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Foreword

Human-induced climate change is already affecting many weather and climate extremes in every
region across the globe. The latest IPCC report confirms that human activities have changed
our climate and led to the more frequent heatwaves, floods, droughts, and wildfires that we
have seen recently. The evidence is incontrovertible. This highly influential report provides the
evidence base and impetus to develop policy strategies and practices that will help people
around the world and in Nepal live with and adapt to change.

Nepal has been a pioneer in the development and implementation of effective adaptation policies
and practices. Nepal has made a strong commitment to updating a mid-long term National
Adaptation Plan (NAP) every ten years, as well as conducting a National level Vulnerability and
Risk Assessment every five years to inform climate resource allocation policies. Vulnerability
and Risk Assessment (VRA) was initiated to assess vulnerability and risk at the national,
physiographic, province, municipal, and sector levels to inform the Government of Nepal's
current NAP formulation process.

| am pleased to see that the VRA report on Water resoruces and Energy was prepared by
identifying sector-specific current vulnerability and future risk based on a solid scientific
foundation and information. This report is the result of a thorough consultation process with
national and provincial stakeholders and experts. This report, | believe, provides an opportunity
for policymakers, decision-makers, and practitioners to make informed decisions about sector-
specific vulnerability and risk to build a climate-resilient society and reduce the impacts of
climate change at the local, provincial, and federal levels.

On behalf of the Ministry of Forests and Environment, | would like to thank the distinguished
Chair - the Joint Secretary of the Ministry of Water Resources, Energy and Irrigation, and all the
respected thematic group members who provided technical guidance to finalize this report. In
addition, | gratefully acknowledge the assistance provided by the Climate Change Management
Division, particularly Dr Radha Wagle and all technical committee members.

| also take this opportunity to acknowledge the funding and technical support of the British
Embassy Kathmandu, and Policy and Institutions Facility (PIF) /Oxford Policy Management
Limited.

(o

Dr Pem i\lérayan Kandel
Secretary
Ministry of Forests and Environment (MoFE)
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Executive Summary

The Himalayan region is considered a water tower that plays a critical role in the livelihoods
of people dependent on the glacier-fed river system. Nepal is endowed with abundant water
resources with the potential to generate hydroelectric power, furnish water for irrigation, and
supply water for domestic and industrial use. Over the years, observed climate variability and
extreme events are found to have major impacts and higher economic costs in Nepal. Nepal
is at high risk in the future from the adverse effects of climate change due to topographical
diversity, fragile geological structure, sensitive ecosystems, and the diversity of climate and
micro-climatic zones. Nepal is also the most vulnerable country to climate change compared to
other least developed countries due to its limited adaptive capacity.

Vulnerability and Risk Assessment (VRA) is a crucial step in adaptation planning and
implementation. The overall objective of this assessment is to assist Nepal's NAP process in
assessing climate-related hazards and vulnerabilities and to identify practical adaptation options
at the sectoral, local, provincial, and national levels in the \Water Resources and Energy Sector
(WatRES). The assessment adopted the Government of Nepal's national framework for the VRA,
which is based on the IPCC-ARb. The IPCC framework considers risk as a function of hazard,
exposure, and vulnerability. The national VRA framework assumes that the risk of climate-
related impacts results from the interaction of climate-related hazards (including hazardous
events and trends) with the exposure and vulnerability of human and natural systems. Changes
in the climate system (trends and scenarios), the biophysical system, and socio-economic
processes (including governance and adaptation and mitigation actions) are drivers of hazards,
exposure, and vulnerability.

In this assessment, the water resources and energy have been analyzed separately as sub-
sectors of WatRES. The district-wise data were collected from authentic sources, based
on the indicators of the four VRA components: hazards, exposure, sensitivity, and adaptive
capacity. The primary sources of the data were collected from government institutions followed
by national and international institutions. The data has been collected at the district level and
consolidated at the provincial and national levels. The assessment is integrated with cross-
cutting areas, including (a) Gender Equality and Social Inclusions (GESI), (b) Socio-Economic
Trends and Scenarios, and (c) Livelihood and Governance. The assessment has been carried
out in consultation with the Thematic Working Group (TWG), Technical Committee (TC), and
representatives of provincial stakeholders. In the provincial level meetings, TWG was led by the
Ministry of Energy Water Resources and Irrigation (MOEWRI), and TC was led by the Ministry
of Forests and Environment (MOFE).

As a part of the assessments, the multi-criteria decision-making approach was adopted in
the analysis to identify the significance of the various indicators associated with the hazard,
exposure, sensitivity, and adaptive capacity in the sector affected by climate change. The
weightage of the indicators has been identified through sectoral experts. The experts were
selected according to their contributions to the relevant WatRES sector and its sub-sectors i.e.
TWG members, government officials, professors from national and international universities,
and researchers from national and international research institutions.
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The assessment used 20 indicators of hazard, 30 indicators of exposure, 35 indicators of
sensitivity, and 20 indicators of adaptive capacity. These indicators were further categorized by
elements based on their nature. Subsequently, there were 3 categories of hazard, 11 elements
of exposure, 13 elements of sensitivity, and 8 elements of adaptive capacity. The data has been
processed at the district level and consolidated at the province and physiographic levels. The
processed data of the indicators have been normalized. The indicators are then composited
element-wise by applying the weights received from the expert survey. Through this process,
the rank of the districts, provinces, physiographic regions, subbasins, and watersheds have
been determined separately for the VRA components, where the rank classes have been
conducted using the ‘Jenks Natural Breaks’ method. The VRA components were consolidated
to determine the vulnerability and risk ranks at the district, province, physiographic, subbasin
and watershed level of the sector and sub-sectors. Based on the results of the vulnerability and
risk rank, associated literature, and provincial consultation meetings, the possible adaptation
options are identified and listed.

The observed impact of climate change in the water resources and energy sectors was found to
be both physical as well as socio-economic. With the changes in temperature and precipitation,
Nepal has already observed changes in the water balance, runoff, and the timing of water
availability. There is evidence of changes in the snow and glacier melt pattern, rainfall variability,
extreme weather events, streamflow and drought, soil erosion, mass-wasting, sediment
deposition, changes in land cover, land use, and soil pattern, and ultimately altered water
availability due to water-induced hazards. There are cases observed where extreme events
damage or destroy the water services sector, hydropower plants, other infrastructures, and
sources of alternative energy and caused the loss of human life and properties. The glacial lakes
are formed behind moraine dams on loose and unconsolidated material and unstable lakes
have resulted in the form of landslide dammed outburst floods and GLOFs to the downstream
communities and damaged the infrastructure.

In the water resources and energy sector, Dang, Dhading, Dhanusha, Gorkha, llam, Jhapa,
Kapilbastu, Kaski, Kathmandu, Morang, Rupandehi, Sankhuwasabha, Sindhupalchok, and
Solukhumbu fall in the high exposure category in comparison to other districts of Nepal. The
analysis shows that the dominant indicators for making the districts at higher exposure rank
are the area of glaciers; water available at surface and ground; drainage length; the number of
irrigation canals; the total area of agricultural lands, potential irrigable lands, and non-irrigated
agricultural lands; total number of the male and female population; number of hydropower plants;
length and capacity of both transmission and distribution lines; and household dependency on
sources of traditional energy for cooking.

The sensitivity ranking was found high in Arghakhanchi, Baglung, Baitadi, Bajura, Dailekh,
Dhading, Dolakha, Gorkha, Gulmi, Jumla, Kailali, Morang, Myagdi, Okhaldhunga, Sindhupalchok,
Solukhumbu, and Western Rukum in comparison to other districts of Nepal. The analysis shows
that the dominant indicators for making the districts at higher sensitivity ranks are the trend
of change in groundwater flow and net water yields; drainage density; the average slope of
the topography; area of loamy soils; area of the lake, river bed and snow cover; the trend of
change in barren lands; households dependent on tube well/hand pump and covered well/
kuwa; drinking water demand and supply status; irrigation water used from pond/lake; sex ratio;
child population (boys and girls); the number of hydropower plants by capacity and by water
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conveyance systems; the number of under construction and under survey hydropower plants;
the number of hydropower plants owned by the private sector; and the number of households
dependent on wood/firewood for cooking.

High adaptive capacity was observed in Kaski, Kathmandu, and Sankhuwasabha, whereas the
districts with very low adaptive capacity rank are Baitadi, Bajhang, Bajura, Dailekh, Darchula,
Dolpa, Eastern Rukum, Humla, Jumla, and Okhaldhunga. The result shows that the dominant
indicators for higher adaptive capacity ranks are the trends of reforestation/afforestation water
conservation; trends of terrace farming for water retention; access to climate information; the
number of wetlands conservation initiatives; total usable water for irrigation; number of bio-
engineering practices; agricultural land with operational irrigation systems, Gender Development
Index (GDI); and the electrification coverage status.

The vulnerability is determined by subtracting the composite adaptive capacity values of the
districts from the composite sensitive value of respective districts. The overall result shows that
the districts at very high vulnerability ranks are Arghakhanchi, Baglung, Baitadi, Bajhang, Bajura,
Dailekh, Darchula, Dolpa, Eastern Rukum, Gulmi, Humla, Jumla, Okhaldhunga, and Western
Rukum. On the contrary, the districts at very low vulnerability ranks are Achham, Banke, Bara,
Bardiya, Bhaktapur, Dadeldhura, Dang, Dhankuta, Kathmandu, Parsa, Rautahat, Saptari, Sarlahi,
Sindhuli, and Sunsari. In terms of vulnerability assessment of watersheds and sub-river basins,
the findings show that most of the watersheds in Bagmati Province, Gandaki Province, Lumbini
Province, Karnali Province, and Sudurpaschim Province are highly vulnerable. Furthermore, the
result shows that the sub-basins of the Karnali river basin have a higher vulnerability to climate
change impacts.

The overall result of climate change risk analysis shows that the districts at very high-risk rank are
Chitwan, Dhading, Gorkha, Kailali, Morang, Sindhupalchok, and Solukhumbu. On the other side,
the districts at very low-risk rank are Arghakhanchi, Bardiya, Bhaktapur, Dadeldhura, Dhankuta,
Eastern Rukum, Kathmandu, Lalitpur, Parasi, Salyan, and Terhathum. Future projected scenarios
show that Morang, Solukhumbu, Sindhupalchok, Dhading, Gorkha, and Kailali are the common
districts in all four future projected scenarios — RCP 4.5 and RCP 8.5 in the 2030s and 2050s
that are at very high-risk rank; whereas Dhankuta, Kathmandu, Bhaktapur, Salyan, Bardiya, and
Dadeldhura are the common districts that are at very low-risk rank in comparison to other
districts of Nepal.

In the watershed and sub-river basin, the baseline risk of climate change impact shows that few
watersheds in Province 1, Bagmati Province, Gandaki Province, and Sudurpaschim Province
are impacted by climate change. In addition, for sub-basin level risks, the findings show that
Province 1, Gandaki Province, Karnali Province, and Sudurpashim Province are impacted. The
watershed level risks analysis shows that in RCP 4.5 in 2030, except Karnali, all other provinces
will be experiencing risks of climate change impact. The risks of climate change impact will be
extending to all the provinces in RCP 8.5 in 2030. In 2050, the risks of climate change impact
on watersheds will be severe. However, in RCP 8.5 in 2050, there will be a slight decrease in
risks of climate change impact. In terms of sub-basin level risk, the findings show that in RCP
4.5in 2030, the risks of climate change will be higher in Province 1, Bagmati Province, Gandaki
Province, and Karnali Province. Besides, in RCP 8.5, the risks of climate change impact will be
higher in additional provinces such as Province 2 and Lumbini Province. In 2050, under both
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scenarios, the risks of climate change impact will be higher in Province 2, Bagmati Province,
Gandaki Province, Lumbini Province, Karnali Province, and parts of Sudurpaschim Province.

The adaptation options listed for the sub-sectors are proposed to address the adverse impact of
climate change. The adaptation options were identified through policy review (water resource
policy, white paper, fifteenth five-year plan, etc.), literature review, consultation with provincial and
local level stakeholders, and suggestions from the experts and Thematic Working Group (TWG)
members. The key priority adaptation strategies required for the water resources sector are — (a)
promote Integrated River Basin Management (IRBM) approach and modalities for total available
resource accounting, addressing climate adversities (high seasonal fluctuation of river flow; risks
from climate-induced disasters; spatial and temporal water scarcity) and maximizing benefits
(hydropower, food security, irrigation, and water supplies); (b) enrich the spatial coverage of the
hydro-metrological measurements and monitoring stations in every district, particularly focused on
the mountainous region of Nepal; (c) evaluate the water availability in every watershed, river basin,
sub-basin and Palika with robust modelling activities and map the floods risk zoning for all the river
systems of Nepal; (d) and promote and develop water recharge, retention, and reuse interventions
to conserve/preserve and equitable distribution among the beneficiaries for the water security.

The energy sector is another important sector for generating adaptation and mitigation co-
benefits and important for building resilience and security of the energy sector. The key
adaptation strategies in the sector are: (a) enhance a more detailed understanding of changes
in the hydrological cycle and its uncertainty. Also analyzing future risks on infrastructure (dams
and hydropower plants, roads, and transmission lines); (b) ensure reservoir operation, to adjust
rule curves by the climate change in different periods for the smooth operation and production.
Similarly, increase the height of dams, reducing the annual sediment inflow to reservoirs,
utilize unwanted spills, and modify existing spillways to increase discharge capacity fuse-gate/
plugs; (c) diversify energy use opportunities by identifying relevant sources of energy based on
geographical location, locally available resources, and minimizing environmental degradation;
and (d) ensure public and private partnership for promoting renewable energy technologies and
make them accessible to everyone and every corner.

One of the major challenges of climate-induced hazards will be potential implications for the
hydropower and irrigation sector. Seasonal variability will impact hydropower efficiency and
production. Besides, the government plan of river diversion might also be impacted by the
fluctuations in the river flow. Climate-induced disasters such as floods, LDOF, landslides, GLOF
will damage the infrastructure and impact energy generation and large-scale irrigation. To protect
the huge development investment in the sector, there is an urgent need to increase awareness of
hydropower developers/investors and the private sector as a whole. This needs to be supported with
policy instruments such as regulations to in-build climate vulnerability and risk in the hydropower
and irrigation design and adoption of necessary risk mitigation measures in the sector.

This VRA study had some limitations in terms of data access and analysis. The scale of the
assessment was district-level in order to maintain uniformity. Due to the demand in the water
resources and energy sector, the watershed and river-basin level analyses were considered
despite major issues related to the availability of data. This study used an indicator-based
approach, hence relied mostly on secondary data sources. New modelling and research work
was not within the scope of this study. Hence, this study could not analyze seasonal water
variability and its relationship with changing climate.
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Chapter 1

Background and Sectoral
Context

1.1 Water Resources and Energy Sector of Nepal

The mountain regions of Nepal are the major sources of water storage, in
the form of snow, ice, and glaciers; and in the natural lakes, wetlands, and
groundwater aquifers. The water resource and energy sectors are important
national assets, boosting the country’s socio-economic development and
national GDP through irrigation, energy production, and domestic and industrial
uses (WECS, 2011). The water resource is the wealth that provides livelihood
services to millions of people in Nepal and downstream countries. Nepal's
water resources cover 395,000 ha (48%) area within 45,000 km in length
of 6,000 rivers with 170 billion m?® annual runoff and 45,610 MW feasible
hydroelectricity generations.

The rivers of Nepal are primarily dominated by melted snow and glaciers
that originate from higher than 5,000 m elevations of the great Himalayas,
which flows towards less than 100 m of elevation within Nepal (Kansakar et
al., 2004). According to Irrigation Master Plan 2019 (DWRI, 2019), Kankai,
Koshi-Bagmati Province, East-Churia, Narayani/Gandaki, West-Curia, West
Rapti, Babai, Karnali-Mohana, and Mahakali, are the river basins of Nepal
(Figure 1). The river basins of Nepal contain a total of 6,200 glaciers (both
clear ice and debris-cover ice) and have a total glaciated area of 7,141 km?
with estimated ice reserves of about 611 km?3(ICIMOD, 2011). The Irrigation
Master Plan 2019 stated the Koshi river basin has about 6,945 million m3
of renewable groundwater resources. Likewise, the Narayani and Karnali
river basins have about 2,767 million m® and 3,359 million m® of renewable
groundwater resources respectively. Considering these statistics, the
rivers are sufficient to fulfill the water and energy demand of the country
now and in the future.
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Figure 1: River basins of Nepal

1.1.1 Irrigation for agriculture development

In Nepal, approximately 40% of the total agricultural lands currently have irrigation facilities
the Government of Nepal has ambitious goals to expand irrigated agricultural lands to meet
the increasing demands for food over the next 25 years with additional investments (DWRI,
2019). According to the irrigation system inventory of the Department of \Water Resources and
Irrigation (DWRI), around 2,254 surface water irrigation systems are in operation which covers
nearly 728,447 hectares of agricultural lands in Nepal (Figure 2). Among total surface water
irrigated agricultural lands, the systems managed by Joint Managed Irrigation Systems (JMIS)
cover nearly 357,053 hectares and by Farmer Managed Irrigation Systems (FMIS) cover nearly
371,394 hectares of agriculture lands; of which 81% of surface water irrigated agriculture lands
are in Terai, 15% are in Hill and remaining 4% are in Mountain.
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Figure 2: Irrigation schemes and irrigated agricultural lands

The livelihood of Nepal is mostly water-dependent: agriculture, forestry, fisheries, and
energy. The agriculture sector (agriculture, forestry, and fisheries) is still the main source of
livelihood for more than 65% of the population in Nepal, which contributes about 27% to
the national Gross Domestic Product (GDP) (DWRI, 2019; MOF, 2019). Subsequently, the
water footprint per dollar of AGDP (Agriculture GDP) is much higher. The changing climate
and variability in climate extreme events may increase agricultural water demand in the
future. Therefore, efforts should be made to streamline water usage without compromising
livelihood outcomes in the near term. Nepal has higher per capita water availability (Luna
Bharati et al., 2019; Ghimire et al., 2019; IWMI, 2019; Pandey et al., 2019, 2020; Pandit,
2020); however, its water resources have not been fully utilized (Chinnasamy et al., 2015)
because the population is unable to invest in there use due to socio-economic constraints.
For example, farmers rely on rain-fed irrigation but cannot afford water pumps to access
water from rivers close by. Water scarcity is being driven by economic inaccessibility
particularly in those communities that are below the poverty line. Likewise, a fishery is one
of the water-dependent livelihood options which contribute to the national AGDP, however
marginalized communities like Majhi and Hyau, who are socio-economically poor are not
able to make it profitable due to their economic constraints.
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1.1.2 Energy development

Water is critical for Nepal’'s power production as hydroelectric plants provide around 90% of
the country’s total electricity (MOSTE, 2013). The hydropower sector delivers a significant
contribution of about 1.09% to the national GDP and its contribution will extend if it can reach
its full potential capacity. It is one of the most prominent sectors and has the potential to
extend its contribution towards national development. The total energy consumption in the
fiscal year 2014/15 was about 500 million gigajoules, of which about 77.6% of the energy was
from traditional fuels (wood, agriculture residue, and animal dung), 19.9% from commercial
production (hydropower, coal, and petroleum), and 2.5% from renewable energy (solar, biogas
and pico/micro/mini hydro). The sector can expand if it is allowed to utilize the water resources
available.

Nepal's energy sector is undergoing a huge transformation as is illustrated by its new policies
and regulations and white papers. It has been able to install hydropower plants with a capacity of
887 MW, which is only 1.7% of the total potential capacity of the country (MOPE, 2017a). Nepal
plans to expand its electricity production by developing 580 hydroelectric projects. According to
the data released by the Department of Electricity Development (DOED) on February 25, 2019,
these 580 hydropower projects will be able to generate 32,396 MWW of electric power in the
future (WECS, 2017). DOED data of September 2021 shows that 115 hydropower plants are in
operation, 140 are under construction and 225 are under survey, which includes hydropower
plants owned by both government and the private sector.

Nepal's Terai plains contain large and mostly untapped reserves of renewable groundwater,
which can be used to increase the water supply to irrigated agricultural land. This can be
achieved primarily by introducing policies to promote the development of Nepal’s hydropower
potential to provide reliable and affordable energy for water pumping. The estimated direct
economic gain from providing year-round irrigation to the unirrigated agricultural area in Terai is
USD 1.1 billion, equivalent to 4.5% of Nepal's annual GDP in 2017 (Nepal et al., 2019) focusing
on pathways to water security that originate in actions and policies related to other sectors.
It identifies promoting development of Nepal's hydropower potential to provide energy for
pumping as way to improve water security in agriculture. Renewable groundwater reserves of
1.4 billion cubic meters (BCM).

The white paper of the water and energy sector aims to generate 15,000 MW of electricity by
2030. It also aims to make major investments in the irrigation system and water conservation.
According to the policy of the government, Nepal will be an energy-dependent country by
2022. The government intends to encourage all 753 local governments to install 500 kVV solar
and aims to increase 200 megawatts of solar energy by 2030. Moreover, Nepal also shows
potential in wind energy development; however, this sector needs further study to map the
actual scenarios that are economically sustainable.

1.1.3 Water-energy-food nexus

Marginalized and poor communities require financial support in order to have equitable access to
the country’s water resources. Despite prioritizing domestic requirements, conflicts regarding
the amount of water used by hydropower, agriculture, fishery, and drinking water supply sectors
continue. Studies could assist in developing an efficient water management plan by focusing
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on the Water Poverty Index (WPI), and the roles of marginalized groups and women in water
management in the context of climate change (Thakur et al., 2017).

The demand for hydro and solar energy is increasing because it can help pump groundwater in
the Terai, and lift water from the river to hills and mountains. It is becoming a common method
in these regions and should be explored further so that its financial viability, practical use, and
impact on the environment can be assessed.

The promotion of FMIS, Multiple Use System (MUS), and Water Use Master Plan (WUMP) would
be good practices to improve water governance, gender participation, water use efficiency
in energy and agriculture sectors in the socio-economic development (Rautanen et al., 2014;
Rautanen & White, 2013) water-scarce and food-insecure regions, the Rural Village Water
Resources Management Project has shown that integrated water resources management for
both blue and green water is a must. Water use master plans (WUMPs).

1.2 Challenges in the Sector

Nepal is working with different kinds of challenges: it has problems within the water and energy
sector that need to be addressed, and it is facing difficulties in developing its water and hydro-
power sector. Within the water and energy sectors, the country is unable to fully capitalize
on its freshwater resources and meet its growing electricity demand. When it comes to the
development of the water and hydro-energy sector, it faces two major challenges: lack of
appropriate hydro-climate data and the impact of climate change on (water) resources.

