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Abstract. Nepal annually invests millions of dollars in hydropower development, with a substantial portion of
these funds allocated to civil infrastructure. Climate change, which impacts geological and hydrological condi-
tions, poses a threat to civil components throughout hydropower project construction and operation. This causes
budget overruns, project delays, and adverse consequences for society and the environment, ultimately resulting
in multimillion-dollar losses. The identification of risk factors and their underlying causes, stemming from the
impacts of climate change, constitutes a fundamental aspect of this study. This critical analysis primarily draws
upon extensive literature reviews to pinpoint these factors (risk factors arising from climate change), emphasiz-
ing their economic and human impacts. This paper highlights the risks to run-of-river hydropower infrastructures
in Nepal. The findings of the study can be used to develop and implement adaptation strategies to mitigate the
risks posed by climate change to Nepal’s vital hydropower sector.

1 Introduction

Nepal’s perennial rivers hold tremendous potential for hy-
dropower development, offering a sustainable and environ-
mentally friendly source of energy. Presently, hydropower
plays a pivotal role in meeting approximately 96.2 % of
Nepal’s electricity needs (Basnet, 2022), and more than 90 %
of hydropower is run-of-river type (Bhatt, 2017). Nepal took
a significant step in the 1990s when frameworks, guidelines,
regulatory bodies and acts were introduced (Nepal and Ja-
masb, 2012). This sector has attracted private investments
exceeding NPR 55 billion (Lamsal, 2012). However, Nepal’s
geographical location within an earthquake-prone region and
its proximity to the industrially advanced nations of India and
China pose distinctive challenges. Nepal contributes a mere
0.1 % of global carbon emissions (World Bank, 2022), but it
is in the fourth position with respect to vulnerability to the
impacts of climate change (Joshi et al., 2019). This means
that Nepalese regions covered in glacier and ice, encompass-
ing 113 000 km? (Bhatt, 2017), are prone to glacial lake out-
burst floods (GLOFs), landslides and flash floods, especially
in areas susceptible to seismic activity. In June of 2023, ac-
cording to the Independent Power Producers’ Association,
Nepal (IPPAN), a total of 30 hydropower projects, with a

combined capacity of 463 MW, were damaged. To protect the
nation’s investments in hydropower and ensure the safety of
lives and property, it is important to establish a resilient foun-
dation for hydropower development, considering the poten-
tial impacts of climate change; to avert future damage; and
to effectively manage the associated risks (Wagle, 2022). As
per the Nepal Electricity Authority (NEA) fiscal report of
2022/2023, there is a total hydropower project capacity of
2684 MW, with the commissioning of new projects equiva-
lent to the capacity of 491 MW (NEA, 2023).

2 Literature review

2.1 Climate scenario, climate change and topography of
nepal

Nepal’s geography is distinctly partitioned into five major
tectonic zones: the Terai, the Siwaliks, the Lesser Himalayas,
the Higher Himalayas, and the Tibetan—Tethys zones (Upreti,
2001). This gives rise to five distinct climatic zones through-
out the country, as illustrated in Fig. 1.

Based on climate data analysis from 1971 to 2014 (DHM,
2017), Nepal’s annual maximum temperature trend is signif-
icantly positive (0.056 °C yr~!). The country’s annual mini-
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Figure 1. Climatic division of Nepal (source: Paudel et al., 2021).

mum temperature trend is also positive (0.002°Cyr~!), al-
though insignificant. No significant trend is observed in pre-
cipitation in any season. All five physiographic regions show
a significant positive trend in all seasons, except for the
Terai in winter and in the pre-monsoon season and the Si-
waliks in winter. In high-mountain regions and the Higher
Himalayas, the highest positive trend is observed in winter
season, whereas the highest positive trend is observed in the
monsoon season in the Terai, Siwaliks and middle-mountain
regions.

Nepal has witnessed alterations in temperature and mean
precipitation. Between 1975 and 2005, temperature data indi-
cated an annual increase of 0.06 °C (Upadhayaya and Baral,
2020), while mean rainfall exhibited a significant decrease
at an average rate of 3.7 mm (—3.2 %) per month per decade.
Mean annual temperatures are anticipated to rise between 1.3
and 3.8 °C by the 2060s and by between 1.8 and 5.8 °C by the
2090s, while annual precipitation is expected to decline by
10 %—-20 % nationwide (Bhatt, 2017). Multiple general cir-
culation models converge with respect to projecting ongoing
warming trends, with anticipated mean temperature increases
of 1.2 and 3 °C by 2050 and 2100, respectively (Agrawala,
2003).

Figures 2 and 3 show two graphs with data about Nepal’s
climate. Figure 2 depicts the yearly mean temperature from
1981 to 2065, demonstrating a consistent rise in temperature.
For the same time period, Fig. 3 indicates an increasing trend
in precipitation levels. Both graphs demonstrate how the en-
vironment in Nepal is being affected by climate change.

