including fishing and waste disposal, that 

undermines the community’s human rights. The Loktak HEP 

caused massive displacement of the Meitei people of 

Manipur. Many families were banished with no 

compensation, resettlement or rehabilitation plan in place. 

The communities had no choice. In November 2011, nearly 

700 phumshang or floating huts were burnt down by the 

government, affecting more than 3,000 people, and many 

women from Langol Shabi and Nambul Machin areas. Even 

those who chose to stay face bleak prospects.  

 

An estimated 83,450 hectares of agricultural lands on both 

sides of Ithai Dam has been affected. Paddy fields and natural 

fisheries which have been in existence for hundreds of years, 

sustaining families for generations, have been submerged, 

directly affecting more than 100,000 individuals, mainly of 

the Meitei community. Once self-sufficient, Manipur now 

imports food. The impact on the lives of local communities 

and women in Loktak and the surrounding areas have been 

severe. Women cannot fish or collect edible plants, or trade 

their goods at the market, anymore. They are also not able to 

keep their cows and buffaloes, since this land is now 

submerged. The impact of the Ithai Barrage and the Loktak 

HEP goes far beyond the Loktak Wetlands. It’s even called 

local traditional earthen pottery works as the the sudden 

release of water from the barrage and the deposition of 

sediments in the repeated flooding has covered the area where 

villagers collect the earth suitable for pottery 

[www.internationalrivers.org 2021]. 

 

It’s no different in the upper north areas. The Srinagar Dam, 

with a capacity of 330 MW, spans from Kaliyasaur to 

Srinagar, covering a 16-kilometer stretch of the Alaknanda 

River was commissioned in 2014. It submerged vast tracts of 

agricultural land, forests, and human settlements, affecting 

both the natural landscape and the livelihoods of local 

communities [Rawat GS, Adhikari BS 2016]. The dam's 

construction has led to the submergence of over 1900 hectares 

of land, including 339 hectares of forest area, which has 

significant implications for biodiversity and ecosystem 

services in the region (Draft 12th Five Year Plan, 2012-

2017). The socio-economic impact of the Srinagar Dam is 

equally profound. The dam has led to the displacement of 

communities, loss of agricultural land, and changes in 

traditional livelihoods. Villages such as Dhari, Barkot, and 

Koteshwar, among others, have been particularly affected, 

with many residents forced to relocate due to the reservoir's 

rising waters [Saxena R, Gupta S 2017].  The socio-cultural 

fabric of the region has been disrupted, with long-standing 

practices of agriculture and animal husbandry giving way to 

new forms of livelihood, often linked to the burgeoning 

tourism industry that the dam has inadvertently fostered [Pant 

R, Agarwal M, Juyal N 2019, Bisht M, Joshi RK 2020, 

Singh S, Rawat R 2021].  These examples emphasise the fact 

that the governments must also take into account the socio – 

economic fallout of dam building and not treat the matter 

unconcernedly.  

 

5. Conclusion  
 

India’s economic growth, urbanization, industrialization and 

population explosion in the last decades has increased the 

demand for power supply substantially. At the same time there 

is tremendous global pressure on India for reducing carbon 

emission which has diverted the focus towards greener energy 

sources, including hydropower [Moran et al., 2018; 

Choudhury and Dey Choudhury 2020a]. 

 

Chasing ambitious goals, the Government of India is moving 

rather swiftly with its plans to expand dams across the 

Himalayas with more emphasis on the Northeast and 

Kashmir. The government and proponents of large dams in 

the region paint a win-win picture: exploiting the country’s 

largest perennial water system to produce cheap, plentiful 

power for the nation, economic benefits through power 

export, employment generation, the end of militancy, flood 

control and little direct ‘displacement’ of local communities. 

Dams are made out to be the panacea for all the problems of 

the northeast [Kohli, Kanchi. 2003].  

 

Lessons from past dams and the impact it has on the local 

ecosystem are often overlooked to exploit the situation. The 

fallout of existing dams shows that there is very little fact 

finding and groundwork done. Moreover, legal violations by 

project authorities, lack of transparency and little scope for 

effective people’s participation in decision-making only 

worsens the situation. It would be better if the governments 

take a more cautious approach keeping in mind the warning 

of the World Commission on Dams (WCD)12 established by 

the World Bank and the International Union for the 

Conservation of Nature, as early as in May 1998 in response 

to the large dam debate. The first independent assessment of 

dams report concluded that “while dams have made an 
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important contribution to human development and benefits 

derived from them have been considerable, in too many cases 

an unacceptable and often unnecessary price has been paid to 

secure those benefits, especially in social and environmental 

terms, by people displaced, by communities downstream, by 

taxpayers and the natural environment [WCD, November 

2000].” The last quarter of the 20th century saw a gradual 

shift in opinion with reference to large dams. Globally, the 

construction of new dams has fallen by 60% since the 1970s. 

Additionally, dams which do not serve their purpose or are 

too expensive to maintain are being decommissioned and 

there is an increasing momentum towards river restoration. 

Even the argument that hydro power is a clean energy option 

has been dispelled as reservoirs have been found to emit 

greenhouse gases. 

 

Thus, it is significant to note that while the dam construction 

has been reduced in developed economies, the developing 

ones like India are powering ahead without learning from the 

lessons of the past. Hydropower comes with enormous, 

irreparable and permanent damages to the environment 

[Tortajada et al., 2012; Moran et al., 2018]. Altered flow of 

rivers has ecological and hydrological impacts and leads to 

loss of biodiversity (Bunn and Arthington 2002; Petts and 

Gurnell 2005). Globally, dams have displaced over 80 million 

people, and the figure in India is between 16-38 million 

(WCD 2000) and likely to rise with the increase in dam 

construction activity in areas like Arunachal and Kashmir. 

Scudder (2012) has reported that the socio- economic status 

of over 82% of these displaced people deteriorated in dam 

areas/ the situation is reported to be no different in India. In 

the past six years, from 2016-17 to 2021-22, India’s large 

hydropower projects have contributed just around 10 per cent 

of the total power generation, going as low as 9.68 per cent in 

2017-18.In three of these six years, large hydropower projects 

contributed less than 10 per cent, recovering only marginally 

in the rest of the years, thanks to surplus monsoon, says 

another analysis on power generation by hydropower projects 

by SANDRP, released in November 2022 

[www.downtoearth.org.in]. These statistics warrant a more 

deliberate discussion on the long-term viability of these 

projects’ vis a vis their environmental and socio-economic 

impact on the local population.   

 

India cannot afford to ignore the ensuing global warming and 

climate change and its impact on the food and water security 

of its people. In such a juncture, it is the need of the hour that 

the water, land and biological resources are conserved, 

managed and utilized in a sustainable manner [Misra 2014; 

Ostad-Ali-Askar et al. 2018; Javadinejad et al. 2021; 

Talebmorad et al. 2021]. Thus, rather than exploiting the 

freshwater resources, like rivers, for economic growth, focus 

should be diverted to their conservation necessitating a more 

cautionary and consultative approach involving all stake 

holders and the local population. 
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