Nepal is unable to fully utilize its substantial freshwater resources for consumptive use in
the water services area and energy development (Chinnasamy et al., 2015). The country is
currently more focused on expanding irrigation coverage for agricultural lands, producing more
hydroelectric power to meet its energy demands, and promoting the use of solar energy as a
prominent source of alternative energy.

The estimated hydropower potential of Nepal is 83,000 MW. A recent study (WECS, 2017)
has identified 114 projects with a total capacity of 45,610 MW as technically feasible and
only 66 projects with a total capacity of 42,133 MW as economically feasible. Even though
Nepal is endowed with large techno-economically feasible hydropower potential, the current
generation is only around 1368 MW. With this installed capacity, Nepal is not able to fulfill the
internal demand for electricity and depends on imports from India, particularly in the dry season
(Upadhyay & Gaudel, 2018).

Attempts to develop its water and hydro-energy sector are stilted because Nepal does not have
adequate and reliable hydro-climate data with well-distributed temporal and spatial coverage.
There is a dearth of weather stations in the mountain regions of Nepal, and even fewer
stations in its western region (DHM, 2017). The existing hydrological stations do not cover all
the tertiary tributaries of the rivers of Nepal, and they are necessary for watershed planning
and development. There is a lack of hydrological and meteorological stations in the rain-fed
watershed where water security becomes a major challenge because of the adverse effects of
extreme climate events.
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Chapter 2

Objectives and Scopes

The impacts of climate change pose another challenge and they can be
observed through the scarcity of water in the dry season and an excess of
it during the monsoons (MOE, 2010). Water stress has directly impacted
agricultural productivity, malnutrition, and human health and sanitation; excess
water destroys human settlements, infrastructure, and farm fields (MOE,
2010). Climate change has led to the drying of water sources in the Middle
Mountain region and floods in the Terai region of Nepal. Hydropower plants,
especially the Run-of-River (ROR) types, are running under their capacity in the
dry season and encounter too many sedimentation problems during the wet
season. This is the major reason for the reduction in energy production from
hydropower plants impacting the country’s economy.

2.1 Objectives and Rationale

Vulnerability and Risk Assessment (VRA) is a critical step in the planning
and implementation of adaptation strategies (IPCC, 2014), a key component
of Element B of the Least Developed Countries (LDC) Expert Group (LEG)

Technical Guidelines (UNFCCC, 2012). VRAs allow policy makers to make

informed decisions; the goal of this VRA is to enhance adaptive capacity and

build resilience among climate-vulnerable communities, geographical areas,
physical infrastructure, and ecosystems in the water and energy sectors.

Furthermore, it is to assist the process of Nepal's National Adaptation Plan

(NAP) in assessing climate-related hazards and vulnerabilities and to identify

practical adaptation options at sectoral, local, provincial, and national levels.

These were its specific objectives:

e Assess water and energy sector’s vulnerability to climate change, through
applicable frameworks and ranking/categorizing associated climate risks
and vulnerabilities.

e |dentifying and categorizing adaptation options to these risks at multiple
scales to address priority climate risks and vulnerabilities.
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2.2 Scopes and Limitations

The VRA covers seven provinces, 77 districts, and five physiographic regions across Nepal.
The district was the primary unit of analysis. The district-level results were clustered into
the province-level analysis. Likewise, the physiographic region, watershed, and subbasin are
another scale of analysis, whereby the risk and vulnerabilities of the five physiographic were
categorized, analyzed, and presented. Based on the results and findings, districts, provinces,
and physiographic regions are ranked and prioritized.

The VRA in the water and energy sector was based on secondary data and the indicators were

selected depending upon their availability. The climate change VRA was introduced to identify

the impacts and risks of climate change and adaptation options to support the policymakers,

planners, and developers for sustainable climate-resilient development. Some key questions to

limit the scope of the VRA were:

e \Which systems, regions, or groups are exposed to climate change?

e \What are the main climate vulnerabilities of those systems/regions/interest groups that
demand climate risk management solutions to achieve their main development goals?

e \What are the expected impacts of climate change: near-term (the 2030s) and medium-
range (2050s) timelines based on the AR-5 projection scenarios?

e \What are the most viable adaptation options to minimize climate impacts and maximize
partnership and investment opportunities?

So the VRA process in this sector is primarily focused on addressing these questions. The scale
of spatial analysis covers districts, provinces, and physiographic levels, which include the climate
change projection scenarios of the 2030s and 2050s under RCP 4.5 and RCP 8.5 scenarios.

The sector is divided into two major sub-sectors: water resources and energy. These sub-sectors
are further divided into ‘water availability’ and ‘water services’ under the water resources sub-
sector and 'hydropower’ and ‘alternative energy’ under the energy sub-sector (Figure 3). Based
on this categorization, the indicators identified for the VRA are exposure, sensitivity, adaptive
capacity, and hazards.

» Water Availability (Systems and Sources):
Snow, Glaciers, Spring, Streams, Ponds, Lakes, Rivers,
Ground Water, Wetlands, Catchments Characteristics, Plan
Water and Policies for Conservation, etc.

Resources . water Services (Demand, Supply and Use):
Irrigation Systems, Drinking Water Supply Systems, Water
Services Management, Beneficiaries, Socio-economic Status,
etc.

Hydropower:

Mini to Mega Hydropower Plants, Transmission Lines,
Distribution Lines, Potential of Hydro Plants and
Developments, Electrification Coverages, etc.

Energy

Alternative Energy:

Traditional Energy (Agriculture Residue, Animal Dung) and
Renewable Energy (Biomass, Pico/Micro/Mini Hydro, Solar,
Water Mills), Beneficiaries, Household Income, etc.

Figure 3: Subsectors considered in the assessment
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This VRA study had some limitations in terms of data access and analysis. The scale of the
assessment was district level to maintain uniformity in terms of carrying national-level risk and
vulnerability assessment. Due to the demand in the water resources and energy sector, the
watershed and river-basin level analysis were considered despite major issues related to the
availability of data throughout the watersheds and river basins. This study used an indicator-
based approach hence relied mostly on secondary data sources. New modelling and research
work was not within the scope of this study. The study looked into the extreme events and
the impact on water availability but could not analyze the seasonal water variability and its
relationship with changing climate change including climate change impacts on extreme flow
variations. The adaptation measures that have been listed are in a generic form which may vary
for a particular specific river basin. For energy sectors, the specific adaptation measures for
different hydropower project types could not be included in this study due to limitations in the
scope of this assessment.
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Chapter 3

Methodology

3.1 The Framework of the Assessment

Nepal's NAP formulation process has developed a framework for the VRA
based on the IPCC-ARb5 and Special Report on Managing the Risks of Extreme
Events and Disasters to Advance Climate Change Adaptation (SREX). The IPCC
framework considers risk as a function of hazard, exposure, and vulnerability.
The developed framework unpacks the elements of risk and customizes them
to the needs and applicability of the national context. Changes in the climate
system (trends and scenarios), the biophysical system, and socioeconomic
processes (including governance and adaptation and mitigation actions) are
drivers of hazards, exposure, and vulnerability (IPCC, 2018).

This assessmentis based on the climate change framework and the vulnerability
and risk assessment framework of the Government of Nepal (MOPE, 2017b)
(Figure 4). The analysis is based on measurable and quantifiable available
secondary data.
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Figure 4: Climate Change Vulnerability and Risk Assessment Framework
(MoPE, 2017b)



As described before, the key components of the VRA are hazards, exposure, sensitivity,
adaptive capacity, vulnerability, and risk. According to the IPCC-ARb, vulnerability is a function
of sensitivity and adaptive capacity (Equation 1) and the risk is a function of hazard, exposure,
and vulnerability (Equation 2).

Vo= St AC e e (Equation 1)
Where,
Vulnerability will justify, if (S AC__)>0
And
Rigec=Higer XEior XV e <eeeeevvmmmmmeeaaaaaeas (Equation 2)
Where,
e - Vulnerability Index;
o - Exposure Index;
—rae - OeNsitivity Index;
ndex - Hazard Index;
AC, ... Adaptive Capacity Index; and
ndex - Risk Index

Following the conceptual framework of the Government of Nepal, as well as Equation 1 and
Equation 2, the methodological framework has been simplified further with additional information
and steps. Figure b represents the overall methodological framework to assess climate change
impacts and risks, which can be applied to all the sectors of the VRA process. Considering the
Water Resources and Energy Sector (WatRES), the methodological framework for the identification
of hazards, exposures, sensitivity, and adaptive capacity indexes are also explained further with
additional information. This framework illustrates the cross-sectoral linkages and sources of data
that need to be acquired. In the entire process, consultation within sectors, cross-cutting areas,
thematic and technical teams, government line agencies, CSOs, and other sectors was the
utmost priority to make the process acceptable for all.

Weightage, Weightage of S

¢ Sub- Normalization 9 .
Composite of ‘ components of | | Sub- ‘ = ‘ Risk Index and ‘ Adaptation
Indicatorsand = Components = components -/ Classification -/ Class —~/ Options
Normalization and Composite

Disasters/Hazards
Risk Index and
Class

Bio-Physical
Components
Scio-economic
Scenarios

Governance

Adaptation and

Mitigation Actions

Indicators Finalizations, Data
Acquisitions, Data Analysis,
Standardization, and Normalization

uJaDUO0D JO WaIsAS

Climate Change
Composite and Impacts and
Normalization Risks Index and
Class

Adaptation

Options and
Prioritizations

Sensitivity Risk

Index and Class Finalization of outputs and

deliverables, and integration with
Weightage, future plan and policy
Composite and
Normalization
Adaptive —_— Sectoral integrations and output validations at district, provincial and
Capacity Index national level and consultations with stakeholders
and Class

Vulnerability
Index and Class

Cross validations within sectors and cross-cutting areas in consultations with technical team, Thematic Working Group (TWG) and stakeholders

Figure 5: Process for VRA
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3.2 Methodological Steps

There were nine detailed steps to the VRA assessment, as shown in Figure 6. The framework
and the methodology of the VRA have been reviewed and updated according to the recent
findings of the research and development in the water resources and energy sector. Required
improvement has been conducted in consultation with the Thematic Working Group (TWG),
Technical Committee (TC), and the VRA team members to have a common understanding and
acceptance of everyone. The steps clearly explain the integration of Gender and Social Inclusion
(GESI), livelihoods, and governance in the assessment.

9. Identifying and k

Appraising
Adaptation —
Options based on 8. Identifying
the Climate Climate Change
Change Risk Impact and Risk . k
Ranking Rank at Sectoral, 7. Analysis of Data
and local to (Characterise
National Level future climate
ationat eve risks and 6. Weightage and
uncertainty level Composite Value
through climate Calculat1qn, and
and socio- Consultations 5. Data Collection,
economic Tabulation,
scenarios) ‘ Filtering, Analysis,

4. Exploring Data Normalisation, and

Sources, Nature, Standardization
and Character

3. Identifying Key
Indicators for

Hazard, Exposure,

2. Developing the and Vulnerability
g?a?rrl]gthﬁk which (Sensitivity and
N »
1. Unpacking AR5 illustrates the ?:ragl!:fl;r:rgr?famty)
Key Concepts and logical linkages Thematic and
Jerminologies and between hazard, Cross-cutting Areas
Scoping exposure,
Vulnerability and vulnerability and
Risk risk

Figure 6: Detailed methodological steps of the assessment

As described in Figure 6, the steps of detailed methodology are - (1) Further description of the
AR5 key concepts of the NAP and VRA processes, defining terminologies used and scoping
the Vulnerability and Risk; (2) Develop the VRA frameworks and illustrating their logical linkages
between the hazard, exposure, vulnerability and risk; (3) Identify the elements and indicators of
hazard, exposure, sensitivity and adaptive capacity including the indicators that represent cross-
cutting areas; (4) Explore authentic and reliable data sources and understanding their nature and
linkage with changing climate; (5) Data collection and analysis for quality assurance, followed
by the normalization and standardization of the collected data; (6) |dentify the weightage of the
elements, indicators and sub-sectors through expert survey and calculation of the indexes and
consultation with TWG, TC and other line agencies at provinces; (7) Analysis of the data through
the prospects of past trends of climate, future climate scenarios, its uncertainties and socio-
economic scenarios; (8) Identify the climate change impact and risk in the sector at districts,
provinces and physiographic level; and (9) Identify and appraising adaptation options according
to the obtained climate impact and risk.
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3.3 Data Analysis

This stage involves analyzing the data to identify trends in variables and highlight the ones
that could be potentially useful in planning and decision-making. Data filtration and analysis are
preceded simultaneously and cross-validated with other relevant sources. Figure 8 represents
the different stages of data consolidation, filtration, normalization, analysis, composition, and
production of final products. This step also involves characterizing broad future climate risks
and levels of uncertainty through climate and socio-economic scenarios, with marginalized and
vulnerable groups in mind. In this assessment, there are 18 members in the TWG and 31
experts for the indicators priority ranking, names, and designations of the members and experts
are listed in Annex 2. Based on the priority ranking, the obtained weights of the indicators,
elements, and sub-sectors of the VRA components are listed in Annex 3.

Normalizing of all the
Values of all the Indicators Standardization and indicators individually
~> of all the VRA-Components > filtration of the indicators’ >

at District Level value

Finalized Indicators of all
the VRA-Components

(Value ranking from 0 to 1)

|

Individual VRA-Components
Risk Index Results (Table

Finalization of weightage of Composite of Normalized

Indictor wise Risk Index

the Indicators

Indexes of the Indicators
and Normalization

and Map)

Results (Table and Map) and (ayay*ag* ... +a, = 1) 1) Hazard Index (HI)
categorized in different Whers, 71 (@l ahraght ... *2gly) > | 2) Exposure Index (1)
classes 2= Weightage, Where, 3) Sensitivity Index ()
_ . a = Weightage, | = Index of an 5 5
= Humiber off [viitest s Indictor, n = Number of Indicators 4 Adaptwe-(':apaclty (e (Bl
5) Vulnerability Index (VI)

Index Results of the

Composite of Normalized . o Indicators, Components and
Indexes of the VRA- Normalization of Composite Final Composite Climate Final Composite at
Components of the VRA-Components Change Vulnerability and Provincial Level and

1) Vulnerability = SI - ACI (= 0)
Or sl / ACI (1)
2) Risk = HI x El x VI

(Value ranking from 0 to 1)

Risk Assessment Index
Results (Table and Map) at
District Level

Physiographic Level (Table
and Map)

(Average by Area Weightage
Method)

|

\

Identification of Adaptation
Options at District Level

(Ground Level Activities, and
Guidelines and Local Level Policy)

Consolidation of Adaptation
Options at Provincial Level

(Guidelines, Plan and Policy)

Consolidation of Adaptation
Options at Physiographic
Level

(Guidelines, Plan and Policy)

Consolidation of Adaptation
Options at National Level

(Guidelines, Plan and Policy)

Figure 7: Stages of data acquisition, analysis, and overall risk rank results

3.3.1 Elements and indicators of the VRA components

According to MoPE (2017a), the exposure elements are grouped into four categories: water
systems, hydropower, biomass energy, and energy demand. The elements of water systems that
are exposed to change in climatic conditions are snow cover, glaciers, springs, groundwater, rivers,
lakes, reservoirs, and wetlands. Similarly, the elements of hydropower that are exposed to change
are hydropower plants and their transmission and distribution lines; and the beneficiaries of the
water resources and energy. The degree of sensitivity of these exposed elements and the adaptive
capacity of communities, physical infrastructure, and the natural system will define the scale of
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vulnerability. Thus the socio-economic status of the community, access to relevant technology,
management practices, the capacity of the communities, and climate-resilient plans and policies need
to improve to adapt to the impacts of climate change. Based on the elements and indicators defined
by MOPE (2017b) as well as the literature review and status of data availability, the elements and
indicators are further categorized according to the sub-sectors considered for the assessments. The
elements/indicators of exposure, sensitivity, adaptive capacity, and hazards that were considered
for the assessments are listed in Table 1, Table 2, Table 3, and Table 12 respectively.

Table 1: Elements and indicators of exposure

Sub-sector | Elements/Indicators |_Units_| Data Sources | Data Year |

A. Water resources

Water
availability
A1 (systems
and
sources)

Water
service
A2 (demand,
supply
and use)

B. Energy

B.1 Hydropower

Alternative
energy

B.2 (traditional
and
renewable)

A1
a.
b.
C.
d.
A2

Water as snow cover and glaciers
Snow cover area

Number of glaciers

Area of glaciers

Area of glacier lakes

Water as flowing/running water
Ground water flow (as of springs/streams)
Net water yields (as of larger streams)
Total water availability at rivers
Drainage length

Water as storage systems (lake/wetlands)
Lakes and reservoirs area

Wetlands area

Irrigation systems and infrastructures
Number of irrigation system

Number of irrigation canal

Length of irrigation canal

Agriculture lands and irrigation status
Total area of agriculture land
Potential area of irrigable land
Non-irrigated area of agriculture land
Beneficiary of water services

Total male population

Total female population

Hydropower plants

Number of hydropower plants

Total installed capacity

Transmission lines

Length of transmission lines

The capacity of transmission lines
Distribution (feeder) networks

Length of distributions (feeder) networks
The capacity of distributions (feeder) networks
The beneficiary of alternative energy
Traditional energy for cooking'"
Renewable energy for cooking?
Renewable energy for lighting

Hydro as alternative energy

Total number of pico/micro/mini hydro
Total capacity of pico/micro/mini hydro
Improved water mills
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km?
no.
km?
km?

mm
mm
MCM
km

km?
km?

no.
no.
km

km?
km?
km?

no.
no.

no.
MwW

km
kV

km
kV

HHs
HHs
HHs

no.
kw
no.

ICIMOD 2010
DWRI,

IWMI, UOG 1980-2012
ICIMOD 2010
ICIMOD,

MODIS 2001-2019
DWRI 2019
DWRI,

ICIMOD 2010, 2019
CBS 2011
DOED 2020
NEA 2020
NEA 2020
CBS,

AEPC 2011, 2020
AEPC 2020
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Table 2: Elements and indicators of sensitivity

 Sub-sector | Elements/indicators Units___ | Data Sources | Data Year |

A. Water Resources
A.1.1  Water as snow cover and glaciers
a. Trend of change in snow cover area km?/year MODIS 2001-2019
A.1.2 Water as flowing/running water

a. Trend of change in ground water flow (as of springs/streams) mm/year
b. Trend of change in net water yields (as of larger streams) MCM/year  DWRI, IWMI, UOG 1980-2012
Water c. Trend of change in total water availability at river reaches MCM/year
Al ?S‘;as'{zzgtv d.  Drainage density km/km? ICIMOD 2010
Gl A.1.3 Water as storage systems (lake/wetlands)
sources) a. Trends of change !n lakes and reservoirs area km?/year MODIS 2001-2019
b. Trends of change in wetlands area km?/year
A.1.4 Catchment characteristics
a. Slope/Topography % USGS 2014
b. 3Soil Class (Texture) and Area km? DOS, ICIMOD 2010
c. Trend of Change in “Land Use/Land Cover Area km?/year MOQODIS 2001-2019
A.2.1 Households dependency on main sources of drinking water
a. Tap/piped water %
b. Tube well/hand pump %
c. Covered well/kuwa %
d. Uncovered well/kuwa % HES DR 20112015
e. Spout water %
f. Rivers/stream %
A.2.2 Water demand and supply (surplus or deficit) status
a. Drinking water supply and demand % IWMI, UOG, CBS 1980-2012
Water b. Irrigation water supply and demand % DWRI, IWMI, UOG, CBS  1980-2019
services A23 lIrrigation systems and operations
A2 (demand, L
supply a. Average age of the irrigation system Years
and use) b. 5Type ?f water sourc?s.use.d for irrigation % DWRI 2019
c. SFunctional status of irrigation systems %
d. ’Irrigation scheme types by project size %
A2.4 GESI status of beneficiaries of water services
a. Sex ratio (male/female) %
b. Trend of population growth Person/Year
c. People with disability (PWD, male and female) % CBS 2011
d. Female-headed households %
e. 8Children and senior citizen %
f. SEthnicity %
B. Energy
B.1.1 Types of hydro plants (total capacity)
a. °Types of hydro plants by capacity/power
B.1 Hydropower b. "Types 9f hydro plants by water conveyance % of Total NEA, DOED 2020
B.1.2 '2Operational status of hydro plants MW
B.1.3  Ownership types (private hydro plants)
1 Traditional energy: firewood, agriculture residue, animal dung
2 Renewable energy: biomass, pico/micro/mini hydro, solar, wind
1 Soil class (texture): loamy, loamy skeletal, loamy boulder, fragmental sandy, lake area, river bed, snow cover area
2 Land use/land cover type: agriculture land, barren land, forests, grassland, savannas
3 Type of water sources used for irrigation: perennial, pond/lake, local stream
4 Functional status of irrigation systems: operational, under construction, defunct systems
5 Irrigation scheme types by project size: major, large, medium, small projects
6 Children and senior citizen: boys and girls (below 19 years), male/female senior citizen (above 60 years)
7 Ethnicity: dalit (male and female), janajati (male and female)
8  Types of hydropower plants by capacity: mini/small/medium/mega hydro plants
9 Types of hydropower plants by water conveyance systems: run-of-river (ror), peaking run-of-river (p-ror), storage
10  Operational status of hydro plants: under construction and under survey hydro plants
11 Electricity: pico/micro/mini hydro plants
}7 . LVuInerab|I|ty and Risk Assessment and Identifying Adaptation Options
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 Sub-sector | Elements/Indicators (Units___| Data Sources ___| Data Year

Alternative
energy

B.2 (traditional
and
renewable)

B.2.1
a.
b.

B.2.2

Households dependency on sources of alternative energy
Depend on wood/firewood for cooking %
Depend on 'Selectricity for lighting %

Biomass supply and demand 9
(surplus or deficit status) °

Table 3: Elements and indicators of adaptive capacity

Sub-sector | Elements/Indicators |Units | Data Sources | Data Year

A. Water Resources

A1 Water
availability
(systems
and
sources)

A2 Water
services
(demand,
supply
and use)

B. Energy
B.1  Hydropower

B.2 Alternative
energy
(traditional
and
renewable)

A1l
a.