Around 17 % of the Great Himalayas region is covered
by glaciers and ice, spanning an area of nearly 113 000 km?,
with 35000 km? dedicated to glaciers (Bhatt, 2017). There
are 22 districts with a high vulnerability to landslides, 12
districts prone to GLOFs and 9 districts susceptible to flood-
ing. Major threats are seen in Bhotekoshi, Tama Koshi,
Marsyangdi, Arun and Dudh Koshi (NAPA, 2010).
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Figure 2. Annual mean temperature from 1981 to 2065; the chart
estimates temperature changes from 0.9 to 1.1 °C (2016-2045) and
from 1.3 to 1.8 °C (2036-2065) (source: Pradhananga and Nepal,
2020).
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Figure 3. Annual precipitation from 1981 to 2065; the chart esti-
mates precipitation changes from 2.1 % to 6.4 % (2016-2045) and
from 7.9 % to 12.1 % (2036-2065) (source: Pradhananga and Nepal,
2020).
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Figure 4. The distribution of risk, hazard and downstream impact classifications (pie charts) for each basin. Here, VH denotes very high
risk, H denotes high risk, M denotes medium risk and L denotes less risk (source: Rounce et al., 2017).

A risk assessment map for lakes in the Karnali, Gandaki
and Koshi basins is shown in Fig. 4. Lakes in high danger
are denoted by red dots in each color-coded basin. The risk,
hazard and downstream implications are shown in detail in
the pie charts beneath the map. In general, this evaluation is
essential for controlling the dangers connected to these lakes.

2.2 Impact of climate change on hydropower
infrastructure

A rise in precipitation levels can trigger a cascade of chal-
lenges, including flash floods, erosion in catchment areas,
landslides and slope failures, which pose a significant risk
to critical components of hydropower infrastructure, such as
reservoirs, intake structures and transmission lines. Intensi-
fying heat can lead to the accelerated melting of glaciers, po-
tentially culminating in GLOFs (Khanal, 2021).

Geological conditions and the risk of flooding were
found to be the third and fourth most substantial chal-
lenges, respectively (Gurung, 2020). In the case of built—
own—operate—transfer (BOOT) hydropower projects, geolog-
ical risks emerged as the predominant concern in Nepal, of-
ten posing considerable disruptions during the construction
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phase (Tripathi and Shrestha, 2018). Research carried out in
the Sapta Koshi River basin indicated that the flow pattern of
the river has not varied much over the last 30 years, despite
the effect of climate change (Khadka et al., 2018). There is
a high sediment content in Nepal’s rivers, coupled with to-
pographical factors that increase the likelihood of rockfalls
and landslides with localized particle properties potentially
featuring fresh, sharp edges (Thapa et al., 2005).

Historically, Nepal has faced a series of devastating nat-
ural disasters. On 4 August 1985, there was a GLOF in Dig
Tsho Lake, in the Langmoche Valley (Vuichard and Zimmer-
mann, 1986), which led to the catastrophic destruction of the
Namche hydroelectric project (HEP), damaging over USD 2—
3 million and destroying 30 residential houses. Subsequently,
on 27 August 2008, a massive flood swept away the 4 MW
Khudi HEP which operated in 2007. This flood caused dam-
age of NPR 8440 147 (B. P. C., 2008).

On 2 August 2014, a catastrophic landslide in Jure cre-
ated a dam blockage in a river, posing a significant threat
to people living downstream. This disaster resulted in the
loss of 10 % of the nation’s hydropower capacity, amounting
to 67 MW. It submerged a SMW power plant and severed
connections with the 45 MW Bhotekoshi HEP and 10 MW
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Figure 6. Impacts of GLOFs on the Upper Bhotekoshi Koshi HEP reservoir (source: Bhatt, 2017).

Sunkoshi HEP. The landslide led to the destruction of over
400 houses, claimed the lives of 156 people and resulted in
damage totaling more than USD 25 000 (van der Geest, 2018;
Bhatt, 2017). Figure 5 illustrates the damage caused by the
Jure landslide in the headworks of the Sunkoshi HEP.

The 7.8 (on the Richter scale) earthquake that struck Nepal
on 25 April 2015 resulted in significant repercussions with
respect to the country’s hydropower infrastructure: more than
14 hydropower dams were damaged (Schneider, 2015). The
24 MW Trishuli 3A plant was hit by a landslide that killed
four people and formed cracks in the reservoir crest of the
Kulekhani HEP (Schneider, 2015). The 14 MW plant located
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downstream at Devighat was rendered nonoperational un-
til the Trishuli 3A plant could be restarted (Fairley, 2015).
A total of 14 of the 34 hydropower projects were damaged
between 2015 and 2020. The 200 kW Malagad hydropower
project was damaged in the floods of 2020, impacting 46
powered factories (UNDP, 2023).

On 6 July 2016, a landslide dam in Nyalam, Tibet, burst,
leading to the Upper Bhotekoshi HEP, with a capacity of
36 MW, being swept away and resulting in infrastructure
damage totaling USD 406.739 million (Khanal et al., 2015;
Bhatt, 2017). Figure 6 depicts the damage incurred in the hy-
dropower reservoir of Upper Bhotekoshi HEP.
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Figure 7. Bar graph showing the damage to major hydropower
projects due to the flash flood which occurred in June 2023 (source:
The Annapurna Express newspaper, 26 June 2023; the Repiiblica
newspaper, 24 June 2023).