=8

B.1.1
a.
b.
B.2.1

B.2.2

Water Recharge, Retention, and Reuse Interventions

Trends of Reforestation/Afforestation to conserve water (Change in
forest cover)

Trends of Terrace Farming for Water Retention
(Change in agriculture cover)

Disaster Prevention Measures

Draining of glacier lakes and monitoring plan

Access to climate information

Conservation/Management Plans and Investments

Number of wetland conservation initiatives

Number of management of conservation pond and reservoir
Environment/Climate Change Relevant Budget

Water Conservation Practices

Total Usable Water for Irrigation (Water-Use Potentials)

Total Usable Water for Drinking Water (Water-Use Potentials)
Number of bioengineering practices (Bio-Engineering applications)
Water Service Systems Management

Registration of Water Users Association (WUA) of Irrigation Systems

Turnover of Water Users Association
(WUA) of Irrigation Systems

Gross Command Area Covered
by Operational Irrigation Systems

No. of Well-functional Drinking Water Supply Schemes
Gender Development Index (GDI)

Operation Status of Hydro Plants (Operating Plan and Strategy)
Hydropower Potentials (Total Generation Capacity)
Electrification Coverage Status

Access to Technology of Alternative Energy

Bio-gas Plants Coverage by Households

Solar Plants Coverage by Households

Household Income/Per Capita Income

3.3.2 Climate change vulnerability and risk maps

AEPC,

CBS 2011, 2020
CBS,

ICIMOD 2010-2011

km?/year

km?/year

Station No.
Station No.

No.
No.
NPR

MCM
mm
No.

%
%

ha

No.
Fraction

MW
%

% of
HHs

NPR

MODIS 2001-2019
DHM 2020
DHM

MOFE 2020
MOFAGA

DWRI, IWMI, 1980-2012

uoG
MOFE 2020
DWRI 2019

DWSSM 2015

NPC 2014
DOED 2020
NEA

AEPC, CBS 2011, 2020

CBS, NPC 2014

Through the assessments, impact and risks maps are produced based on climate trends and
scenarios, observed and projected impacts, and elements of the VRA components. The products
are vulnerability and risk assessment indexes and classes of the VRA components, sub-sectors,
and sectors which integrate cross-cutting issues. It will rank climate change impacts and risks at
the sectoral, ecosystem, and national levels. The ranking and classification have been finalized
in consultative meetings with TWG, TC, and provincial key stakeholders. The class break values
of all VRA components at the district, provincial, and physiographic levels. Table 4 represents
the levels at which the results have been produced.
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Table 4: Qutput products of the VRA!

Vulnerability and Risk Index and Class District | Province | Physiographic | Subbasin | Watershed
Level Level Reglons Level Level

Climate Sub-sectors
Extreme Events Trends Sector Yes Yes Yes Yes Yes
Hazard Climate-Induced Sub-sectors Yes Yes Yes Yes Yes
Indexes Disaster Sector Yes Yes Yes Yes Yes
Climate Sub-sectors Yes Yes Yes Yes Yes
Extreme Events Scenarios  Sector Yes Yes Yes Yes Yes
Sub-sectors Yes Yes Yes Yes Yes
Exposure
Sector Yes Yes Yes Yes Yes
L Sub-sectors Yes Yes Yes Yes Yes
Indexes of Sensitivity
Water Sector Yes Yes Yes Yes Yes
Resources . . Sub-sectors Yes Yes Yes Yes Yes
Adaptive Capacity
Energy Sector Yes Yes Yes Yes Yes
Overall Vulnerabil Sub-sectors Yes Yes Yes Yes Yes
ulnerabili
SEE; Y Sector Yes Yes Yes Yes Yes
Risk Baseline Yes Yes Yes Yes Yes
is
Future Scenarios Yes Yes Yes Yes Yes

3.3.3 Identification and appraisal of adaptation options

Identified adaptation options are aligned with the National Climate Change Policy (2019) of
WatRES, which states that “water and energy security will be ensured by promoting multiple
uses of water resources and production of low carbon energy.” The policy has recommended
eight strategies and the working policies in WatRES are described in Figure 8. As adaptation
options and mitigation plans for climate change impacts, these strategies and working policies
promote (a) promotion of recharge, retention, and re-use of water; (b) Multiple Use System
(MUS) for the effective and efficient use of water; (c) Rain Water Harvesting for groundwater
recharge and sustainable use of groundwater; (d) production of renewable energy and efficient
use; (e) environmental protection and climate-resilient technologies; (f) maintaining river
ecosystems and water level in glacial lakes; and (g) installation of new weather stations in
various geographical location to have evenly distributed climate information that could represent
both slope and expects.

1 ‘Yes’ means the maps are produced.

LVuInerab|l|ty and Risk Assessment and Identifying Adaptation Options

BB - e



(1)
Water, Storage, Rase, and Multiple Use System
(MUS)

(1)
Water Recharge and Rain Water Harvesting

(1)
Sustainable Use of Ground Water

(IV)
Renewable Energy and Efficient Technology

(V)
Environment and Climate Friendly Technology

(V1)
Maintaining River Ecosystems

(VIN)
Reducing Glacial Lake Outburst Risks

(VI
Expanding Spatial Coverage of
Hydrometeorological Stations

* Technologies for storage, multiple use and efficient use of water will be developed and
promoted in risk-prone areas and settlements considering the effects of climate change on
availability of, and access to, water.

« Rainwater harvesting ponds will be constructed for groundwater recharge and

their multiple use.

« Standards will be developed and implemented for sustainable use of groundwater
resources in urban areas.

« Production and use of renewable energy and use of energy efficient technologies will be
encouraged.

. Selection of environment friendly sites will be made and climate friendly technologies will
be used while constructing infrastructures including that of hydroelectricity, drinking
water and irrigation.

» Measures to mitigate adverse impacts on river ecosystems will be adopted while generating
hydroelectricity.

« Safe outlet will be managed by decreasing the water level for reduction of glacial lake
outburst risks.

« Dissemination of information relating to weather will be systematized by expanding Hydro
meteorological stations in various geographical regions and their capacity will be enhanced.

Figure 8: Strategies and working policy of national climate change (2019)

In the assessment, the adaption options are recommended to meet the outcomes in short-
term (1-5 years), medium-term (1-10 years), and long-term (1-30 years) periods, which are
based on the structural/physical, social, and institutional prospects (Table 5) to strengthen the
resilience of systems for water resources and energy management. The adaptation options are
identified based on the recommendation of government white papers, literature reviews, and

suggestions from the provincial meetings.
e To enhance the resilience of systems for water resources management in the future and to
overcome the issues of water scarcity due to the impact of climate change

e To ensure the safety of water management facilities and to minimize the risk of climate-
induced hazards due to extreme climate events

e To reduce the impact of periodic water scarcity and extreme climate events in the energy
sector, particularly hydro-electric production

e To promote the use of alternative energy and to diversify the use of renewable energy

Table 5: Category and period of recommended adaptation options?

Adaptation Options Short-term Medium-Term Longer-Term
P P (1-5 Year) (1-10 Years) (1-30 Years)
Structural/Physical Yes Yes Yes
Water .
Social Yes Yes Yes
Resources —
Institutional Yes Yes Yes
Structural/Physical Yes Yes Yes
Energy Social Yes Yes Yes
Institutional Yes Yes Yes
2 ‘Yes’ means the adaptation options are identified.







Chapter 4

Observed Climate Change
Impacts

4.1 Observed impacts on the sector

Climate change presents physical and socio-economic challenges in the water
and energy sector. The effects of changes in temperature and precipitation are
expected to change the water balance, runoff, and timing of water availability.
The changes also add uncertainties to water availability as it brings changes in
the snow and glacier melt pattern, rainfall variability, extreme weather events,
streamflow, and drought.

Most of the elements of hazard listed in WatRES (refer to Table 12) will cause
changes either in the land use pattern or soil class/patterns or both. This
change can increase surface runoff and evaporation and decrease groundwater
recharge within the watershed. Most of the time it will change the vegetation
and topography and affect the water balance of the watersheds. Furthermore,
surface soil erosion, mass-wasting, and sediment deposition occur due to
water-induced hazards, which change the land cover and land use, and soill
pattern within the watershed ultimately altering water availability.

The changing climate may further exacerbate the water stress already
occurring in Nepal due to the monsoon-dominated climate. Climate change
would further increase this seasonal imbalance: - too much water during the
rainy season and too little of it duringthe dry seasons (Chaulagain, 2009).Water
resources, especially springs, are being depleted rapidly across the Hindu Kush
Himalaya (HKH) region (Tiwari & Joshi, 2012b). Although the causes are not
yet clear, a range of factors are thought to be responsible, including reduced
infiltration and increased runoff, changes in land use (e.g. mixed forest to
plantation, shrubs and barren land to forest, forest to agriculture, agriculture to
infrastructure, wetlands encroachments and drying out), changes in agricultural
practices (leading to soil degradation), and changes in precipitation patterns
(e.g. from snow to rain, increase in cloudbursts and extreme events) (Gautam



& Andersen, 2017; Tiwari & Joshi, 2012a, 2012b). In the two watersheds of the Kavrepalanchok
district of Nepal, 15-30% of the springs have dried up in the last decade. This is likely due to
a combination of factors such as climate change, biophysical, technical, and socio-economic
factors (ICIMOD, 2015; Poudel & Duex, 2017; Sharma et al., 2016).

The changes in climate variables and land use pattern have not only impacted the water
availability, particularly in seasonal water availability to meet water demands of all the sectors (L.
Bharati et al., 2014; Luna Bharati et al., 2019)especially in regions such as the Koshi Basin in the
Himalayas; where CC impacts are still uncertain. This paper recommends targeting adaptation
strategies by focusing on changes in variability between the past and future climates at smaller
scales. The Soil and Water Assessment Tool (SWAT but has also had an impact on the quantity
of freshwater reservoir in the mountains of Nepal, particularly due to glaciers retreat (Shrestha &
Aryal, 2010). Also, it impacts the access and usage of water particularly increasing vulnerability
and marginalization. A recent study (IWMI, 2019) about techno-social interventions based on the
socio-economic and biophysical settings in the river basins of Western Nepal (Karnali, Mahakali,
and Mohana), suggested that access to sustainable water resources require mitigation and
prevention against land degradation, which is also connected to land-use practices. Table 6
represents the findings of climate change impact on WatRES; which are summarized from the
studies mentioned in this assessment.

The changes in precipitation and temperature pattern, including extreme weather events (such
as floods and droughts), affect water availability and timing and cause water-related disasters.
Due to the monsoon-dominated seasons in Nepal, floods, flash floods, and landslides are very
common in hilly areas. These water-related hazards will increase (e.g. frequency, magnitude)
in the context of global climate change. Different forms of drought (such as agriculture,
meteorological droughts) have a direct impact on various sectors.

Table 6: Climate change impacts in watres

SIS L Climate change will intensify the sectoral competition for water use
with Limited Evidence 4 i :

In many regions, changing precipitation or melting snow and ice are altering hydrological systems,
VEG e ih - affecting water resources in terms of quantity and quality.
with Medium Glacier retreats are affecting runoff and water resources downstream.
Evidence In presently dry regions, drought frequency will likely increase by the end of the 21st century under RCP 8.5.
Climate change may influence the integrity and reliability of pipelines and electricity grids.
Glaciers continue to shrink almost worldwide due to climate change.
Climate change is causing permafrost warming and thawing in high latitude regions and high-
elevation regions.
Rising water temperatures, due to global warming, will lead to shifts in freshwater species
[T [ NIl IEERWIG distributions and worsen water quality problems, especially in those systems experiencing high
Medium Evidence anthropogenic loading of nutrients.
Climate change is projected to reduce raw water quality and pose risks to drinking water quality even
with conventional treatment, due to interacting factors: increased temperature; increased sediment,
nutrient, and pollutant loadings from heavy rainfall; increased concentration of pollutants during
droughts; and disruption of treatment facilities during floods.
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Freshwater-related risks of climate change increase significantly with increasing greenhouse gas
concentrations.

Climate change is projected to reduce renewable surface water and groundwater resources
significantly in most dry subtropical regions.

Climate change is projected to reduce energy demand for heating and increase energy demand for
cooling in the residential and commercial sectors.

Climate change will affect different energy sources and technologies differently, depending on the

G (BIRE G ELERNTIGM resources (water flow, wind, and insolation), the technological processes (cooling), or the locations
Robust Evidence (coastal regions, floodplains) involved. Gradual changes in various climate attributes (temperature,
precipitation, windiness, cloudiness, etc.) and possible changes in the frequency and intensity of
extreme weather events will progressively affect operation over time.

The impact of the increase/decrease in average water availability will lead to increased/reduced power
outputs. The changes in seasonal and inter-annual variation in inflows (water availability) will shift in
seasonal and annual power output; floods and lost output in the case of higher peak flows. Likewise, the
extreme precipitation causing floods will have direct and indirect (by debris carried from flooded areas)
damage to dams and turbines, lost output due to releasing water through bypass channels.

The hydropower sector in the Hindu Kush Himalayas suffers from the twin challenges of societal
pressure and climate change. The sector faces major challenges due to glacial melt induced by
climate change. Glaciers across the region, except in the Karakoram (Bolch et al., 2017) based
on 1973 Hexagon KH-9, ~ 2009 ASTER and the SRTM DTM, we show that glaciers in the Hunza
River basin (central Karakoram, are retreating, leading to changes in future hydrological regimes.
At the same time, the risk of glacial lake outbursts floods (GLOFs), and landslides are increasing,
putting both existing and planned hydropower plants at risk. Glacial lakes are formed behind
moraine dams on loose and unconsolidated material. These unstable lakes pose a threat to
downstream communities and infrastructure in the event of GLOFs. For example, a GLOF in
1985 in the Dudh Koshi River Basin damaged the nearly completed Namche Small Hydroelectric
Project and caused other damage further downstream (ICIMOD, 2011). Similarly, in recent years,
landslides and landslides blocking rivers causing Landslide Dam Outburst Flood (LDOF) have
become common, such as the Sunkoshi dam landslide in 2014. Landslides attributable to intense
rainfall, land degradation, and development activities are disturbing springs in the middle hills.

Soil erosion and sedimentation are very common during the monsoon and affect irrigation
canals, dams, and hydropower plant reservoirs (both storage and run-of-the-river). Excessive
sedimentation shortens the life span of reservoirs and decreases the efficiency of power plants.
Rising temperatures can cause glaciers to shrink and enhance glacier melt. There is also more
rainfall than snow due to high temperatures in high-altitude areas. It is likely that due to climate
change, runoff from glaciated areas will increase in the short term, but in the long run, it is
expected to decrease when glacier storage diminishes (Bates et al., 2008; Eriksson et al., 2009).

4.2 Climate change impact on the hydrology of Nepal

The impact of climate change on the hydrology of Nepal is evident. According to basin-level
studies (Luna Bharati et al., 2019; Ghimire et al., 2019; IWMI, 2019; Pandey et al., 2019, 2020;
Pandit, 2020) in Nepal on the impact of climate change in water availability (Table 7), the total
water availability at river basins of Nepal will increase in both the near future and the medium
future scenarios of RCP 4.5 and RCP 8.5. However, there are variations in seasonal and sub-
basin level projected water availability. The future changes of flow in the non-monsoon seasons
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(October to May) will be within the past ranges, whereas, the future changes of flow in the
monsoon (June to September) will be higher than in the past. This will have adverse effects on
the water demands of people, as well as the ecosystem due to the high demand for energy
and industrial development. Figure 9 represents the district-wise hydrological parameters:
Precipitation (in mm), Ground Water Flow (in mm), Net Water Yield (in mm), and Total Water
Volume (in MCM) at the baseline period.

Based on the results of the studies (Table 7) including analysis included in the Irrigation Master
Plan 2019 (DWRI, 2019), the impact of climate change scenario on water resources has been
further analyzed for the near future (the 2030s) and medium future (2050s) projection of scenarios
RCP 4.5 and RCP 8.5 at the district level. Table 8 represents the percentage of changed scenarios
due to climate change impact on the amount of annual groundwater flow, the amount of annual
net water yield, and the amount of annual total water volume (discharge) available at districts.

Table 7: Change in total annual water availability

] ] . RCP45 | RCP85 |
Basin/Sub-basin RCP S5 Reference
mmmm

Koshi-Bagmati +1.25% - +11.29% (Luna Bharati et al., 2019)
Narayani (Gandaki) +2.60% +10.87% +5.40% +5.24%  (Ghimire et al., 2019; Pandit, 2020)
Karnali-Mohana +0.60% +6.40% +1.90% +4.20%  (IWMI, 2019; Pandey et al., 2020)
Chamelia in Mahakali +8.20% +12.20% - - (Pandey et al., 2019)

According to the climate change projection scenarios (Table 8), the annual water availability
parameters will increase in most of the districts in the future, while decreasing in some districts.
However, the spatial imbalance and temporal variabilities of water availability do exist. The
change in the ground-water flow which contributes to the flow of springs and local streams will
primarily have an impact on the community level water demands such as drinking water, pico/
micro hydropower, biomass production, and micro-irrigation. Whereas the change in net water
yield, which contributes to the larger flow of streams, will primarily have an impact on the water
demands of small-scale water services, such as urban water supply, mini/small hydropower,
small irrigations, and small industries. Similarly, the change in total water volume (discharge)
of the river will have an impact on the larger scale water demands, such as medium/mega
hydropower, medium/large/major irrigation, and mega water supply projects. Results of the
above studies show that climate change has a direct impact on water availability, which is the
key exposure unit of the water resources and energy sector.

(a) Precipitation (b) Ground Water Flow
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(c) Net Water Yields (d) Total Water Volume
Figure 9: District-wise hydrological water balance parameters

Table 8: Range of change in water availability parameters

Change in Near Future (2030s)
oy | meas [ mess |
Annual Water RCP 8.5

e -
| Increasing | Decreasing | _Increasing | _Decreasing |
Ground Water Flow -81.3% to +634.5% 57 20 -84.4% to +639.9% 61 16
Net Water Yield -134.8% to +230.3% 55 22 -138.0% to +241.0% 59 15
Total Water Volume -38.6% to -27.2% 34 43 -39.4% to +27.3% 46 31
Change in Medium Future (2050s)
Ground Water Flow -73.1% to +637.9% 61 16 -89.5% to +646.5% 62 15
Net Water Yield -148.8% to +236.1% 58 19 -165.2% to +250.7% 64 13
Total Water Volume -38.6% to +27.2% 50 27 -51.6% to +46.1% 50 27

4.3 Climate change impact on the energy sector

The study initiated by the government of Nepal shows that climate variability also affects
hydroelectric production. Hydroelectric plants are dependent on predictable run-off patterns,
and thus sensitive to climate variability (OECD, 2003). The impact of an increase/decrease
in average water availability will lead to increased/reduced power outputs. Nepal's electricity
generation relies mostly on the run-of-river hydropower plants, and some river flows are
insufficient to operate important plants during the dry season, which will worsen due to climate
change. The changes in seasonal and inter-annual variation in inflows (water availability) will
shift in seasonal and annual power output; floods and lost output in the case of higher peak
flows. Likewise, the extreme precipitation causing floods will have direct and indirect (by debris
carried from flooded areas) damage to dams and turbines, lost output due to releasing water
through bypass channels. The impact of climate variability on electricity production indicates
that economic costs could be equivalent to 0.1% of GDP per year on average, and 0.3% in
very dry years (IDS-Nepal et al., 2014)released this week by the Climate and Development
Knowledge Network (CDKN).

Studies show that rising temperatures will affect snow hydrology and glacier melt and may
impact hydro plants with substantial catchments above the snow line (i.e. the winter snow

Sectoral Report: Water Resources and Energy | 2
[ ]

. el ).

<:(>>... C‘

/_m




}7. AL

line of > 3000m elevation and the year-round snow line > 5000m elevation) but will have little
or negligible impact on plants at lower elevations. Also, hydropower plants that are located
within 50-100 km downstream of potential glacier lakes are expected to be more affected by
potential GLOF events. This is because the peak discharge generated by GLOF events within
such distances can be higher than the design flood values of the hydro plants. The higher
monsoon peak flows could increase the risks of extreme flows and floods, leading to damage
of hydroelectricity plants, with the costs of repair and lost revenues. As an example, there have
been recent losses of smaller hydro plants (e.g. Khudi hydropower plant) due to floods (CDKN,
2017).

They are also subject to the risks of floods and droughts, including risks from Glacial Lake
Outburst Floods (GLOFs). Incidentally, there was a loss of a multi-million dollar hydropower
facility in 1985 due to a GLOF event (OECD, 2003) and a more recent loss of micro-hydro
plants from floods (Paudyal, 2011). The Zhangzangbo GLOF (July 11, 1981) caused substantial
damage to the diversion weir of the Sun Koshi Hydropower Plant, the Friendship Bridge at the
Nepal-China border, two other bridges, and extensive road sections of the Arniko Highway.
These amounted to a total loss of more than US$ 3 million. Similarly, the Dig Tsho GLOF (4
August 1985) in the Khumbu region (eastern Nepal) destroyed, over a distance of 42 km, the
Namche small hydroelectric plant with an estimated loss of US$ 1.5 million, 14 bridges, 30
houses, trails, farmlands and the properties of many families, including three human lives. On
3 September 1998, the Tam Pokhari GLOF in the Dudh Koshi Basin (eastern Nepal) destroyed
6 bridges and farmlands (with an estimated loss of US$ 2 million), including two human lives.

The heavy sediments and debris flow from GLOFs can create problems in these downstream
projects. Breaching of glacial lake dams from a close distance poses high risks to hydro
projects; a case in point is the flood damage in Bhote Koshi Project on 5 July 2016 from a
GLOF originating from Tibet, China. Recently, there have been cases of landslide-induced
damming and impounding of a large volume of water behind these dams (for example, the Jure
landslide in Sun Koshi River in August 2014) impacting hydro plants downstream. Nearly 10%
of the nation’s hydropower capacity, some 67 MW, was severed by the landslide, submerging
a 5 MW power plant and disconnection of the power supply with Bhotekoshi hydropower
(45MW) and Sunkoshi hydropower (10 MW) and washed out over 400 houses, killing over
200 people. The landslide-induced dam breached catastrophically but, fortunately, no human
casualties occurred. The impact of hydropower projects downstream is not known. The higher
monsoon peak flows could increase the risks of extreme flows and floods, leading to damage
of hydroelectric plants, with the costs of repair and lost revenues. As an example, there have
been recent losses of smaller hydro plants (e.g. Khudi hydropower plant) due to floods.

Climate change influences the integrity and reliability of electricity grids. In Nepal, floods,
landslides, snowstorms, and other hazards damage the electricity grids, transmission lines, and
powerhouses. Although there is no actual assessment of how much is lost annually through
the disasters, there are common views that the loss and damage are huge and will increase in
the future. The consultations at the provinces revealed that transmissions in Terai are in threat
of flood while in the mountains mostly landslides pose the damage.
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Chapter 5

Climate Induced Hazards

The effects of climate change are apparent in Nepal, especially in the high
mountains. The increase in temperature is evident whereas there is extreme
variability in rainfall patterns. Recent studies show that temperatures are
rising all over Nepal but becoming particularly high in the mountain areas. The
precipitation patterns are changing: there is a short duration of rainfall but a
more intensive and heavier pour.

According to MoPE (2017), extreme climate events such as extreme precipitation;
annual minimum and maximum temperatures; summer maximum and winter
minimum temperatures; consecutive hot, dry, and wet days; and the number of
rainy days are the elements of hazards for the WatRES. Similarly, climate-induced
hazards are landslides, flood and flash floods, Glacial Lake Outbursts (GLOFs),
Landslides Dam Outburst Floods (LDOFs), heavy rainfall, and snowstorm. Also,
the sediment transport and deposit, which has changed the land cover and land
use, are some water sector-specific hazards. These elements are major drivers
which have an impact on the water balance of the watershed. As a result, the
hydrological processes of the respective watersheds are altered evident through
changes in the surface runoff, groundwater recharge, and evapotranspiration.

51 Trends and change scenarios of climate in Nepal

DHM (2017) reported that there were significant positive trends in the annual
and seasonal maximum temperature, however, these significant positive
trends of minimum temperature were observed only in monsoon. There
were no significant trends observed in the annual and seasonal precipitation.
According to the observed climate data of Nepal, the annual minimum and
maximum temperatures have increased by 0.02°C and 0.56°C respectively
per decade. Table 9, Table 10, and Table 11 represent the generic trends of
temperature, precipitation, and climate extremes by seasons, districts, and
physiographic regions.



X

Table 9: Seasonal temperature and precipitation trends

Generic Trends Trend in Districts

Season Precipitation
Winter ) 54 Slgnlflcant Significant Insignificant
Pre-monsoon l i l Significant ~ Significant Significant
Monsoon 1 i i Significant  Significant Significant

Table 10: Temperature and precipitation trends in physiographic regions

Generic Trends

T t

Physiographic

Region
High Himalaya Insignificant () (in winter —|’) Significant (1) Significant (in pre-monsoon —‘|’)
High Mountain Insignificant () Significant (1) Insignificant ()
Middle Mountain Insignificant () Significant (1) Insignificant ()
Siwalik Significant (1) Significant (1), (in winter —‘|’) Insignificant ()
Significant (1) (in pre-monsoon &

Terai Significant (1) Insignificant ()

winter —|’)
MOFE (2019), the annual mean temperature will increase in the future by 0.9°C to 1.1°C in the
2030s (near future) and by 1.3°C to 1.8°C in the 2050s (medium future) regarding the period
2010s (baseline). Likewise, the annual mean precipitation will also increase in the future by
2-6% in the 2030s and by 8-12% in the 2050s. This shows that the climate will be significantly
warmer and wetter in the future; however, there will be seasonal variability, such as decreasing
precipitation during pre-monsoon seasons and a likelihood of stronger monsoons in the future.
This will increase the chances of occurrence of extreme climate events in the future and will
have an impact on the hydrological water balance and water availability for the sector including
all other sectors. The stronger monsoon will increase the risks of monsoon-related disasters,
such as landslides and floods/flash floods in the future.

Table 11: Climate extreme general trends

Climate Extreme Events Generic Trend in Districts

| Decreasing()) | _____ncreasing(1) ______|Insignificant({) |

Temperature (TMP)

Warm Days Majority

Warm Nights Majority

Warm Spell Duration (WSD) Majority

Cold Days Majority

Cold Nights Few South-eastern Northern & Few North-western
Cold Spell Duration (CSD) Sudurpashchim Province
Precipitation (PCP)

No. of Rainy Days North-western

Very Wet Days Northern

Extremely Wet Days Northern

Consecutive Dry Days (CDD)  North-western of Karnali Province

Consecutive Wet Days (CWD) Northern of Karnali Province; and Central

parts of Gandaki Province and Province 1.

‘4’ - Significant Decreasing Trend
‘P’ - Significant Increasing Trend
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5.2 Climate change stressors

The climatic variables used in this sector are annual, monsoon, and winter precipitation; and
minimum, maximum, and average temperature. \Whereas the extreme climate events that have
been considered are extreme and very wet days, consecutive wet and dry days, several rainy
days, warm days and nights, and warm spell duration. The climate-induced hazards that have been
considered in the assessment of these sub-sectors are heavy rainfall, snowstorm, landslides, flood/
flash floods, Glacial Lake Outburst Floods (GLOFs), and an avalanche. Based on the availability of
quality data, the impact of the hazard that has been considered for the assessment is the number
of human casualties, property loss, and the number of affected families. The hazard and its impact
data were acquired from the Ministry of Home Affairs (MOHA). The elements and indicators that
have been considered for the sector are listed in Table 12. The respective rank analysis can be
found below sections.

Table 12: Elements and indicators of hazards/disasters

Elements/Indicators Units and Data Nature

A. Climate and Climate Extreme Events

Historical
Trends

Climate
Change
Future
Scenarios

Al

2

® PTe T a0 T ® Poaon T

Se@ ~o a0 oo >

Climatic Variables
Annual Precipitation
Monsoon Precipitation
Winter Precipitation
Maximum Temperature
Minimum Temperature
Climate Extreme Events
Extreme Wet Days
Very Wet Days
Consecutive Wet Days
Consecutive Dry Days
Number of Rainy Days
Warms Days

Warm Nights

Warm Spell Duration
Climatic Variables
Annual Precipitation

Average Temperature

Climate Extreme Events
Extreme Wet Days
Very Wet Days
Consecutive Wet Days
Consecutive Dry Days
Number of Rainy Days
Warm Days

Warm Nights

Warm Spell Duration

mm/year

°C/year

Days/year or Nights/year

RCP 4.5 & RCP 8.5 Scenarios

Near Future 2030s

Medium Future 2050s

Precipitation related changes are in %
Temperature related changes are in °C

RCP 4.5 & RCP 8.5 Scenarios
Near Future 2030s

Medium Future 2050s

Climate extreme events are in %
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DHM

DHM

MOFE

MOFE

1971-2014

1971-2014

1981-2010

1981-2010
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Elements/Indicators Units and Data Nature

B. Climate-Induced Hazard
Heavy Rainfall:

B.1.1 No. MOHA 1971-2019
Occurrences
B.1.2 Snow Storm
a. Occurrences No.
b, Snowy Area K MOHA 1971-2019
B.1.3 Landslides
a. Occurrences No.
b. Prone Area km? MOHA 1971-2019
Hazard B.1.4 Flood/Flash Floods
Events a. Occurrences No.
b. Prone Area km? MOHA 1971-2019
B.1.5 Glacial Lake Outburst Floods (GLOFs)
a. Occurrences No.
b. Potentially Dangerous No.
Glacier Lakes MOHA 1971-2019
Distance from Glacier
c km?
Lakes
B.1.6 Avalanche: Occurrences No. MOHA 1971-2019
B.2.1 Number of People/Family
Loss a. Death People No.
B2 And b. Injured People No. MOHA 1971-2019
Damage Affected Family No.
B [ropertyloss(Monetary oo MOHA 1971-2019
Value)

Landslides are common in Nepal (Salike & Fee, 2015) since 80% of the total area is mountainous.
According to the climate projection scenarios (Luna Bharati et al., 2019), the high flows are
outside the past range in all the months except January and September, which signifies that
flood occurrences will increase in the future. The glacier areas have been lost by 25% between
1980-2010, and more loss of glacier mass is to be expected in the future (Bajracharya et al,,
2014a). This glacier retreat will lead to changes in the hydrological regimes in the future (Bolch et
al., 2017) based on 1973 Hexagon KH-9, 2009 ASTER and the SRTM DTM, we show that glaciers
in the Hunza River basin (central Karakoram). These climate-induced hazards have directly or
indirectly impacted the people, their settlement, infrastructures, and Natural resources in the
past. The GLOFs and landslides are a prevalent risk to the planned and operating hydropower
plants. According to MOPE (2017b), the estimated total direct economic cost of water-induced
disasters is USD 270 million per year, and damages caused by floods are about 5% of the
national GDP. Similarly, the impact of climate variability on electricity production and planned
interruptions has lost and damaged the equivalent of 0.1% GDP every year on average and is
equivalent to 0.3% in very dry years (IDS-Nepal et al., 2014) released this week by the Climate
and Development Knowledge Network (CDKN).

5.2.1 Climate extreme events

The change Iin climatic variables such as precipitation, temperature (minimum and maximum),
relative humidity, solar radiation, and wind speed will affect hydrological systems and ultimately
affect water resources and their subsectors, such as water system and sources, water use/
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demand (water service), hydropower development and alternative energy sources. Climate
extreme events such as heatwaves, prolonged periods of drought, and intense rainfall will have
an impact on the functioning of hydropower systems and production (MOPE, 2017b).

5.2.2 Major climate-induced hazards in the sector

Landslides

Landslides are common in Nepal because 80% of the total area is mountainous (Salike & Fee,
2015). Natural phenomena such as heavy rainfall, fragile geology, steep and rugged topography,
deforestation, and disturbance in hill slopes are the major causes of landslides in Nepal.
Landslides occurrence—which is high in the hills and mountain regions of Nepal—has had a
direct or indirect impact on people, their settlement, infrastructures, and natural resources. The
proximity of these exposed elements will distinguish the degree of sensitivity of the exposure.
The infrastructures that are damaged or destroyed by landslides can affect water availability
and also alter the water and energy demand, supply, and consumption. More importantly, the
disturbance in soil and vegetation will affect water availability and might dry up the springs and
stream sources of the watershed.

Floods/Flash Floods

According to a study (Luna Bharati et al., 2019) based on projected climate and hydrological
modeling of the Koshi basin, the range of the projected high flows is outside the past range in
all months except January and September, which has further suggested that the peak flows
will increase in the future. Therefore, flooding occurrences are expected to increase with the
changing climate in the future. The Koshiriver basin is found to be a high potential for hydropower
and irrigation development due to its high water availability. Some of them are in operation and
many of them are in the design phase. However, the impact of climate change has not been
considered in their design. Therefore, these infrastructures are under the threat of flooding. In
the same way that a landslide causes destruction, floods have also damaged and destroyed
the lives of people and their livelihoods and natural resources. Communities that live near the
flooding area and the communities living in flood plains will be sensitive to the susceptibility of
floods. Floods will also change the land-use pattern because of soil mass movement and loss
of vegetation, which will alter the hydrological system of the respective watersheds.

Glacier Lake Outburst Floods (GLOFs)

The study in the Dudh Koshi basin from eastern Nepal (Shea et al., 2014, 2015) suggested a loss
of glaciers mass in the Everest region by this century according to RCP 4.5 and RCP 8.5 climate
projections. Similarly, Bajracharya et al. (2014) reported the loss of glacier areas of 23% in Bhutan
and 25% in Nepal between 1980 and 2010. Glaciers across the region except in the Karakoram
(Bolch, 2017; Bolch et al., 2017) are retreating, leading to changes in future hydrological regimes.
Forty-seven glacial lakes were identified as potentially dangerous. These include 42 lakes in the
Koshi, three in the Gandaki, and two in the Karnali basins. Of these, 25 potentially dangerous
glacial lakes (PDGLs) are in the TAR, China, and flow across the border into Nepal, 21 PDGLs are
situated in Nepal (Table 13), and one is located in India. The table shows the PDGLs by river basin
and sub-basin. At the same time, the risk of GLOFs and landslides are increasing, putting both
existing and planned hydropower plants at risk. The sub-sector, such as hydropower, is facing
major challenges due to the glacial melt caused by climate change. Therefore, climate change
has become an additional challenge to the hydropower sector along with the existing challenges.
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Table 13: Potentially dangerous glacial lakes in Nepal

Potentially Dangerous Glacial Lakes (PDGLS)

Tamor 4

. Arun 4
Koshi Dudh Koshi 9
Tama Koshi 1

Trishuli 1

Marsyangdi 1

Karnali Humla 1

Gandaki/Narayani

In the assessment, the other climate-induced hazards that have been considered are heavy
rainfalls, snowstorms, and avalanches. These hazards also have a considerable impact on the
water resources and energy sector.

According to the MOHA database, 3,787 landslides, 3,443 floods/flash floods, 14 GLOFs, 822
heavy rainfalls, 179 snowstorms, and 126 avalanches have occurred from 1971 to 2019. These
disasters have killed nearly 31,692 people and injured nearly 57,990 people, affected around
6,357 thousand households, and destroyed properties equivalent to NPR 71.36 billion. The
data shows that the occurred snow storms have covered nearly 3,663 km? and the occurred
landslides and floods/flash floods covered nearly 87,102 km? and 11,246 km? respectively.

5.3 Trends of climatic variables and climate extreme events

The historical trends of climatic variables and climate extreme events related to the sector
are also analyzed. The summary trends presented in Table 9, Table 10, and Table 11 reflect
seasonal, physiographic level, and climate extreme events general trends in the country. Based
on the DHM (2017) trends analysis data of climate variables and climate extremes events (the
list in A.1 of Table 12), the hazard rank analysis has been conducted (Figure 11) and the class
group-wise list of the districts are included in Table 14.

The hazard rank analysis was carried out by normalizing the indicators and their composition
based on the individual weightage to see the composite impacts. In general, the rank has shown
that the western parts and north-eastern parts of the country were highly vulnerable in the past.
Among the 77 districts, there are 6 districts in ‘Very High', 16 in ‘High"”, 22 in ‘Moderate’, 23
in ‘Low’ and 10 in ‘"Very Low' class groups (Table 14). The dominant indicators that contributed
to a higher rank of hazardous classes are trends of annual, monsoon, and winter precipitation;
trends of maximum temperature; trends of very wet days; and trends of warm days.
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Figure 10: Hazard rank due to past trends of climate extreme events

Table 14: Hazard rank due to trends of climate extreme events

Hazard Rank | Distriot |

Very High
(0.815—1.000)
High
(0.612-10.814)

Moderate
(0.473-0.611)

Low
(0.242 - 0.472)

Very Low
(0.000 — 0.241)

Bardiya, Kailali, Panchthar, Parbat, Syangja, Taplejung

Baglung, Baitadi, Bhaktapur, Bhojpur, Dhanusha, Dolpa, Doti, Gulmi, Humla, Jhapa, Mustang, Nawalpur,
Parasi, Surkhet, Tanahu, Terhathum

Achham, Arghakhanchi, Bajhang, Bajura, Banke, Chitawan, Dadeldhura, Dailekh, Darchula, Dhankuta,
Gorkha, Jajarkot, Kalikot, Kanchanpur, Khotang, Mahottari, Okhaldhunga, Palpa, Parsa, Rupandehi, Salyan,
Sindhupalchok

Dang, Dhading, Eastern Rukum, Jumla, Kapilbastu, Kaski, Kathmandu, Kavrepalanchok, Lalitpur, Lamjung,
Manang, Mugu, Myagdi, Nuwakot, Pyuthan, Rolpa, Sankhuwasabha, Saptari, Sarlahi, Siraha, Sunsari,
Udayapur, Western Rukum

Bara, Dolakha, llam, Makawanpur, Morang, Ramechhap, Rasuwa, Rautahat, Sindhuli, Solukhumbu

5.4 Climate-induced hazards (baseline)

The indicators under climate-induced hazards and loss/damage due to climate-induced hazards
(the list in B.1 and B.2 of Table 12) of the past are normalized and composited for the hazard
ranking for the understanding of the impact of climate-induced hazards presented in Figure
12 and the list of the districts are included in Table 15. This rank is a historical scenario of the
hazards; thus, it has been considered as the baseline status of the hazards in the sector and

sub-sectors.

Sectoral Report: Water Resources and Energy | 3
[ ]

. el ).

<:;\... C‘

/_m




}3...

>Z

30

Government of Nepal
Ministry of Forests and Environment

29

iclle\Mgtntain =

w5
k. Gandakl \

28

Climate Induced Hazard
M Very Low b i ) e B B
h L otan Provmce1

| Low

Moderate
[ High
M Very High

— Local level boundary

{
Water Resources & Energy (Baseline) \ I

27

— District boundary

— Physiographic boundary [ T | ]
26 0 50 100 150 200 250 km

Province boundary

- = International boundary
80 81 82 83 84 85 86 87 88

Figure 11: Hazard rank due to climate-induced hazards

Table 15: Hazard rank due to climate-induced hazards (baseline)

Hazard Rank

23?;1:_'9:1.000) Chitwan, Kailali, Kaski, Mahottari, Morang, Rautahat, Saptari, Sarlahi, Solukhumbu

High Achham, Banke, Dang, Dhading. Dhanusha, Doti, Gorkha, Humla, Jhapa, Kanchanpur, Makawanpur, Parsa,
(0.496 - 0.747)  Sankhuwasabha, Sindhupalchok, Siraha, Sunsari, Taplejung

Moderate Baglung, Bajura, Bara, Bardiya, Dailekh, Dolakha, Dolpa, Jajarkot, Kalikot, Kavrepalanchok, Manang,
(0.287 —0.495)  Myagdi, Nuwakot, Rasuwa, Rupandehi, Sindhuli, Surkhet, Tanahu, Udayapur

Low Baitadi, Bajhang, Bhojpur, Gulmi, llam, Jumla, Kapilbastu, Kathmandu, Khotang, Lamjung, Mugu, Mustang,
(0.154—0.286)  Nawalpur, Okhaldhunga, Palpa, Pyuthan, Ramechhap, Syangja, Western Rukum

Very Low Arghakhanchi, Bhaktapur, Dadeldhura, Darchula, Dhankuta, Eastern Rukum, Lalitpur, Panchthar, Parasi,

(0.000-0.153)  Parbat, Rolpa, Salyan, Terhathum

In general, the composite rank of climate-induced hazards has been highly dominated by historical
events of floods in the Terai, landslides in the Hill region, and GLOFs in the Mountain region.
The floods were prevalent in Terai's Districts and GLOFs are in Kaski and Solukhumbu districts.
Among the 77 districts, there are 9 districts in 'Very High’, 17 in ‘High’, 19 in ‘Moderate’, 19 in
‘Low’, and 13 in the very Low’ class group (Table 15). The dominant indicators that contributed
towards a higher rank of hazardous classes are the occurrences of floods/flash floods and their
prone area; occurrences of GLOFs and their proximity to the districts; and the number of human
death caused by climate-induced disasters.
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5.5 Future scenarios of the climate extreme events

The most relevant 10 elements (the list in A.2 of Table 12) of climatic variables and climate
extreme events for this assessment were selected from the 13 elements reported by MOFE
(2019). These selected elements have been normalized and composited to figure out the
composite impact of climate change in the future of the sector. Figure 12 represents the district-
wise plots of future scenarios due to the composite effects of projected change in climatic
variables and climate extreme events. The future projected scenarios are RCP 4.5 and RCP 8.5
in the period 2030s and 2050s.

Table 16: Hazard rank due to change in climate extreme events

I Number of Districts

Hazard Rank RCP 8.5 I
Very High (0.845 — 1.000) 9 9 6 1
High (0.696 — 0.844) 14 12 15 11
Moderate (0.507 — 0.695) 23 20 20 16
Low (0.235 - 0.506) 9 18 20 23
Very Low (0.000 — 0.234) 22 18 16 20
Projected Districts in ‘Very High" Rank
Scenarios 2030s 2050s
RCP 45 Baglung, Gulmi, Nuwakot, Parbat, Pyuthan, Rasuwa, Baglung, Dolpa, Gulmi, Kaski, Mustang, Myagdi,
: Sindhupalchok, Syangja, Taplejung Parbat, Pyuthan, Syangja
. . . Arghakhanchi, Banke, Bardiya, Kailali,
RCP 8.5 Arghakhanchi, Bardiya, Dang, Gulmi, Mustang, Pyuthan e, T, S
Dominant Hazardous Climate Extreme Events
2030s 2050s
. S . Change in Precipitation, Extreme Wet Days and
RCP 4.5 Change in Precipitation and Consecutive Dry Days Very Wet Days
RCP 85 Change in Consecutive Wet Days, Number of Rainy Change in Precipitation, Temperature, Extreme
: Days Wet Days, Very Wet Days, Consecutive Wet Days

Under the RCP 4.5 scenario, the middle and eastern part of Nepal will be more impacted than
the western part in the 2030s, whereas, it will be just the opposite in 2050s (refer to figures
(a) and (c) of Figure 12). This represents the higher risk of climate extreme events that will
shift from east to west according to the near to medium-range of projections. Whereas under
the RCP 8.5 scenario in both 2030s and 2050s projections, the Gandaki Province and Lumbini
Province, some parts of Karnali Province, and the western Terai will be comparatively more
impacted than other parts of the country. The number of districts in the hazard rank classes
is presented in Table 16 separately for both projected scenarios and periods. The table also
includes the name lists of the districts under the ‘Very High' class rank and the list of the
dominant climatic variables and climate extreme events which are the consequences of higher
hazardous districts in the future.
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Figure 12: Hazard rank of projected change in climate extreme events

5.6 Climate hazard scenarios

The hazard rank of future scenarios has been further analysed separately for the sub-sectors
and then analysed for the overall scenario of the sector. For the analysis, the elements and
indicators of the hazards/disasters listed in Table 12 are grouped by sub-sector-wise relevancy,
which is listed in Table 17. As described before, the hazard rank scenarios due to historical
climate-induced hazards have been taken as the baseline for the future projections, and the
future scenarios of hazard rank have been considered by compositing the climate-induced
hazards with the future change scenarios of climatic variables and climate extreme events. The
climatic variables (change in precipitation and temperature), the six climate-induced hazards
(heavy rainfall, snowstorm, landslides, floods/flash floods, GLOFs, and avalanches), and loss
and damage due to climate-induced hazards (number of death and injured people, property
loss and number of the affected family) are common for both sub-sectors; water resources and
energy. Whereas all the eight climate extreme events (listed in Table 12) are considered for the
water resources sub-sector; however, only two climate extreme events (change in extreme
wet days and warm spell duration) are considered for the energy sub-sector.
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Table 17: Sub-sector wise hreakdown of hazard/disaster’s elements

|| WaterResources Energy |

Climatic Change in Precipitation (%)

Variables Change in Temperature (°C)

Climate Change in Extreme and Very Wet Days (%) Change in Extreme Wet Days (%)
Extreme Change in Number of Rainy Days (%) Change in Warm Spell Duration (%)
Events Change in Consecutive Wet and Dry Days (%)

Change in Warm Days and Nights (%)
Change in Warm Spell Duration (%)

Climate- Heavy Rainfall (Occurrences)
Induced Snow Storm (Occurrences and Snow Area)
Hazard Landslides (Occurrences and Prone Area)

Floods/Flash Floods (Occurrences and Prone Area)
GLOFs (Occurrences, Potential Danger and its Proximity)
Avalanche (Occurrences)

Loss and Number of people dead and injured people

Damage Property loss
Number of affected family

5.6.1 Climate hazards scenarios in water resources

Of the hazards and disaster elements listed in Table 17, the future impact on the water resources
sub-sector has been analyzed and the maps are presented in Figure 13, which include both
projected scenarios (RCP 4.5 and RCP 8.5) of the periods the 2030s and 2050s. Region-wise,
there are no specific locations where the impact of disasters will be more significant in the
future. However, the results of both projection scenarios for both future periods in the context
of water resources availability and its service areas show the comparatively less hazard-prone
area to be the hilly part of Province 1.