The frequency of floods and landslides has resulted in sig-
nificant damage along roads, impeding the flow of construc-
tion supplies. As such, there have been notable setbacks in
the development of multiple hydroelectric projects. The im-
pact of floods has been severe, according to IPPAN, dam-
aging 16 active projects and causing operational disruptions
to 10 electricity-generating projects. It is believed that the
damage resulting from landslides and floods brought on by
continuous rains has amounted to approximately NPR 3 bil-
lion. The Super Madi Hydropower project in Madi, Kaski, is
one of these, and it alone has lost more than NPR 1 billion,
demonstrating the extent of the difficulty that the construc-
tion industry faces.

As reported by IPPAN, the floods that occurred on 16 and
17 June 2023 in the Taplejung, Panchthar, Sankhuwasabha
and Bhojpur districts resulted in substantial damage to a to-
tal of 30 hydropower projects, with a combined capacity of
463 MW. Figure 7 illustrates some of the major affected hy-
dropower projects.

From a total of 30, 13 operating projects with a cu-
mulative capacity of 132 MW incurred losses of approxi-
mately NPR 6 billion, while 17 hydropower projects under-
construction, with a total capacity of 327 MW, suffered losses
exceeding NPR 2 billion. A total of 18 workers were swept
away by the flood at the Super Hewa Khola project site. The
hydropower plants faced a total damage bill of NPR 8 bil-
lion. Figure 8 illustrates the damage caused by the floods on
16 and 17 June. Figure 9 depicts the damage to the Hewa
HEP due to the flood on 16 June 2023.

In April 2023, a landslide occurred at the construction site
of the 900 MW Arun IIT hydropower project, creating the po-
tential for a flash flood. To mitigate this risk, immediate ac-
tion was taken to shut down the tunnel. Figure 10 shows the
blockage at the Arun III Dam site.

The flood on 4 October 2023, resulting from a glacial lake
outburst originating from South Lhonak in Sikkim, destroyed
the 1200 MW Chungthang Dam. This incident serves as a
stark reminder of the growing threat to Nepal’s hydropower
projects, including Tamor, Arun and Kabeli, currently un-
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Figure 8. Damage due to the flood on 16 and 17 June 2023 (source:
the Repiiblica newspaper, 24 June 2023).

P

Figure 9. Damage to the Hewa HEP due to the flood on
16 June 2018 (source: The Annapurna Express newspaper,
26 June 2023).

der construction. The damage done to Chungthang Dam is
shown in Fig. 11.

3 Research findings

Nepal’s mean annual temperature has been rising by 0.06 °C
annually, and the country’s Himalayan area is experiencing
a higher rate of climate change than the rest of the world
(Upadhayaya and Baral, 2020). Projections suggest a temper-
ature rise of 1.2-3 °C and a precipitation decrease of 10 %—
20 % by 2050 (Bhatt, 2017). The impact of climate change is
strikingly evident in Nepal’s hydropower sector, which cur-
rently boasts an operational capacity of 2684 MW, with the
commissioning of new projects equivalent to a capacity of
491 MW that are heavily dependent on run-of-river sources
(NEA, 2023). The country has faced increased flooding,
landslides and glacial outbursts. As reported by IPPAN, the
floods that occurred on 16 and 17 June 2023 alone resulted
in damage totaling a capacity of 463 MW to hydropower
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Figure 10. A diversion channel blocked at the Arun III Dam
site due to a landslide (source: The Kathmandu Post newspaper,
1 May 2023).
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Figure 11. Damage to Chungthang Dam (source: the Nepali Times
newspaper, 4 October 2023).

projects and financial loss of over NPR 8 billion. Escalating
climate-induced volatility raises concerns about outbursts of
glacial lakes, which cover 35000 km? of the nation’s land.
This underscores the urgent need for an early-warning sys-
tem, design parameter adaptations and increased investment
to mitigate climate change effects on the hydropower sector.

4 Conclusion

In conclusion, research findings highlight Nepal’s urgent cli-
mate change challenges, especially with respect to the hy-
dropower sector. The increased temperatures and reduced
precipitation, along with the anticipated changes in the coun-
try’s environment, underscore the vulnerability of the na-
tion’s hydropower and reservoir infrastructure. Significant fi-
nancial losses and human casualties have resulted from the
recent catastrophic occurrences, including landslides, floods
and glacial outbursts. The increasing effects emphasize how
crucial it is to take quick action, such as modifying de-

Proc. IAHS, 387, 87-93, 2024

sign specifications, putting an efficient early-warning sys-
tem in place and increasing funding for climate resilience
initiatives. It is critical to address these problems to protect
Nepal’s hydropower industry, promote sustainable develop-
ment and lessen the wider socioeconomic effects of climate
change.
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