Govermment of Nepal 3| S
Ministry of Forests and Environment

Water Resources (RCP 4.5 2030)
Hazard Rank
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Figure 13: Hazard rank of future projection scenarios (water resources)
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The numbers of districts in the hazard rank classes of the water resources sub-sector are
presented in Table 18 separately for both projected scenarios and the periods. The table also
includes the names of the districts under the ‘Very High’ rank and the list of the dominants climatic
variables, climate extreme events, and climate-induced hazards which are the consequences of
higher hazardous districts in the future.

Table 18: Hazard rank due to change in CEEs (water resources)

| NumberofDistriets |
Hazard Rank . mepas | Reess | |
“mmm-

Very High (0.748 — 1.000) 13

High (0.496 — 0.747) 17 26 30 24
Moderate (0.287 — 0.495) 28 25 22 27
Low (0.154 — 0.286) 10 8 7 10
Very Low (0.000 — 0.153) 9 10 9 9
Projected
Scenarios

Chitawan, Dhanusha, Jhapa, Kaski, Mahottari, Morang,
RCP 4.5 Rautahat, Saptari, Sarlahi, Sindhupalchok, Siraha,
Solukhumbu, Taplejung

Banke, Chitawan, Gorkha, Kailali, Kaski, Rautahat,
Sarlahi, Sindhupalchok

RCP 85 Banke, Chitawan, Dang, Kailali, Kanchanpur, Kaski, Banke, Bardiya, Kailali, Kanchanpur, Kaski,
Mahottari, Rautahat, Sarlahi Mahottari, Sarlahi
Dominant Hazardous Climate-Induced Hazards and Climate Extreme Events
2030s 2050s
CEEs' Change in Consecutive Dry Days Change in Very Wet Days
RCP 4.5 ClHs? Snow Storm Area, Landslide Occurrences, Floods/  Landslide Occurrences, Floods/Flash Floods
Flash Floods, GLOFs, Number of People Death Prone Area, GLOFs, Number of People Death
. . . Change in Precipitation, Temperature, Extreme
CEEs [C):?/zge in Consecutive Wet Days, Number of Rainy Wet Days, Consecutive Wet Days, Number of Rainy
RCP 8.5 Days, Warm Nights
ClHs Floods/Flash Flood Prone Area, Number of Death Flood/Flash Floods Prone Area, GLOFs, Number of

and Injured People People Death

5.6.2 Climate hazards scenarios in energy

Of the elements of hazards and disasters in Table 17, the hazard rank of the energy sub-sector
has been conducted for the RCP 4.5 and RCP 8.5 scenarios in the period of 2030s and 2050s;
the district-wise maps are presented in Figure 14. Similar to the above table, Table 19 represents
the numbers of districts that fall under the five hazard rank classes in the stated projected
scenarios and periods of the Energy sub-sector. Also, the table includes a list of districts in the
‘Very High' rank class and elements of hazards and disasters which have dominants roles to
become comparatively hazardous districts in the future.

1 Climate extreme events
2 Climate-induced hazards
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Figure 14: Hazard rank of future projection scenarios (energy)

In the energy sub-sector, the major reasons behind the ‘Very High' rank of the districts; such as
Kaski and Sindhupalchok, are due to the existence of glacier lakes in the districts and due to the
number of GLOFs that have occurred in the past. The ‘Very High' rank of the districts in the Terai
is due to the occurrences of floods and losses/damage caused by climate-induced disasters.

Table 19: Hazard rank of future projection scenarios (energy)

_ Number of Districts
HozardRank | RCPAS | RCP 85

7

Very High (0.748 — 1.000) 13 6
High (0.496 — 0.747) 15 28 27 21
Moderate (0.287 - 0.495) 28 25 22 21
Low (0.154 — 0.286) 5 1 12 14
Very Low (0.000 — 0.153) 16 10 10 17
Projected Districts in ‘Very High’ Rank
RCP 45 Dhanu_sha_,Jhapa, Kaski, Mahottari, Morang, Rautahét, Sapt_ari, Banke,_ Dglpa, Gorkha, Kailali, Kaski,
Sarlahi, Sindhupalchok, Siraha, Solukhumbu, Sunsari, Taplejung Sarlahi, Sindhupalchok
RCP 8.5 Chitawan, Kaski, Mahottari, Parsa, Sarlahi, Sindhupalchok Kaski, Mahottari, Sarlahi, Sindhupalchok
Dominant Hazardous Climate-Induced Hazards and Climate Extreme Events
2030s 2050s
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CEEs
RCP 4.
CP45 ClHs
CEEs
RCP 8.5
ClHs

Change in Consecutive Dry Days

Snow Storm Area, Landslide Occurrences, Floods/Flash
Floods, GLOFs, Number of People Death

Change in Number of Rainy Days

Landslide Occurrences, Floods/Flash Floods Prone Area,

GLOFs, Number of People Death

Change in Very Wet Days

Landslide Occurrences, Floods/Flash
Floods Prone Area, GLOFs, Number of
People Death

Change in Precipitation, Temperature,
Extreme and Very Wet Days, Warm Nights
Landslide Occurrences, Floods/Flash
Floods Prone Area, GLOFs

5.6.3 Overall climate hazards scenarios in the sector

Similarly, the hazard rank results of the overall sector are included in Figure 15 and the number
of districts under hazards ranks classes are in Table 20. The table also includes the list of the
districts in the "Very High' hazard rank class and the dominant elements that are the reason for
the comparatively hazardous districts in the country.
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Figure 15: Overall hazard rank of future projection scenarios

In the water resources and energy sectors under the RCP 4.5 scenario, Province 1, Province 2,
Bagmati Province, and Gandaki Province will be comparatively affected than other provinces by
climate change based on the considered change in climatic variables, climate extreme events, and
historical records of climate-induced hazards in the 2030s; and the higher impact of climate change
will be shifted towards the west and the hills region of Province 1 will have comparatively less impact
in the 2050s. Likewise, the impact of climate change and climate-induced hazards throughout the
country under RCP 8.5 in the 2030s and 2050s will have a similar impact to RCP 4.5 in the 2050s.
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As described before, the analysis is based on the downscaled data of change in climatic variables
and climate extreme events at the district level and the composite results have shown that some
less hazard-prone districts in the 2030s will be more hazard-prone in the 2050s and vice versa. This
would be justifiable while comparing the overall hazard rank analysis (Figure 15) with the climate-
induced hazards analysis (Figure 11) and climate extreme events analysis (Figure 12). It is due to
the overall hazard risk scenarios in the sector, and the composite effect of associated hazards and
disasters that occurred in the past and the future scenarios of the climatic variables and climate
extreme events.

Table 20: Overall hazard rank due to change in climate extreme events

| NumberofDistricts |
Hazard Rank | Repas | RePas | |
“mmm-

Very High (0.748 — 1.000)

High (0.496 — 0.747) 16 24 31 24
Moderate (0.287 — 0.495) 27 26 19 23
Low (0.154 — 0.286) 9 8 10 13
Very Low (0.000 — 0.153) 12 10 10 10

Projected Districts in ‘Very High’ Rank
Scenarios

RCP45 Chitawan, Dhanusha, Jhapa, Kaski, Mahottari, Morang, Rautahat, Banke, Chitawan, Dolpa, Gorkha, Kailali, Kaski, Rautahat, Sarlahi,

Saptari, Sarlahi, Sindhupalchok, Siraha, Solukhumbu, Taplejung Sindhupalchok
RCP85  Chitawan, Kailali, Kaski, Mahottari, Parsa, Rautahat, Sarlahi Banke, Kailali Kanchanpur, Kaski, Mahottari, Sariahi,
Sindhupalchok
Dominant Hazardous Climate-Induced Hazards and Climate Extreme Events
2030s 2050s
CEEs Change in Consecutive Dry Days, Change in Very Wet Days
RCP 4.5 ClHs Snow Storm Area, Landslides Occurrences, Floods/Flash  Landslide Occurrences, Floods/Flash Floods Prone Area, GLOFs,
Floods, GLOFs, Number of People Death Number of People Death
Change in Precipitation, Temperature, Extreme and Very Wet
CEEs Change in Consecutive Wet Days, Number of Rainy Days Days, Consecutive Wet Days, Number of Rainy Days, Warm
RCP 8.5 Nights
ClHs Floods/Flash Floods Prone Area, GLOFs, Number of Landslide Occurrences, Flood/Flash Floods Prone Area, GLOFs,
People Death Number of Death People
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Chapter 6

Climate Change Exposure

The identified exposure indicators (Table 1) are primarily based on the Ministry
of Population and Environment Report (MOPE, 2017c), which is further
synthesized by reviewing other governmental reports and literature (the
details are mentioned in Annex 3) and validated through consultations with
TWGs and experts. There are 30 indicators altogether that have been adopted
as exposure indicators for the sector; among them, 18 are in Water Resources
and 12 are in Energy. The indicators have been grouped into 11 elements
(six in Water Resources and five in Energy). Water in the form of snow and
glaciers, water as flowing/running water, water as storage/reservoirs (pond,
lakes, and wetlands), irrigation systems and infrastructures, agricultural
lands and irrigations, and the beneficiaries of the water services have been
taken as elements of the water resources sub-sector. The hydropower
plants, transmission lines, distribution lines/feeder networks, beneficiaries
of alternative energy, and hydro as alternative energy have been taken as
elements of the Energy sub-sector. As described in the methodology section,
the actual value of the indicators is normalized at the beginning, which is then
consolidated to element-wise and sub-sector-wise based on the weightage
received from experts (Annex 3). The composite results of the exposure rank
at element, sub-sector, and sector are defined in the sections below.

6.1 Exposure ranks of the elements

Figure 16 represents the individual maps of the six elements of the Water
Resources sub-sector. The indicators related to water as snow and glaciers;
snow-covered area, the number and area of glaciers, and area of glacier lakes;
all exist in the middle and high mountain region of Nepal. Therefore, the
composite exposure rank map of the element ‘water as a snow and glaciers’
shows that the districts in those regions are highly exposed than the districts
in the hills and Terai [Figure 16 (a)]. Among the mountainous districts, the
highly exposed districts are Humla, Dolpa, Solukhumbu, and Taplejung.
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Figure 16(b) represents the exposure rank map of the element ‘water as flowing/running
water’, which includes the indicators: groundwater flow, net water yields (routed flow of the
district), total water availability at rivers, and the drainage length. \While analyzing the exposure
rank, a lower rank has been given to the higher water availability and larger drainage lengths
taking into consideration the issues of water security. While considering all the indicators of this
element; Jumla, Mustang, Manang, Arghakhanchi, Palpa, Parasi, Lalitpur, and Terhathum are
comparatively highly exposed than other districts in the context of water availability and usage
for water service areas.

Figure 16(c) represents the exposure rank map of element ‘water as storage/reservoirs’, which
includes the indicators: total area of lakes and wetlands that present in the districts. Based on
the existence of these indicators, the districts, Mugu, Kaski, and Sankhuwasabha are highly
exposed in comparison to other districts. Many districts have little to no coverage of lakes and
wetlands and fall under a very low rank in the exposure index.

Figure 16(d) represents the exposure rank map of the element ‘irrigation systems and
infrastructures’, which includes indicators, such as the number of the irrigation system in
operation, and the number and length of irrigation canals within the districts. These have been
taken as exposure units considering the number of losses and damage caused by climate-
induced hazards. Majorly, the districts in Terai have a higher chance of exposure due to the
presence of a larger number of irrigation systems and infrastructures. Comparatively, Dang,
Morang and Jhapa are at a higher exposure than other districts.
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Figure 16: Exposure ranks of the elements (water resources)

Figure 16(e) represents the exposure rank map of the element ‘agricultural lands and irrigation
management, which includes indicators such as the total area of agricultural lands, potential
irrigable area, and non-irrigated lands within the districts. These have been taken as exposure
units considering either the irrigation facilities of agricultural lands or the rain-fed systems, as
the climate change will adversely affect the agricultural production and their livelihoods due
to climate-induced hazards such as floods and droughts. The districts in the Terai, and hills
and middle mountain regions of Province 1, Bagmati Province, and Gandaki Province are
comparatively at higher exposure than other regions. For this element, Kapilbastu, Rupandehi,
Siraha, Saptari, Morang, and Jhapa are at higher exposure than other districts.

Figure 16(f) represents the exposure rank map of element ‘beneficiaries of water services,
which includes the total male and female population separately in the districts. The male and
female populations are separately analysed. The findings show that in districts where the higher
number of female populations are present, the exposure is higher. This is an integration of GESI
in this assessment through the consideration that females are more vulnerable than their male
counterparts. The average weightage received for the female is 0.506 and 0.494 for the male.
The most vulnerable districts will be where there is a higher number of female populations.
Therefore, most of the districts in Terai are at a higher exposure, with the inclusion of a non-
Terai district Kathmandu among the 77 districts of Nepal.
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Figure 17: Exposure ranks of the elements (energy)

Figure 17 represents a similar exposure rank map of the five elements of the Energy sub-sector. In
the element 'hydropower plants’ [Figure 17(a)], the number of hydropower plants and their installed
capacity has been taken as indicators. The hydropower plants that are currently in operation,
under construction (confirmed to be completed in the next few years), and under detailed survey
have been considered in the assessment. Considering the possible loss and damage due to
the changing climate and climate induced-hazards, the districts with the existence of a higher
number of hydropower plants and total installed capacity are highly exposed. The results show
that the districts of Mugu, Myagdi, Kaski, Lamjung, Gorkha, Rasuwa, Sindhupalchok, Dolakha,
Solukhumbu, Sankhuwasabha, and Taplejung are highly exposed compared to other districts.

Figure 17(b) represents the exposure rank map of the element “transmission lines" and Figure
17(c) represents the exposure rank map of the element 'distribution lines’ (feeder network).
Both elements include the total length of the electric line network and their capacity in kilovolts
(kV). These have also been considered by the impact of loss and damage due to the changing
climate and associated hazards. For the transmission lines, the higher exposure districts are
Rupandehi, Kathmandu, and Dhanusha in comparison to other districts. Similarly, for the
distribution lines, the higher exposure districts are Kailali, Dang, Rolpa, Pyuthan, Rupandehi,
Kaski, Chitawan, Kathmandu, Rautahat, Sarlahi, Morang, and Jhapa.

Figure 17(d) represents the exposure rank map of the element ‘beneficiary of alternative

energy, which includes indicators such as the number of households that depend on traditional
energy for cooking and renewable energy for cooking and lighting. Based on the statistics, a
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high number of households in the Terai region, and Bagmati Province and Gandaki Province are
using alternative energy for cooking and lighting in comparison to other regions in Nepal. Kailali,
Chitwan, Morang, and Jhapa are at high exposure in comparison to other districts

Figure 17(e) represents the exposure rank map of element ‘hydro as alternative energy, which
includes the indicators: number of pico/micro/mini hydropower plants and their total installed
capacity, and number of improved water-mills within the districts. Similar to other elements,
the loss and damage in the system of this element due to the changing climate and associated
disasters will put the districts at high exposure. Additionally, a higher number of pico/micro/
mini hydropower and water-mills in the districts will also put the districts at high exposure.
Therefore, the hills and both middle and high mountain regions of Province 1, and Bagmati
Province Province in the east; and hills and middle mountain regions of Gandaki Province,
Lumbini Province, Karnali Province, and Sudurpashchim Province in the west are comparatively
at high exposure. The highly exposed districts are Baglung, Dhading, Nuwakot, Makawanpur,
Sindhupalchok, Kavrepalanchok, Dolakha, Solukhumbu, and llam.

6.2 Exposure ranks of the sub-sectors

The composite rank of the six elements, described above and mentioned in Figure 16, is
the exposure rank for the water resources sub-sector. The composite exposure rank map is
presented in Figure 18. The composite exposure rank shows that the eastern Terai districts
of Province 1, Province 2, and Lumbini Province, and Mugu, Kaski, Kathmandu, and Dolakha are
comparatively at higher exposure than other districts for the water resources sub-sector. The
dominant elements that resulted in the higher exposure in Terai are the existence of higher
irrigation systems and infrastructures, agricultural lands and irrigation status, and the higher
number of people residing in the districts. In general, the mountainous districts are in moderate
to high rank of exposure due to the existence of water as snow, glaciers, and glacier lakes.
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Figure 18: Exposure rank of the water resources sub-sector
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Table 21: Exposure ranks of the water resources sub-sector

L

Very High . .
D h Kapil M R h
(0.660 — 1.000) ang, Jhapa, Kapilbastu, Morang, Rupandehi
:;i% _0659) Dhanusha, Kaski, Kathmandu, Mahottari, Mugu, Saptari, Sarlahi, Siraha, Solukhumbu, Sunsari
Moderate Baglung, Banke, Bara, Bhojpur, Chitawan, Dhading, Dolpa, Gorkha, Gulmi, Humla, llam, Kailali, Khotang,
Manang, Mustang, Palpa, Panchthar, Parasi, Parsa, Pyuthan, Rautahat, Sankhuwasabha, Syangja,
(0.310 — 0.476) .
Taplejung, Udayapur
Low Achham, Arghakhanchi, Baitadi, Bajhang, Bardiya, Dailekh, Dhankuta, Dolakha, Doti, Jumla, Kanchanpur,
(0174 - 0.309) Kavrepalanchok, Makawanpur, Nuwakot, Okhaldhunga, Ramechhap, Rolpa, Sindhuli, Sindhupalchok,

Surkhet, Tanahu, Terhathum

Very Low Bajura, Bhaktapur, Dadeldhura, Darchula, Eastern Rukum, Jajarkot, Kalikot, Lalitpur, Lamjung, Myagdi,
(0.000-0.173)  Nawalpur, Parbat, Rasuwa, Salyan, Western Rukum

Dominant Indicators for the Higher Exposure Ranks

Water availability as groundwater flow, net water yields, and total water at rivers; Drainage length; Area covered by lakes and
reservoirs; Number of irrigation canals; Total area of agricultural lands, potential irrigable lands, and non-irrigated agricultural
lands; Total number of the male and female population.

Table 21 represents the list of districts based on the exposure rank classes of the water
resources sub-sector. Among the 77 districts of Nepal, the exposure rank classes are as
follows - 5 districts are in ‘Very High’, 10 are in 'High’, 25 are in ‘Moderate’, 22 are in ‘Low’,
and 15 are in ‘'Very Low’. The table also includes the list of the indicators which play a
dominant role in the higher exposure of the districts due to higher magnitudes in comparison
to other districts. Most importantly, the assessment is based on current infrastructures
developed until 2019.

The exposure rank for the energy sub-sector is obtained from the composite result of the
five elements described in the above section and also mentioned in Figure 17. The obtained
exposure rank map is presented in Figure 19. The rank result shows that the districts in
Province 1, Province 2, Bagmati Province, and Gandaki Province are at higher exposure than the
western provinces. In general, the indicators of the elements—the existence of hydropower
plants, distribution/feeder networks of the electric lines, and hydro as alternative energy are
predominant in making the districts at higher exposure as an exposure rank. As described
before, these kinds of ranking processes are a composite effect of all the indicators (there
are 12 indicators for energy in this assessment) and the given weightage to them is in an
aggregating process.
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Figure 19: Exposure Rank of the Energy Sub-sector

Similar to the water resources sub-sector, the infrastructures in operations and under
construction can only be considered for this assessment of the energy sub-sector as exposure
units. Looking at the ranking, almost all districts of Karnali Province—eastern Rukum, Mustang,
and Manang, and the hills of Province 1, are at lower exposure in comparison to other districts.
This shows that these districts have fewer infrastructures for energy development, which
means that either the districts have comparatively few opportunities to develop the energy
sector, or they have little to no access to developed energy sources.

Table 22 represents the list of districts based on the exposure rank classes of the Energy sub-
sector. Among the 77 districts the exposure rank classes are as follows - 9 districts are in ‘Very
High', 14 are in 'High’, 22 are in '"Moderate’, 23 are in ‘Low’, and 9 are in 'Very Low’. The table
also includes the list of indicators that will predominantly influence the districts to become a
higher exposure in comparison to other districts.

Table 22: Exposure Ranks of the Energy Sub-sector

Exposure Rank |District . |

Very High Dhading, Gorkha, llam, Jhapa, Kaski, Kathmandu, Makawanpur, Sankhuwasabha, Sindhupalchok

(0.743 — 1.000)

High Baglung, Chitwan, Dang, Dhanusha, Dolakha, Kailali, Kavrepalanchok, Lamjung, Morang, Nuwakot,
(0.539-0.742)  Ramechhap, Rupandehi, Sarlahi, Solukhumbu

Moderate Baitadi, Bajhang, Banke, Bara, Bardiya, Darchula, Kanchanpur, Kapilbastu, Mahottari, Myagdi, Nawalpur,
(0.327-0.538)  Panchthar, Pyuthan, Rasuwa, Rautahat, Saptari, Sindhuli, Siraha, Sunsari, Surkhet, Tanahu, Taplejung

Low Achham, Arghakhanchi, Bhaktapur, Bhojpur, Dadeldhura, Dailekh, Doti, Gulmi, Jajarkot, Kalikot, Khotang, Lalitpur,
(0.140-0.326)  Mugu, Okhaldhunga, Palpa, Parasi, Parbat, Parsa, Rolpa, Syangja, Terhathum, Udayapur, Western Rukum

Very Low Bajura, Dhankuta, Dolpa, Eastern Rukum, Humla, Jumla, Manang, Mustang, Salyan

(0.000 - 0.139)

Dominant Indicators for the Higher Exposure Ranks

Several hydropower plants and their installed capacity; Length and capacity of both transmission and distribution lines;
Households dependency on sources of traditional energy for cooking; Number of improved water-mills.
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6.3 Overall exposure ranks of the sector

The overall exposure rank map of the sector has been obtained by compositing its two
sub-sectors — water resources and energy, presented in Figure 20. The overall exposure
rank shows that the Terai and Mountain districts of Province 1 are at 'High’ to ‘"Very High'
exposure rank, whereas the hills districts are ‘Moderate’ to ‘Low’ exposure rank while inter-
comparing between the 77 districts of Nepal. Similarly, the districts in Province 2 are at
'Moderate’ to 'Very High' exposure rank. In Bagmati Province, the districts are at 'Very Low’
to ‘Very High' exposure rank; where Bhaktapur is at ‘"Very Low" and Gorkha, Kathmandu and
Sindhupalchok are at ‘Very High' exposure rank. Similarly, in Gandaki Province, the districts
are also at "Very Low' to ‘Very High' exposure; where Manang is at ‘Very Low' and Kaski and
Gorkha are at ‘Very High' exposure rank. The districts of Lumbini Province are also at ‘Very
Low’ to ‘Very High' exposure; where Eastern Rukum is at ‘Very Low' and Dang, Kapilbastu
and Rupandehi are at ‘Very High’ exposure rank. The districts of Karnali Province are at ‘Very
Low’ to '‘Moderate’ exposure rank and the districts of Sudurpashchim Province are at ‘Very
Low' to ‘High’ exposure rank in the inter-comparison among 77 districts of Nepal. In general,
the eastern part is comparatively at higher exposure than the western part of Nepal, except
for western areas in the Terai region.

Looking at the overall exposure rank, Karnali Province and Sudurpashchim Province are
at lower exposures when inter-comparing with other provinces. As described before in
the sub-sector sections, this is due to the existence of water services and energy-related
infrastructure, which represents the presence of lesser development infrastructure in these
provinces in comparison to other provinces. Overall the composite exposure rank, the
dominant indicators to obtain the higher exposure rank are mentioned in Table 23, which are
identical with the dominant indicators for the sub-sectors mentioned in Table 21 and Table
22. The mountainous districts, such as Gorkha and Solukhumbu, are highly exposed due
to the presence of additional exposure indicators related to glaciers. Similarly, Kathmandu
district is at high exposure due to the highest population and hydro-electric transmission
lines; Sankhuwasabha is at exposure due to the presence of maximum wetlands area and the
maximum installed capacity of hydropower plants; Dang, Jhapa, and Morang are at exposure
due to the presence of a higher number of irrigation systems and canals, and agricultural
lands, and so on.
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Figure 20: Overall exposure rank of the sector

Table 23: Overall exposure ranks of the sector

Exposure Rank | Disttict __ |

Very High
(0.649 — 1.000)
High

(0.444 — 0.648)
Moderate
(0.276 — 0.443)
Low

(0.157 — 0.275)
Very Low
(0.000 — 0.156)
Dominant Indi

Area of Glaciers; Water availability as groundwater flow, net water yields, and total water at rivers; Drainage length; Number
of irrigation canal; Total area of agricultural lands, potential irrigable lands, and non-irrigated agricultural lands; Total number
of the male and female population; Number of hydropower plants; Length and capacity of both transmission and distribution

Dang, Dhading, Dhanusha, Gorkha, llam, Jhapa, Kapilbastu, Kaski, Kathmandu, Morang, Rupandehi,

Sankhuwasabha, Sindhupalchok, Solukhumbu
Baglung, Banke, Chitwan, Dolakha, Kailali, Kavrepalanchok, Lamjung, Mahottari,

Makawanpur, Nuwakot, Ramechhap, Rautahat, Saptari, Sarlahi, Siraha, Sunsari, Tanahu, Taplejung
Baitadi, Bajhang, Bara, Bardiya, Bhojpur, Gulmi, Kanchanpur, Khotang, Mugu, Myagdi, Palpa, Panchthar,

Parasi, Parsa, Pyuthan, Rolpa, Sindhuli, Surkhet, Syangja

Achham, Arghakhanchi, Dadeldhura, Dailekh, Darchula, Dhankuta, Dolpa, Doti, Humla, Jajarkot, Kalikot,

Lalitpur, Mustang, Nawalpur, Okhaldhunga, Parbat, Rasuwa, Terhathum, Udayapur
Bajura, Bhaktapur, Eastern Rukum, Jumla, Manang, Salyan, Western Rukum

cators for the Higher Exposure Ranks

lines; Households dependency on sources of traditional energy for cooking.

Overall, 14 districts are at ‘Very High’, 18 are at ‘High’, 19 are at ‘'Moderate’, 19 are at ‘Low’ and
7 are at 'Very Low’ exposure rank classes (Table 23).
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Chapter 7

Observed Climate Change
Vulnerability

As explained before, the vulnerability of climate change is a function of
sensitivity and adaptive capacity. The sensitivity, adaptive capacity, and
vulnerability ranks are separately explained below in detail by elements, sub-
sectors, and sector-wise.

7.1 Sensitivity ranks and indexes

Overall, 35 indicators (Table 2) have been considered for the sensitivity
component,among the 35, the water resources sub-sector has 28 indicators
under the eight elements and the energy sub-sector has seven indicators
under the five elements. The eight elements of the water resources sub-sector
are water as snow and glaciers, water as flowing/running water, water as
storage/reservoirs, catchment characteristics, dependency on drinking water
sources, water demand and supply status, irrigation system and operations,
and GESI status [Table 2(a)]. The five elements of the energy sector are the
type of hydropower plants, the operational status of hydro plants, ownership
types of hydro plants, dependency on alternative energy, and biomass supply
and demand status [Table 2(b)]. There is only a single indicator under some
elements. The indicators are primarily based on the report of the Ministry of
Population and Environment (MoPE, 2017b) and further refined based on the
literature review and the nature of available data.

7.1.1 Sensitivity ranks of the elements

The sensitivity rank maps of the elements of the water resources and energy
sub-sectors are presented in Figure 21 and Figure 22. These element-wise
sensitivity ranks have been obtained by composing the respective indicators
(Table 2) of the elements and respective weightage received from the expert
survey (refer to Annex 3 for the weightage of individual indicators, elements,
and sub-sectors).
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Figure 21(a) represents the water resources sub-sector sensitivity rank map of the element
‘water as snow and glaciers’, which includes an indicator related to the trend of change in snow-
covered areas. The degree of sensitivity is measured according to the status of the snow areas
either in decreasing or in increasing trends. Similar trend information of glaciers and glaciers
lakes were also planned to be included in the beginning, however, this was not possible due
to the unavailability of the respective data, which is also considered to be a limitation of this
assessment. Among the 77 districts of Nepal, only 24 districts have snow-covered areas with
analyzed trends. The remaining 53 districts are not applicable for these indicators, subsequently
these districts are to be categorized as ‘Very Low’ insensitivity. According to data from 2001
to 2019, the snow-covered areas of Darchula, Bajhang, Humla, and Mugu districts are in a
decreasing trend in comparison to the 24 districts with snow-covered areas. The snow, ice, and
glaciers in the mountains of Nepal are freshwater storage that feeds the rivers of Nepal, and the
decreasing trends in their coverage will lead to a water security issue in the future. Therefore,
the districts and regions, the existence of higher decreasing trends of snow and ice-covered
areas are more sensitive to the water-related socio-economic development.

Figure 21(b) represents the water resources sub-sector sensitivity rank map of the element
‘water as flowing/running water’, which includes the indicators of the trend of change in water
balance parameters such as groundwater flow, net water yields, and total water at rivers;
and drainage density. The trends of change in groundwater parameters have been analysed
through the hydrological model data used in the Irrigation Master Plan 2019, in which trends
are analysed considering the change in the parameter in the future, concerning the present
scenario. In the analysis, the decreasing trends in water balance parameters and the existence
of lesser drainage density have been considered as a higher risk in terms of water security of
the districts in the future. According to these considerations and respective data analysis, Kaski
and Nuwakot districts are at a 'Very Low’ sensitivity rank in comparison to other districts. In
general, most of the districts, except for a few hill districts of Province 1, Bagmati Province, and
Gandaki Province, are comparatively lower in the sensitivity rank.

Figure 21(c) represents the water resources sub-sector sensitivity rank map of the element
‘water as storage/reservoirs’. This element includes the indicators such as trends of change
in lakes and wetland areas. Among the 77 districts, both lakes and wetlands are present in 17
districts. Dolpa, Gorkha, Kaski, Manang, Mugu, Mustang, Myagdi, Sankhuwasabha, Saptari,
Solukhumbu, Sunsari, and Taplejung is the common district for the existence of both lakes
and wetlands. While, Baitadi, Humla, Jumla, Rasuwa, and Udayapur districts only have lakes,
Chitwan, Kanchanpur, Kapilbastu, Nawalpur, and Sindhupalchok districts only have wetlands.
Most of these districts are from high and middle mountain regions and few are from the Terai
region. The trends of change in these parameters analysis have been conducted with the data
from 2001 to 2019. For this assessment, the remaining 55 districts are considered to be not
applicable for these parameters and taken as ‘Very Low’ sensitivity rank. Comparatively, the
higher sensitivity rank districts are Mugu, Solukhumbu, and Sankhuwasabha.

Figure 21(d) represents the water resources sub-sector sensitivity rank map of the element
‘catchment characteristics’, which includes the indicators—slopes of the topography, soil class
based on texture and covered area, and trend of change in land use land cover area. In this
analysis, the higher slope of topography is considered highly sensitive because of the high
possibility of occurrences related to water-induced disasters such as landslides and floods
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due to high surface runoff. Similarly, the high sensitivity in soil texture of the top layer is
considered based on high hydraulic conductivity, which leads to high interflow and few chances
of groundwater recharge. Soil types based on the texture that has been considered in this
assessment are loamy, loamy-skeletal, loamy-boulder, fragmental-sandy, river-bed, and snow-
covered. Likewise, the decreasing trends of change in agricultural land and forests coverage;
and the increasing trends of change in a barren land, grasslands, and savannas have been taken
as highly sensitive due to their adverse effect on hydrological retention. Comparatively, the
districts of the Terai and Siwalik regions, as well as, Mustang and Solukhumbu districts are at
a lesser sensitivity rank.

Figure 21(e) represents the water resources sub-sector sensitivity rank map of the element
‘water as flowing/running water’, which includes the indicators of the trend of change in water
balance parameters such as groundwater flow, net water yields, and total water at rivers;
and drainage density. The trends of change in groundwater parameters have been analyzed
through the hydrological model data used in the Irrigation Master Plan 2019, in which trends
are analyzed considering the change in the parameter in the future, concerning the present
scenario. In the analysis, the decreasing trends in water balance parameters and the existence
of lesser drainage density have been considered as a higher risk in terms of water security of
the districts in the future. According to these considerations and respective data analysis, Kaski
and Nuwakot districts are at a 'Very Low’ sensitivity rank in comparison to other districts. In
general, most of the districts, except for a few hill districts of Province 1, Bagmati Province, and
Gandaki Province, are comparatively lower in the sensitivity rank.

Figure 21(c) represents the water resources sub-sector sensitivity rank map of the element
‘water as storage/reservoirs’. This element includes the indicators such as trends of change
in lakes and wetland areas. Among the 77 districts, both lakes and wetlands are present in 17
districts. Dolpa, Gorkha, Kaski, Manang, Mugu, Mustang, Myagdi, Sankhuwasabha, Saptari,
Solukhumbu, Sunsari, and Taplejung is the common district for the existence of both lakes
and wetlands. While, Baitadi, Humla, Jumla, Rasuwa, and Udayapur districts only have lakes,
Chitwan, Kanchanpur, Kapilbastu, Nawalpur, and Sindhupalchok districts only have wetlands.
Most of these districts are from high and middle mountain regions and few are from the Terai
region. The trends of change in these parameters analysis have been conducted with the data
from 2001 to 2019. For this assessment, the remaining 55 districts are considered to be not
applicable for these parameters and taken as ‘Very Low’ sensitivity rank. Comparatively, the
higher sensitivity rank districts are Mugu, Solukhumbu, and Sankhuwasabha.

Figure 21(d) represents the water resources sub-sector sensitivity rank map of the element
‘catchment characteristics’, which includes the indicators—slopes of the topography, soil class
based on texture and covered area, and trend of change in land use land cover area. In this
analysis, the higher slope of topography is considered highly sensitive because of the high
possibility of occurrences related to water-induced disasters such as landslides and floods
due to high surface runoff. Similarly, the high sensitivity in soil texture of the top layer is
considered based on high hydraulic conductivity, which leads to high interflow and few chances
of groundwater recharge. Soil types based on the texture that has been considered in this
assessment are loamy, loamy-skeletal, loamy-boulder, fragmental-sandy, river-bed, and snow-
covered. Likewise, the decreasing trends of change in agricultural land and forests coverage;
and the increasing trends of change in barren land, grasslands, and savannas have been taken
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as highly sensitive due to their adverse effect on hydrological retention. Comparatively, the
districts of the Terai and Siwalik regions, as well as, Mustang and Solukhumbu districts are at
a lesser sensitivity rank.

Figure 21(e) represents the water resources sub-sector sensitivity rank map of the element
‘dependency on drinking water sources, which includes the number of households who
have access to drinking water from the tap/piped water, tube well/hand pump, covered and
uncovered well/kuwa, spout water and rivers/streams sources. The degree of sensitivity is
determined based on access to safe drinking water. For this assessment, the water from the
tap/piped water, tube well/hand pump, and covered well/kuwa have been taken as safe water
and the water from uncovered well/kuwa, spout water, and rivers/streams sources have been
taken as unsafe water to drink. Comparatively, the districts of the western region, particularly
that of Karnali Province and Sudurpashchim Province as well as Sindhuli district is at a higher
sensitive rank.

Figure 21(f) represents the water resources sub-sectors sensitivity rank map of the element
‘water supply and demand status’, which includes both drinking water and irrigation water
requirement and supply. The districts with a higher demand deficit have been taken as high
sensitive districts in terms of meeting the consumptive demand from the available water in
the districts. This demand and supply status is completely reliant on the population size for
the drinking water and the agricultural land size for the irrigation water demand concerning
total water availability for consumptive use. According to this assessment, the higher sensitive
districts are from the Terai, Siwalik, and Hills regions of Province 1, and Lumbini Province;
Kathmandu Valley; and Province 2. In general, the Terai to Hills regions is sensitive to water
security and scarcity status.

Figure 21(g) represents the water resources sub-sectors sensitivity rank map of the element
‘irrigation systems and operations, which includes parameters—age of operational irrigation
schemes, type of water sources used for irrigation (perennial, pond/lake, and local stream),
functional status of irrigations systems (operational, under construction and defunct) and sizes
of irrigation scheme (major, large, medium and small). The districts which have a higher number
of older irrigation schemes, irrigation systems from local streams, under construction and
defunct irrigation schemes, and irrigation schemes by size, have been taken as highly sensitive
in this assessment. In general, the eastern Terai districts are highly sensitive, which includes
Achham, Baglung, Arghakhanchi, Rasuwa, Lalitpur, Dhanusha, Solukhumbu, and Okhaldhunga
districts are at high sensitivity; and Baitadi, Parbat, and Kaski districts are less sensitive.

Figure 21(f) represents the water resources sub-sectors sensitivity rank map of the element
‘water supply and demand status’, which includes both drinking water and irrigation water
requirement and supply. The districts with a higher demand deficit have been taken as high
sensitive districts in terms of meeting the consumptive demand from the available water in
the districts. This demand and supply status is completely reliant on the population size for
the drinking water and the agricultural land size for the irrigation water demand concerning
total water availability for consumptive use. According to this assessment, the higher sensitive
districts are from the Terai, Siwalik, and Hills regions of Province 1, and Lumbini Province;
Kathmandu Valley; and Province 2. In general, the Terai to Hills regions is sensitive to water
security and scarcity status.
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Figure 21(g) represents the water resources sub-sectors sensitivity rank map of the element
‘irrigation systems and operations, which includes parameters—age of operational irrigation
schemes, type of water sources used for irrigation (perennial, pond/lake, and local stream),
functional status of irrigations systems (operational, under construction and defunct) and sizes
of irrigation scheme (major, large, medium and small). The districts which have a higher number
of older irrigation schemes, irrigation systems from local streams, under construction and
defunct irrigation schemes, and irrigation schemes by size, have been taken as highly sensitive
in this assessment. In general, the eastern Terai districts are highly sensitive, which includes
Achham, Baglung, Arghakhanchi, Rasuwa, Lalitpur, Dhanusha, Solukhumbu, and Okhaldhunga
districts are at high sensitivity; and Baitadi, Parbat, and Kaski districts are less sensitive.

Figure 21(h) represents the water resources sub-sectors sensitivity rank map of the element
‘GESI status’, which includes sensitivity indicators — sex ratio (male by female), the trend of
population growth, male and female number of people with disability (PWD), number of female-
headed households, number of children population (boys and girls), number of senior citizens
(male and female), Dalit population (male and female) and Janajati population (male and female).
The districts where the existence of higher concentration of women, children, girls, number
of PWD, senior citizens, and ethnic groups; have been taken as higher sensitive districts. By
the composition of these indicators, Dadeldhura, Doti, Achham, Bajura, Eastern Rukum, Rolpa,
Pyuthan, Baglung, Myagdi, Parbat, Gulmi, Arghakhanchi, Palpa, Nawalpur, Lamjung, Gorkha,
and Dolakha districts are highly sensitive in comparison to other districts.

Figure 22(a) represents the energy sub-sectors sensitivity rank map of the element’s number
and type of hydropower plants by capacity (mini, small, and medium) and by water conveyance
systems (Run-Of-River (ROR) and Peaking Run-Of-River (P-ROR))’. The mega and storage
type of hydropower have not been taken into this assessment, as the mega and storage type
hydropower plants are designed for peaking with storage capacity and rely on larger river
systems - thus found little sensitive. However, the mini, small and medium hydropower plants
are ROR and PROR types, many of them rely on tributaries from major river systems and are
sensitive to the changing climate. Among the 77 districts of Nepal, 52 districts have hydropower
in operation, under construction or survey. The remaining 25 districts are not applicable for this
analysis and are found to be very less sensitive.

Figure 22(b) represents the energy sub-sectors sensitivity rank map of the element ‘operational
status of hydropower plants (under construction and survey)'. The operational hydropower
plants are considered as very less sensitive as they have been in operation for many years, have
already generated the required revenue, and are well-functioning as designed. The hydropower
plants that are under construction or survey are still not in operation and will take a few more
years to operate. There is an enormous amount of investment in the hydropower plants that
are under construction and survey thus these have been taken as more sensitive due to climate
change and associated disasters.

Figure 22(c) represents the energy sub-sectors sensitivity rank map of the element ‘ownership
types of the hydropower plants’ (government and private sector). The governmental institutions
that own the hydropower projects are large and well set up. Therefore, the government can
have multiple back-ups in terms of financial leverage in case some of the hydropower projects
are not able to function as well or result in their operations being halted by climate change
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and its associated disasters. In case of similar incidents, the private sector will have fewer
coping mechanisms as most private sectors only own single hydropower, with limited financial
leverage - thus, private sectors are more sensitive than governmental institutions.
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Figure 22: Sensitivity of the elements (energy)

Figure 22(d) represents the energy sub-sectors sensitivity rank map of the element’s dependency
on alternative energy, which includes the number of households dependent on wood/firewood
for cooking and pico/micro/mini hydropower plants for lighting. These indicators are based on the
sources of alternative energy for cooking and lighting. The excessive use of firewood will create
high chances of deforestation and the loss of forest will also impact the daily household activities

Sectoral Report: Water Resources and Energy | .
[ ]

O

@

o c‘

oy
e o O e\



that rely on firewood for cooking. Likewise, the pico/micro/mini hydropower is dependent on the
local stream, which will highly affect by the change in a small amount of water availability and
have chances to destroy completely by single events of climate-induced disasters. Therefore,
the higher numbers of households in the districts who depend on the firewoods for cooking and
these hydropower plants for lighting are taken as more sensitive districts for this assessment.
In general, the western Terai, Bagmati Province, and Gandaki Province, and some districts of
Province 1 and Lumbini Province. Interestingly, Karnali Province and Hills and Mountain regions
of Sudurpashchim Province are less sensitive for the analysis of this element. It is because very
few households of this region are depended on pico/micro/mini hydropower plants for lighting.

Figure 22(e) represents the energy sub-sectors sensitivity rank map of the element ‘biomass
supply and demand status’, which includes surplus and deficit status of biomass to consume
at households as a source of alternative energy for cooking. Higher deficit or fewer surpluses
has been taken as highly sensitive in this assessment. The biomass availability is based on
the forest coverage and biomass demand of the population. Therefore, the districts which
have a high concentration of people are more sensitive in comparison to other districts.

1.1.2 Sensitivity ranks of the sub-sectors

Figure 23 represents the sensitivity rank map of the water resources sub-sector, which has been
obtained by compositing the eight elements mentioned in Table 2 and Figure 21, considering
the relevant weightage of elements listed in Annex 3. The composite rank result shows that
the western part of Nepal (excluding some Terai districts) and the eastern mountainous region
are more sensitive in comparison to other districts. The dominant elements for the higher
sensitivity rank of the water resources sub-sector are water as flowing/running water [Figure 21
(b)], catchment characteristics [Figure 21 (d)], dependency on sources of drinking water [Figure
21 (e)]. and GESI status [Figure 21 (h)] amona the eight elements.

Government of Nepal
Ministry of Forests and Environment

Water Resources
Sensitivity Rank

. Very Low
| Low
27 Moderate
I High
B Very High
— Local level boundary
— District boundary
— Physiographic boundary [ ] | ]
26 0 50 100 150 200 250 km

Province boundary

= International boundary

80 81 82 83 84 85 86 87 88

Figure 23: Sensitivity rank of the water resources sub-sector
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Table 24 represents the list of districts based on the sensitivity rank classes for the water
resources sub-sector and the list of the dominant indicators which are more prevalent to make
districts high sensitive. There are 11 districts at ‘Very High', 23 districts at ‘High’, 12 districts
at ‘Moderate’, 16 districts at 'Low’, and 15 districts at ‘Very Low’ sensitivity rank in the water
resources sub-sector.

Table 24: Sensitivity ranks of the water resources sub-sector

Sensitivity Rank ___| District |

Very High Arghakhanchi, Bajhang, Dolpa, Gorkha, Humla, Jajarkot, Jumla, Mugu, Myagdi, Sankhuwasabha,
(0.497 — 1.000) Solukhumbu

Achham, Baglung, Bajura, Dailekh, Darchula, Dolakha, Doti, Eastern Rukum, Gulmi, Kalikot, Kapilbastu,
Lamjung, Mustang, Okhaldhunga, Panchthar, Pyuthan, Ramechhap, Rasuwa, Rolpa, Sindhupalchok,
Sunsari, Terhathum, Western Rukum

High
(0.312 — 0.496)

Moderate Bhojpur, Dadeldhura, Dhading, Dhanusha, llam, Khotang, Mahottari, Manang, Palpa, Salyan, Surkhet,
(0.211-0.311) Udayapur

Low Baitadi, Bara, Bhaktapur, Chitwan, Dang, Dhankuta, Kaski, Lalitpur, Makawanpur, Morang, Parbat,
(0.127 - 0.210) Rupandehi, Saptari, Sindhuli, Syangja, Taplejung

Very Low Banke, Bardiya, Jhapa, Kailali, Kanchanpur, Kathmandu, Kavrepalanchok, Nawalpur, Nuwakot, Parasi,
(0.000 - 0.126) Parsa, Rautahat, Sarlahi, Siraha, Tanahu

Dominant Indicators for the Higher Sensitivity Ranks

The trend of change in groundwater flow, net water yields and total water availability; Drainage density; Average slope of the
topography; Area of loamy and loamy-boulder soils; Area of the lakes, river bed and snow cover; Trend of change in barren
lands, forests and savannas; Households depend on tube well/hand pump and covered well/kuwa; Drinking water demand and
supply status; Average age of irrigation systems; Irrigation water used from pond/lake; Sex ratio (male by 100 female); People
with disability (male and female); Children population (boys and girls); Dalit population (Male)

Figure 24 represents the sensitivity rank map of the energy sub-sector, which has been
obtained by the composition of the five elements of the energy sub-sector mentioned in
Table 2 and Figure 22. In the composition, the weightage of elements considered was
received from the expert survey (Annex 3). The composite result shows that all Terai and
Siwalik districts except Kailali, Nawalpur, Chitwan, and Morang are at a lower sensitivity
in comparison to other districts of Nepal. The districts in Gandaki Province and Bagmati
Province, and Baitadi, Western Rukum, and Okhaldhunga are highly sensitive. The dominant
elements for the higher sensitivity are the type of hydropower plants [Figure 22 (a)], the
operational status of hydropower plants [Figure 22 (b)], and the ownership type of the
hydropower plants [Figure 22 (c)].
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Figure 24: Sensitivity rank of the energy sub-sector

Table 25: Sensitivity ranks of the energy sub-sector

Sensitivity Rank __|Distict

Very High
(0.873 — 1.000)
High

(0.718 — 0.872)
Moderate
(0.587 —0.717)
Low

(0.312 — 0.586)

Very Low
(0.000-0.311)

Arghakhanchi, Baglung, Baitadi, Chitwan, Dhading, Dolakha, Gulmi, Kailali, Kavrepalanchok, Morang,
Nawalpur, Okhaldhunga, Parbat, Sindhupalchok, Western Rukum

Bajura, Bhojpur, Dailekh, Darchula, Gorkha, llam, Jumla, Kaski, Lalitpur, Lamjung, Myagdi, Nuwakot,
Palpa, Pyuthan, Ramechhap, Solukhumbu, Tanahu

Bajhang, Dolpa, Eastern Rukum, Humla, Manang, Mustang, Panchthar, Rasuwa, Surkhet, Syangja,
Taplejung, Terhathum

Doti, Jajarkot, Kalikot, Khotang, Makawanpur, Mugu, Parasi, Rolpa, Sankhuwasabha

Achham, Banke, Bara, Bardiya, Bhaktapur, Dadeldhura, Dang, Dhankuta, Dhanusha, Jhapa,
Kanchanpur, Kapilbastu, Kathmandu, Mahottari, Parsa, Rautahat, Rupandehi, Salyan, Saptari, Sarlahi,
Sindhuli, Siraha, Sunsari, Udayapur

Dominant Indicators for the Higher Sensitivity Ranks
Number of ROR hydropower plants; Number of under construction and survey hydropower plants; Number of hydropower
plants owned by the private sector; Number of households depend on wood/firewood for cooking

Table 25 represents the list of districts based on the sensitivity rank classes for the energy
sector and dominant indicators which are more prevalent to make districts highly sensitive. In
the energy sub-sector, there are 15 districts at ‘Very High', 17 districts at ‘High', 12 districts at
‘Moderate’, 9 districts at 'Low’, and 24 districts at "Very Low' sensitivity rank.
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7.1.3 Overall sensitivity ranks of the sector

The overall sensitivity rank of the sector (Figure 26) has been obtained by compositing the
sub-sectors ranks presented in Figure 23 and Figure 24. The composition is based on the
weightage of sub-sectors received from the expert survey, which can be found in Annex 3.
The sensitivity rank sub-sectors have been well reflected in the overall sensitivity rank. The
sensitivity rank result shows that all the districts of Terai and Siwalik, except Kailali and Morang,
are comparatively at a lower sensitivity to climate change. The districts in the hills of Gandaki
Province and Lumbini Province, and Baitadi, Dailekh, Kavrepalanchok, and Okhaldhunga are
comparatively high sensitive. Similarly, most of the districts in the middle and high mountains
are also comparatively high in sensitivity to climate change.
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Figure 25: District wise overall sensitivity rank of the sector

Table 26 represents the list of districts according to the overall sensitivity rank of the sector,
in which 17 districts are at 'Very High', 13 districts are at ‘High', 15 districts are at ‘Moderate’,
8 districts are at ‘Low’ and 24 districts are at 'Very Low’. The table also includes the list of
indicators, which predominantly affect the districts to become a higher sensitivity rank. These
indicators are identical with the indicators mentioned in the sub-sectors sections above;
however, it is dependent on the class break values of sub-sectors and sectors.
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Table 26: Overall sensitivity rank of the sector

Very High Arghakhanchi, Baglung, Baitadi, Bajura, Dailekh, Dhading, Dolakha, Gorkha, Gulmi, Jumla, Kailali, Morang,
(0.825 —1.000) Myagdi, Okhaldhunga, Sindhupalchok, Solukhumbu, Western Rukum

High Bajhang, Bhojpur, Chitwan, Darchula, Dolpa, Humla, Kavrepalanchok, Lamjung, Nawalpur, Palpa, Parbat,
(0.699 — 0.824) Pyuthan, Ramechhap

Moderate Eastern Rukum, Ilam, Jajarkot, Kaski, Lalitpur, Manang, Mugu, Mustang, Nuwakot, Panchthar, Rasuwa,
(0.551 —0.698) Sankhuwasabha, Tanahu, Taplejung, Terhathum

Low

(0.262 — 0.550) Doti, Kalikot, Khotang, Makawanpur, Parasi, Rolpa, Surkhet, Syangja

Achham, Banke, Bara, Bardiya, Bhaktapur, Dadeldhura, Dang, Dhankuta, Dhanusha, Jhapa, Kanchanpur,
Kapilbastu, Kathmandu, Mahottari, Parsa, Rautahat, Rupandehi, Salyan, Saptari, Sarlahi, Sindhuli, Siraha,
Sunsari, Udayapur

Very Low
(0.000 - 0.261)

Dominant Indicators for the Higher Sensitivity Ranks

The trend of change in groundwater flow and net water yields; Drainage density; Average slope of the topography; Area

of loamy soils; Area of the lakes, river bed and snow cover; Trend of change in barren lands; Households depend on tube
well/hand pump and covered well/kuwa; Drinking water demand and supply status; Irrigation water used from pond/lake;
Sex ratio (male by 100 female); Children population (boys and girls); Number of hydropower plants by capacity and by water
conveyance systems; Number of under construction and under survey hydropower plants; Number of hydropower plants
owned by the private sector; Number of households depend on wood/firewood for cooking

Besides, the analysis of the watershed and sub river basin data shows that the sensitivity is higher
in the mid-hills and mountainous regions of Nepal. In watersheds, the sensitivity is higher in
Bagmati Province, Gandaki Province, Lumbini Province, Karnali Province, and Sudurpaschim
Province (Figure 26 a). Besides, except Province 2 and Sudurpaschim Province, all other Provinces
have a higher sensitivity to climatic stressors in the sub-basin level assessment (Figure 26 b).
Since the majority of the hydropower plants are constructed in these provinces, the future risk of
climate change will be higher.
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Figure 26: Sensitivity Rank of the a) Watershed, b) Sub-river basin

1.2 Adaptive capacity ranks and indexes

There are 20 indicators for the adaptive capacity ranking, which mainly focuses on the
existing practices and knowledge that are relevant to the technology; prevention, protection,
and conservation practices in disaster risk reduction; water conservation and water services
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management practices; diversity in energy used and electrification status; adoption of solar
technology and economic status of households. Among the 20 indicators of adaptive capacity,
15 are for the water resources and five are for the energy sub-sector (Table 3). These indicators
have been grouped into five elements in water resources and three elements in the energy sub-
sector. The five elements of the water resources sub-sector are water recharge, retention, and
reuse interventions; disaster prevention measures; conservation plans and investments; water
conservation plans; and systems management of water services. Likewise, the three elements
of the energy sub-sector are the operation status of hydro plants; access to alternative energy
technology; and household income. The adaptive capacity rank maps of the elements can be
found in Figure 27 and Figure 28 for the water resources and energy sub-sectors, respectively.

1.2.1 Adaptive capacity ranks of the elements

The adaptive capacity rank maps of the elements of water resources and energy sub-sector
presented in Figure 27 and Figure 28 have been obtained by compositing respective indicators
of the elements (Table 3) based on the weights received from the expert survey (refer to Annex
3 for the weightage of individual indicators, elements, and sub-sectors).

Figure 27 (a) represents the water resources sub-sector adaptive capacity rank of the element
‘water recharge, retention and reuse direct or indirect interventions’, which includes the trends
of change in reforestation/afforestation to conserve water and trends of change in terrace
farming for water retention, in this assessment. The decreasing trends of these indicators show
a lower adaptive capacity of respective districts. In general, the districts in Karnali Province and
Sudurpashchim Province, and Palpa, Gorkha, Dhading, and Okhaldhunga have lower adaptive
capacity than other districts.

Figure 27 (b) represents the water resources sub-sectors adaptive capacity rank of the element
— disaster preventions measures; such as draining of glacier lakes and monitoring plan, and
access to climate information. The existence of a higher number of stations to monitor glaciers
and measure climatic data in the districts are taken as the higher adaptive capacity of the
respective districts. According to such status of having monitoring; Banke, Mustang, Myagdi,
Kaski, Kathmandu, Makawanpur, Bara, Sindhupalchok, Kavrepalanchok, and Dhankuta districts
have the high adaptive capacity, and remaining all other districts have the less adaptive capacity.
Figure 27 (c) represents the water resources sub-sector adaptive capacity rank of the element
‘conservation plans and investments’, which includes the number of wetland conservation
initiatives, the management of conservation pond and reservoir, and allocation of environment/
climate change relevant budget by the local government. The districts with a higher number
of provisions for conservation and management plans have a higher adaptive capacity in the
respective districts. In this assessment, Achham, Pyuthan, Kaski, Gorkha, Kathmandu, Dolakha,
Sarlahi, and Dhanusha districts have a higher adaptive capacity.

Figure 27 (d) represents the water resources sub-sector adaptive capacity rank of the element ‘water
conservation practices, which includes water usage potential such as total usable water for irrigation
and drinking water, and the number of bio-engineering practices. Similar to above, the presence of
higher numbers of water conservation practices in districts has a higher adaptive capacity. In this
assessment, the districts in western hills and Terai, in hills and Siwalik region of Gandaki Province, and
some districts of Province 2 and Bagmati Province have the higher adaptive capacity.
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Figure 27 (e) represents the water resources sub-sector adaptive capacity rank of the element ‘water
systems management, which includes registration and financial turnover status of the Water Users
Association (WUA), agricultural land with operation irrigation systems, number of functional drinking
water schemes and the Gender Development Index (GDI). The districts with a higher number of
these systems and better management status of the water services have a higher adaptive capacity.
In general, the Terai and Siwalik districts of Nepal have a higher adaptive capacity.
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Figure 27: Adaptive capacity of the elements (water resources)
Figure 28 (a) represents the energy sub-sector adaptive capacity rank of the element’s operational

status of hydropower plants, which includes hydropower potentials in districts and the status
of electrification coverage of the districts. The better status of these indicators represents the
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higher adaptive capacity. In this assessment, the districts of the hills and mountain region
of Sudurpashchim Province, the districts of Karnali Province, and some western districts of
Province 1 have a lower adaptive capacity in comparison to the other regions and districts.

Figure 28 (b) represents the energy sub-sector adaptive capacity rank of the element’s access
to alternative energy technology, which includes households that have bio-gas plants and solar
plants. The districts with the better status of coverage of biogas and solar plants have a higher
adaptive capacity. These technologies are recommended worldwide and practiced as adaption
options for climate change. The adaptive rank map shows that there are no significant scenarios
region-wise as it entirely depends on the knowledge and economic status of the people and
access to resources and places for installation.

Figure 28 (c) represents the energy sub-sector adaptive capacity rank of the element ‘economic
status of the households’ such as per capita income in the districts. The districts with higher per
capita income have a higher adaptive capacity. This adaptive capacity ranking is based on the
current per capita income of the districts, which can change in the future according to changes
in the economic status of the people and households.
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Figure 28: Adaptive capacity of the elements (energy)

1.2.2 Adaptive capacity ranks of the sub-sectors

The adaptive capacity rank of the water resources sub-sector is analyzed by compositing the
five elements mentioned in Figure 27 and the corresponding weightage of the elements during
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the composite processes (Annex 3). Figure 29 represents the adaptive capacity rank of the
water resources sub-sector. The predominant elements to have composite adaptive capacity
ranking are water recharge, retention and reuse interventions, water conservation practices,
and system management of water services among five elements. In general, the districts in the
hills and mountains of the western region, in the mountainous region of the mid, and hills and
mountains of the eastern region have a lower adaptive capacity rank.

Table 27 represents the list of districts based on the adaptive capacity rank classes in the water
resources sub-sector, where 5 districts have ‘Very High', 18 districts have ‘High’, 21 districts
have ‘Moderate’, 17 districts have ‘Low’ and 16 districts have 'Very Low’ adaptive capacity
rank. The table also includes the list of individual indicators that are the reasons for having the
higher adaptive capacity.

Similarly, the adaptive capacity rank of the energy sub-sector (Figure 30) is analyzed by
compositing the three elements mentioned in Figure 28. The weightage of the elements
(Annex 3) has been taken while compositing the elements. The predominant element is the
operational status of hydropower plants. In general, the districts in hills and mountain regions of
the western region, and Mahottari, Siraha, Sindhuli, Udayapur, and Okhaldhunga districts have
a lower adaptive capacity in comparison to other districts.
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Figure 29: Adaptive capacity rank of the water resources sub-sector
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Table 27: Adaptive capacity ranks of the water resources sub-sector

LG ET T
Capacity Rank

Very High
(0.660 — 1.000)
High

(0.479 - 0.659)

Moderate
(0.334 - 0.478)

Low
(0.185—0.333)
Very Low
(0.000 —0.184)

Kaski, Rautahat, Saptari, Sarlahi, Sunsari

Achham, Bara, Bardiya, Chitwan, Dadeldhura, Dang, Dhankuta, Dhanusha, Doti, Ilam, Kathmandu,
Makawanpur, Nawalpur, Sindhuli, Siraha, Solukhumbu, Surkhet, Tanahu

Baitadi, Banke, Bhaktapur, Dhading, Dolakha, Jhapa, Kailali, Kanchanpur, Kapilbastu, Kavrepalanchok,
Lamjung, Mahottari, Morang, Mustang, Nuwakot, Parbat, Parsa, Rupandehi, Salyan, Sindhupalchok,
Syangja

Arghakhanchi, Baglung, Bhojpur, Darchula, Gorkha, Gulmi, Khotang, Lalitpur, Myagdi, Panchthar, Parasi,
Pyuthan, Rolpa, Sankhuwasabha, Taplejung, Terhathum, Udayapur

Bajhang, Bajura, Dailekh, Dolpa, Eastern Rukum, Humla, Jajarkot, Jumla, Kalikot, Manang, Mugu,
Okhaldhunga, Palpa, Ramechhap, Rasuwa, Western Rukum

Dominant Indicators for the Higher Adaptive Capacity Ranks

The trend of reforestation/afforestation to conserve water; Trends of terrace farming for water retention; Access to climate
information; Number of wetlands conservation initiatives; Number of bio-engineering practices; Registration status of Water
Users Association (WUA); Agricultural land with operational irrigation systems, Gender Development Index

Table 28 represents the list of districts based on the adaptive capacity rank classes in the
energy sub-sector, where 8 districts have ‘Very High’, 21 districts have 'High’, 25 districts have
‘Moderate’, 15 districts have ‘Low’ and 8 districts have ‘Very Low’ adaptive capacity rank. The
table also includes the list of individual indicators that are the reasons for having the higher
adaptive capacity.
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Figure 30: Adaptive capacity rank of the energy sub-sector

Sectoral Report: Water Resources and Energy | .0
[ ]

<:(>>... C‘

o B
® o O e\




Table 28: Adaptive capacity ranks of the energy sub-sector

=
Capacity Rank

Very High
(0.678 — 1.000)

High

(0.549 - 0.677)

Moderate
(0.446 — 0.548)

Gorkha, Kaski, Kathmandu, Lalitpur, Lamjung, Ramechhap, Rasuwa, Sankhuwasabha

Baglung, Bara, Bhaktapur, Chitwan, Dhankuta, Dolakha, Jhapa, Khotang, Makawanpur, Mustang,

Myagdi, Nuwakot, Panchthar, Parsa, Sindhupalchok, Solukhumbu, Surkhet, Syangja, Tanahu,
Taplejung, Terhathum

Arghakhanchi, Banke, Bardiya, Bhojpur, Dadeldhura, Dang, Dhading, Dhanusha, Gulmi, llam, Kailali,

Kanchanpur, Kapilbastu, Kavrepalanchok, Manang, Morang, Nawalpur, Palpa, Parasi, Parbat,
Rautahat, Rupandehi, Saptari, Sarlahi, Sunsari

Low Achham, Dolpa, Doti, Jajarkot, Kalikot, Mahottari, Mugu, Okhaldhunga, Pyuthan, Rolpa, Salyan,
(0.266 — 0.445) Sindhuli, Siraha, Udayapur, Western Rukum
Very Low

(0.000 — 0.265)

Baitadi, Bajhang, Bajura, Dailekh, Darchula, Eastern Rukum, Humla, Jumla

Dominant Indicators for the Higher Adaptive Capacity Ranks
Electrification coverage status; Households come/per capita income

1.2.3 Adaptive capacity rank of the sector

Overall,

the adaptive capacity rank of the sector presented in Figure 31 is a composite of the
adaptive capacity rank of sub-sectors, included in Figure 29 and Figure 30 respectively. In this
assessment, the overall adaptive capacity rank is equally affected by both the sub-sectoral ranks.
In general, the districts in the hills and mountain region of Lumbini Province, Karnali Province,
and Sudurpashchim Province; and Manang, Palpa, Okhaldhunga, and Udayapur districts have a

comparatively lower adaptive capacity rank.
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Figure 31: Overall adaptive capacity rank of the sector
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Table 29: Overall adaptive capacity ranks of the sector

LG ET T
Capacity Rank

Very High .
Kaski, Kath kh h
(0.765 - 1.000) aski, Kathmandu, Sankhuwasabha
High Bara, Bardiya, Bhaktapur, Chitwan, Dhankuta, Dolakha, Gorkha, Ilam, Lalitpur, Lamjung, Makawanpur,

(0.618 —0.764) Nawalpur, Rautahat, Saptari, Sarlahi, Sindhupalchok, Solukhumbu, Sunsari, Surkhet, Syangja, Tanahu
Achham, Arghakhanchi, Baglung, Banke, Bhojpur, Dadeldhura, Dang, Dhading, Dhanusha, Doti, Gulmi,

Moderate Jhapa, Kailali, Kanchanpur, Kapilbastu, Kavrepalanchok, Khotang, Mahottari, Morang, Mustang, Myagdi,

(0.434-0.617) Nuwakot, Panchthar, Parasi, Parbat, Parsa, Ramechhap, Rasuwa, Rupandehi, Sindhuli, Siraha, Taplejung,
Terhathum

:'&;& 0433) Jajarkot, Kalikot, Manang, Mugu, Palpa, Pyuthan, Rolpa, Salyan, Udayapur, Western Rukum

Very Low T, . .

(0.000 — 0.280) Baitadi, Bajhang, Bajura, Dailekh, Darchula, Dolpa, Eastern Rukum, Humla, Jumla, Okhaldhunga

Dominant Indicators for the Higher Adaptive Capacity Ranks

The trend of reforestation/afforestation to conserve water; Trends of terrace farming for water retention; Access to climate
information; Number of wetlands conservation initiatives; Total usable water for irrigation; Number of bio-engineering
practices; Agricultural land with operational irrigation systems, Gender Development Index (GDI); Electrification coverage
status

Table 29 represents the list of districts based on the overall adaptive capacity rank classes in the
sector; where 3 districts have ‘Very High', 21 districts have 'High’, 33 districts have ‘Moderate’,
10 districts have ‘Low’ and 10 districts have ‘Very Low’ adaptive capacity rank. The table also
includes the list of individual indicators, which are the reasons for having a higher adaptive
capacity. These indicators are identical with the predominant indicators mentioned in the sub-
sectors; however, it depends on the class break values of the sub-sectors and sectors.

1.3 Vulnerability ranks and indexes

As described before, the vulnerability is determined by subtracting the composite adaptive
capacity value of the districts from the composite sensitive value of respective districts (Equation
1). The vulnerability rank of the sub-sectors and sectors is described in the sections below.

1.3.1 Vulnerability rank of the sub-sector

Water resources

Figure 32 is the vulnerability rank of the water resources sub-sector and Table 30 is the list of
districts based on the vulnerability rank classes. This vulnerability rank map has been determined
by subtracting the adaptive capacity rank map (Figure 29) from the sensitivity rank map (Figure
23) of the water resources sub-sector. Looking at the analysis scenario of vulnerability, the hills
and mountain regions of western Nepal are highly sensitive to climate change, whereas the
adaptive capacity of the region is very low. Thus, the region is highly vulnerable. In the water
resources sub-sector, there are 7 districts at ‘"Very High’, 18 districts at ‘High’, 16 districts at
'Moderate’, 29 districts at ‘Low’, and 7 districts at ‘"Very Low’ vulnerability ranks.

In water resources, five northern districts (Eastern Rukum, Rolpa, Pyuthan, Arghakhanchi, and
Palpa) of Lumbini Province (except Gulmi), all the districts of Karnali Province (except Surkhet
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and Salyan), and three northern districts (Darchula, Bajhang, and Bajura) of Sudurpashchim
Province are at high to very high vulnerability rank. In Gandaki Province, the districts boarding
with Karnali and Lumbini Province (Myagdi and Baglung) and four northern districts (Mustang,
Manang, Lamjung, and Gorkha) are at moderate to high vulnerability rank. In Bagmati Province,
five northern districts (Dhading, Rasuwa, Sindhupalchok, Dolakha, and Ramechhap) and Lalitpur
in Kathmandu Valley are at moderate to high vulnerable rank. In Province 2, Mahottari district
is at a moderate vulnerability rank in comparison to all the districts of Nepal, but this district is
at a higher vulnerability rank in comparison to the other 7 districts of this province. In general,
the districts of Province 1 are less vulnerable in comparison to the other districts of Nepal. In
Province 1, except the district in the Terai region, Sunsari, Morang, and Jhapa, and the hill
districts, Dhankuta and Ilam, all other nine districts are at moderate to high vulnerability rank.
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Figure 32: Vulnerability rank of the water resources sub-sector

Table 30: Vulnerability ranks of the water resources sub-sector

Vulnerability Rank | Disrict |

Very High

(0.684— 1.000) Bajhang, Bajura, Dolpa, Humla, Jajarkot, Jumla, Mugu

Arghakhanchi, Baglung, Dailekh, Darchula, Eastern Rukum, Gorkha, Kalikot, Manang, Myagdi,

High Okhaldhunga, Palpa, Pyuthan, Ramechhap, Rasuwa, Rolpa, Sankhuwasabha, Terhathum, Western

(0.535—0.683)

Rukum
Moderate Bhojpur, Dhading, Dolakha, Gulmi, Kapilbastu, Khotang, Lalitpur, Lamjung, Mahottari, Mustang,
(0.382 —0.534) Panchthar, Salyan, Sindhupalchok, Solukhumbu, Taplejung, Udayapur

Achham, Baitadi, Banke, Bara, Bhaktapur, Chitwan, Dadeldhura, Dang, Dhankuta, Dhanusha, Doti, [lam,
Jhapa, Kailali, Kanchanpur, Kathmandu, Kavrepalanchok, Makawanpur, Morang, Nuwakot, Parasi,
Parbat, Parsa, Rupandehi, Sindhuli, Siraha, Surkhet, Syangja, Tanahu

Low
(0.179-0.381)

Very Low

(0,000 0.178) Bardiya, Kaski, Nawalpur, Rautahat, Saptari, Sarlahi, Sunsari
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Similarly, Figure 33 represents the vulnerability rank map of the energy sub-sector, and the list
of districts according to the vulnerability rank classes is presented in Table 31. This vulnerability
rank map of the energy sector is determined from the sensitivity (Table 25) and adaptive capacity
(Table 28) analysis of the energy sector. In the energy sub-sector, as described before, most
of the districts in the Terai region are less sensitive due to a lack of presence of energy-related
infrastructures and are at moderate to high adaptive capacity. On the contrary, most of the
hills and mountainous districts are highly sensitive and are at moderate to very low adaptive
capacity. These scenarios have been reflected in the vulnerability rank of the energy sub-sector.
In the energy sector, there are 15 districts at each ‘Very High', 'High" and ‘Low’ vulnerability
rank classes, and the other 20 districts are at ‘Moderate’ and the remaining 12 districts are at
‘Very Low’ vulnerability rank classes.
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Figure 33: Vulnerability rank of the energy sub-sector

Table 31: Vulnerability ranks of the energy sub-sector

Very High Arghakhanchi, Baglung, Baitadi, Bajura, Dailekh, Darchula, Dhading, Gulmi, Jumla, Kailali,

(0.750 — 1.000) Kavrepalanchok, Morang, Nawalpur. Okhaldhunga, Western Rukum

High Bajhang, Bhojpur, Chitwan, Dolakha, Dolpa, Eastern Rukum, Humla, llam, Myagdi, Nuwakot, Palpa,
(0.594 — 0.749) Parbat, Pyuthan, Sindhupalchok, Solukhumbu

Moderate Doti, Gorkha, Jajarkot, Kalikot, Kaski, Lalitpur, Lamjung, Makawanpur, Manang, Mugu, Mustang,
(0.392 — 0.593) Panchthar, Parasi, Ramechhap, Rolpa, Surkhet, Syangja, Tanahu, Taplejung, Terhathum

Low Dhankuta, Dhanusha, Jhapa, Kanchanpur, Khotang, Mahottari, Rasuwa, Rautahat, Rupandehi, Salyan,
(0.221 - 0.391) Sankhuwasabha, Sarlahi, Siraha, Sunsari, Udayapur

Very Low Achham, Banke, Bara, Bardiya, Bhaktapur, Dadeldhura, Dang, Kapilbastu, Kathmandu, Parsa, Saptari,
(0.000 — 0.220) Sindhuli

| 73000 .
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The vulnerability rank of the energy sub-sector shows that llam, Morang, Khotang, Okhaldhunga,
and Solukhumbu in Province 1; Dolakha, Kavrepalanchok, Sindhupalchok, Nuwakot, Gorkha
and Chitwan in Bagmati Province; Nawalpur and Baglung in Gandaki Province; Palpa, Gulmi,
Arghakhanchi, and Eastern Rukum in Lumbini Province; Western Rukum, Dolpa, Jumla, Dailekh,
and Humla in Karnali Province; and Kailali, Baitadi, Darchula, Bajhang and Bajura in Sudurpashchim
Province are highly vulnerable considering their sensitivity and adaptive capacity statuses. The
existence of a higher number with the larger capacity of energy-related infrastructure in the
districts are the reasons for having a higher degree of sensitivity and this leads them to be more
vulnerable.

1.3.2 Vulnerability ranks of the sector

Figure 34 is the overall vulnerability rank map of the sector, which is a composite result of
the vulnerability rank of water resources (Figure 32) and energy (Figure 33) sub-sectors. Table
32 represents the list of districts based on the overall vulnerability rank classes of the sector.
According to these classes, there are 14 districts each at ‘Very High', ‘Moderate’ and ‘Low’
vulnerability rank classes, 20 districts are at ‘High” and the remaining 15 districts are at ‘Very
Low’ vulnerability rank classes. The predominant elements and indicators for being highly
vulnerable are described in the respective sections of sensitivity and adaptive capacity analysis
above, and also listed in Table 26 and Table 29 respectively.
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Figure 34: Overall vulnerability rank of the sector
The result of the overall composite vulnerability rank classes shows that, in general, the hills
and mountains of western and middle regions are highly vulnerable in comparison to other

regions of Nepal. Morang, Terhathum, Khotang, Solukhumbu, and Okhaldhunga districts
in Province 1; Dolakha, Ramechhap, Kavrepalanchok, Sindhupalchok, and Dhading districts
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in Bagmati Province; Gorkha, Nawalpur, Manang, Parbat, Myagdi, and Baglung districts in
Gandaki Province; Palpa, Gulmi, Arghakhanchi, Pyuthan, and Eastern Rukum districts in Lumbini
Province; all the districts except Salyan and Surkhet in Karnali Province; and Bajura, Bajhang,
Darchula, Baitadi, and Kailali districts of Sudurpashchim Province are highly vulnerable (high to
very high-rank class).

Table 32: Overall vulnerability ranks of the sector

Vulnerability Rank | District

Very High Arghakhanchi, Baglung, Baitadi, Bajhang, Bajura, Dailekh, Darchula, Dolpa, Eastern Rukum, Gulmi,
(0.721 — 1.000) Humla, Jumla, Okhaldhunga, Western Rukum

High Bhojpur, Dhading, Dolakha, Gorkha, Jajarkot, Kailali, Kalikot, Kavrepalanchok, Manang, Morang, Mugu,
(0.560 — 0.720) Myagdi, Nawalpur, Palpa, Parbat, Pyuthan, Ramechhap, Sindhupalchok, Solukhumbu, Terhathum
Moderate Chitwan, Doti, llam, Lalitpur, Lamjung, Mustang, Nuwakot, Panchthar, Parasi, Rasuwa, Rolpa, Syangja,
(0.389 — 0.559) Tanahu, Taplejung

Low Dhanusha, Jhapa, Kanchanpur, Kapilbastu, Kaski, Khotang, Mahottari, Makawanpur, Rupandehi,

(0.220 — 0.388) Salyan, Sankhuwasabha, Siraha, Surkhet, Udayapur

Very Low Achham, Banke, Bara, Bardiya, Bhaktapur, Dadeldhura, Dang, Dhankuta, Kathmandu, Parsa, Rautahat,
(0.000 - 0.219) Saptari, Sarlahi, Sindhuli, Sunsari

In terms of vulnerability assessment of the watershed and sub-river basin, the findings show
that most of the watersheds in Bagmati Province, Gandaki Province, Lumbini Province, Karnali
Province, and Sudurpaschim Province are highly vulnerable (Figure 35a). Furthermore, the result
shows that the sub-basins of the Karnali river basin have a higher vulnerability to climate change
impacts (Figure 35 b).

WatRES (Watershed)
Vulnerability Rank

WatRES (Subbasin)
Vulnerability Rank

h
W Very High
— Watershed boundary
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Figure 35: Vulnerability rank of the a) watershed b) sub-river basin
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Chapter 8

Climate Change Risks

As explained before, the risk is a function of hazard, exposure, and vulnerability
(Equation 2). Therefore, the risk ranking is entirely based on the analysis carried
out for the hazard, exposure and vulnerability, explained in their respective
sections above. Based on the analysis, the obtained risk ranks of the sub-
sectors and sectors have been explained in the sections below.

8.1 Risk rank scenarios of water resources

Figure 36 represents the baseline risk rank map of the water resources sub-
sector; which has been obtained from the composition of climate-induced
hazards (Figure 11), exposure (Figure 18), and vulnerability (Figure 32). The
baseline is based on the historical data of the indicators. Table 33 represents
the list of districts according to the baseline risk rank classes, with eight
districts at ‘Very High’, 19 districts at ‘High', 17 districts at ‘Moderate’, 19
districts at ‘Low’, and 14 districts at ‘Very Low' risk rank classes (Table 33).
The risk rank results are the composite result of all the indicators of exposure,
sensitivity, adaptive capacity, and hazards.
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Figure 36: Risk rank of the water resources sub-sector at baseline

In Province 1, the Terai and Mountain districts (except Sunsari) are at higher risk rank (high to
very high); whereas the hill districts of the province are at lesser risk in comparison to other
districts of Nepal. In Province 2, Mahottari, Dhanusha, and Siraha districts are at higher risk rank;
whereas, Bara, Rautahat, and Sarlahi are at lower risk rank. In Bagmati Province, Sindhupalchok,
Dhading, and Chitwan are at higher risk rank, and Sindhuli, Kavrepalanchok, Lalitpur, Bhaktapur,
Kathmandu, and Nuwakot are at lower risk rank. In Gandaki Province, Gorkha, Manang, Myagdi
and Baglung districts are at higher risk rank and Nawalpur, Tanahu, Lamjung, Syangja, Parbat
and Kaski districts are at lower risk rank. In Lumbini Province, Rupandehi, Dang, and Banke
districts are at higher risk rank and Parasi, Arghakhanchi, Gulmi, Rolpa, Eastern Rukum, and
Bardiya districts are at lower risk rank. In Karnali Province, all the mountainous districts (except
Kalikot), and Dailekh and Jajarkot districts are at higher risk rank, whereas, Western Rukum,
Salyan, and Surkhet districts are at lower risk rank. In Sudurpashchim Province, Bajura, Doti, and
Kailali districts are at a higher risk tank, whereas, Darchula, Baitadi, and Dadeldhura districts are
at lower risk rank in comparison to other districts of the province. Considering these scenarios
of baseline, Karnali Province is at higher risk so far in comparison to other districts of Nepal.

Table 33: Districts in risk ranks of the water resources sector

Very High . .

(0.578 — 1.000) Dolpa, Gorkha, Humla, Mahottari, Morang, Sankhuwasabha, Solukhumbu, Taplejung

High Baglung, Bajura, Banke, Chitwan, Dailekh, Dang, Dhading, Dhanusha, Doti, Jajarkot, Jhapa, Jumla, Kailali,
(0.368 — 0.577) Manang, Mugu, Myagdi, Rupandehi, Sindhupalchok, Siraha

Moderate Achham, Bajhang, Dolakha, Kalikot, Kanchanpur, Kapilbastu, Khotang, Makawanpur, Mustang, Palpa,
(0.253 - 0.367) Parsa, Pyuthan, Ramechhap, Rasuwa, Saptari, Sunsari, Udayapur

Low Arghakhanchi, Baitadi, Bara, Bhojpur, Darchula, Gulmi, Kathmandu, Kavrepalanchok, Lamjung, Nuwakot,
(0.138 — 0.252) Okhaldhunga, Panchthar, Rolpa, Sindhuli, Surkhet, Syangja, Tanahu, Terhathum, Western Rukum

Very Low Bardiya, Bhaktapur, Dadeldhura, Dhankuta, Eastern Rukum, llam, Kaski, Lalitpur, Nawalpur, Parasi,

(0.000 - 0.137) Parbat, Rautahat, Salyan, Sarlahi
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Figure 37: Risk rank of future change scenarios (water resources)

Figure 37 represents the risk rank map of the water resources sub-sector of the future. Based
on the future projection scenarios of climatic hazards (Figure 13), these include four different
future scenarios under RCP 4.5 and RCP 8.5 in the projection periods the 2030s and 2050s.
Table 34 includes the number of districts in the risk rank classes at baseline and for both future
projection scenarios of both projected periods. The future scenarios of risk rank show that the
numbers of higher risk rank districts will increase in the future in both periods of both projected
scenarios. Kaski, Nawalpur, Rautahat, and Sarlahi districts are at very low-risk rank in the future
too in comparison with other districts, however, this does not mean that these districts will not
be imposed by the changing climate and its associated disasters.

Table 34: No. of districts in risk rank classes (water resources)

Number of Districts
o | Rcees |
Baseline RCF8S =

Very High (0.578 — 1.000) 8 13 7 7 6
High (0.368 — 0.577) 19 33 30 28 35
Moderate (0.253 — 0.367) 17 18 21 22 15
Low (0.138 — 0.252) 19 9 15 16 17
Very Low (0.000 - 0.137) 14 4 4 4 4
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8.2 Risk rank scenarios of energy

Figure 39 represents the baseline risk rank map of the energy sub-sector, which has been
obtained by the composition of climate-induced hazards (Figure 11), exposure (Figure 19), and
vulnerability (Figure 33) analysis of the energy sub-sector that is driven by historical climatic hazards.
Table 35 represents the list of districts based on the baseline risk rank classes for the energy sector
and Table 36 represents the number of districts at baseline and in RCP 4.5 and RCP 8.5 projection
scenarios of the projected periods of the 2030s and 2050s. This risk rank analysis is based
on the elements and indicators of the exposure, sensitivity, adaptive capacity, and hazards
components, therefore, the higher dominant indicators of these components lead to becoming
the higher risk rank.

Table 35: Districts in risk ranks of the energy sector

Very High . . . . .
(0.629— 1.000) Chitwan, Dhading, Kailali, Kaski, Morang, Sindhupalchok
High .
(0,340 0.628) Baglung, Dolakha, Gorkha, Kavrepalanchok, Makawanpur, Solukhumbu, Taplejung
Baitadi, Bajhang, Dailekh, Dhanusha, Doti, llam, Jajarkot, Jhapa, Kalikot, Kanchanpur, Lamjung, Mahottari,
Moderate . . o
Myagdi, Nawalpur, Nuwakot, Pyuthan, Ramechhap, Rautahat, Sankhuwasabha, Saptari, Sarlahi, Siraha,
(0.170 — 0.339) .
Sunsari, Surkhet, Tanahu
Low Achham, Bajura, Banke, Bara, Bardiya, Bhojpur, Dang, Darchula, Dolpa, Gulmi, Humla, Jumla, Khotang,
Mugu, Okhaldhunga, Palpa, Panchthar, Parbat, Parsa, Rasuwa, Rolpa, Rupandehi, Sindhuli, Syangja,
(0.078 — 0.169)
Western Rukum
:GegzoLgv(\]/ 077) Arghakhanchi, Bhaktapur, Dadeldhura, Dhankuta, Eastern Rukum, Kapilbastu, Kathmandu

In Province 1, Morang, Taplejung, and Solukhumbu districts are at higher risk rank and the
hill districts are at lower risk rank in comparison to other districts of the province. In Province
2, all the districts are at a very low to moderate risk rank. In Bagmati Province, Dolakha,
Sindhupalchok, Kavrepalanchok, Dhading, Makawanpur, and Chitwan districts are at higher risk
rank, and Sindhuli, the three districts of Kathmandu Valley and Rasuwa districts are at lower risk
rank. In Gandaki Province, Gorkha, Kaski, and Baglung districts are at higher risk rank, whereas,
Mustang, Manang, Parbat, and Syangja districts are at lower risk rank. In the Lumbini Province
and Karnali Province, all the districts are at very low to moderate risk rank. In Sudurpashchim
Province, Kailali district is at very risk rank, whereas, Bajura, Achham, Darchula, and Dadeldhura
districts are at lower risk rank. As explained before, the energy sub-sector analysis has been
entirely based on the development of energy infrastructures and the existence of relevant plans
thus the future development of the energy sub-sector will affect the obtained risk rank. In this
assessment, the exposure rank of the energy sub-sector has been found more prevalent for the
obtained risk rank of this sub-sector.
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Figure 38: Risk rank of the energy sub-sector at baseline

Figure 39 represents the risk rank maps of future scenario changes of the energy sub-
sector. This includes the risk rank maps of the projection scenarios RCP 4.5 and RCP 8.5 of
the projection periods of the 2030s and 2050s based on the future projection scenarios of
climatic hazards (Figure 14). According to the projection scenarios, the number of higher-risk
rank districts will increase in the future, when the number of districts at baseline is compared
with the 2030s and 2050s (Table 36). This shows that climate change will increase the risk in
the energy sub-sector in the future and the scenario will be different with the development
of additional energy infrastructures. Comparatively, Dadeldhura, Kathmandu, Bhaktapur, and
Dhankuta are common districts that are at very low-risk rank, whereas, Kailali, Kaski, Chitwan,
Gorkha, Sindhupalchok, and Morang are common districts which are at the very high-risk rank
for all four future scenarios. However, this is just an inter-comparative risk scenario of all 77
districts of Nepal, where the districts at lower risk rank also have a considerable impact due to
the changing climate and its associated disasters.

Table 36: No. of districts in risk rank classes (energy)

Number of Districts

Risk Rank
Baseline

Very High (0.629 — 1.000) 6 6 8 8 10
High (0.340 — 0.628) 1 12 18 16 17
Moderate (0.170-0.339) 25 26 29 31 31
Low (0.078 - 0.169) 25 25 18 17 15
Very Low (0.000 - 0.077) 14 8 4 5 4
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Figure 39: Risk rank of future change scenarios (energy)

8.3 Overall risk rank scenarios of the sector

Figure 40 represents the overall baseline risk rank map of the sector, which is also the final
product of this assignment including the projected overall risk rank maps (Figure 41). This
overall baseline risk rank map has been obtained by composing the risk rank maps of the water
resources (Figure 36) and the energy (Figure 38) sub-sectors. Similarly, the projected overall risk
rank maps under RCP 4.5 and RCP 8.5 of the projected periods the 2030s and 2050s have been
obtained by compositing the projected respective risk rank maps of the water resources (Figure
37) and energy (Figure 39) sub-sectors.

Table 37 represents the list of districts following the overall baseline risk rank classes and
Table 38 includes the number of districts under the baseline and future projections scenarios of
overall risk ranks of the sector. Overall, the number of districts in higher risk ranks is increasing
for the future scenarios of the 2030s and 2050s when being compared with the baseline (refer
to a total number of districts at the very high and high-risk rank class of Table 38). The number
of districts in lower-risk ranks is also decreasing in the future (refer to the total number of
districts at the very low and low-risk rank class of Table 38).
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Figure 40: Overall risk rank of the sector

Table 37: Districts in overall risk ranks of the sector

Risk Rank |District
Very High
(0.591 — 1.000)
High Baglung, Dolakha, Humla, Jhapa, Kaski, Kavrepalanchok, Mahottari, Makawanpur, Sankhuwasabha,
(0.322-0.590) Taplejung
Moderate Baitadi, Bajhang, Dailekh, Dang, Dhanusha, Dolpa, Doti, Ilam, Jajarkot, Jumla, Kalikot, Kanchanpur, Mugu,
(0.196 —0.321) Myagdi, Nuwakot, Palpa, Pyuthan, Ramechhap, Rasuwa, Rupandehi, Saptari, Sarlahi, Siraha, Sunsari, Tanahu
Low Achham, Bajura, Banke, Bara, Bhojpur, Darchula, Gulmi, Kapilbastu, Khotang, Lamjung, Manang, Mustang,
Nawalpur, Okhaldhunga, Panchthar, Parbat, Parsa, Rautahat, Rolpa, Sindhuli, Surkhet, Syangja, Udayapur,
(0.096 — 0.195)
Western Rukum
Very Low Arghakhanchi, Bardiya, Bhaktapur, Dadeldhura, Dhankuta, Eastern Rukum, Kathmandu, Lalitpur, Parasi,
(0.000-0.095) Salyan, Terhathum

Chitwan, Dhading, Gorkha, Kailali, Morang, Sindhupalchok, Solukhumbu

In Province 1, Jhapa, Morang, Taplejung, Sankhuwasabha, and Solukhumbu districts are at
higher risk and the hill districts at a lower risk. In Province 2, Mahottari district is at higher
risk rank, whereas, Parsa, Bara, and Rautahat districts at a lower risk. In Bagmati Province,
Dolakha, Sindhupalchok, Kavrepalanchok, Makawanpur, and Chitwan districts are at higher risk
rank, whereas, Sindhuli, Kathmandu, Bhaktapur, and Lalitpur are at lower risk rank. In Gandaki
Province, Gorkha, Kaski, and Baglung districts are at higher risk rank, whereas, Nawalpur,
Lamjung, Manang, Mustang, Parbat, and Syangja districts are at lower risk rank. In Lumbini
Province, all the districts are at moderate to very low-risk rank. In Karnali Province, the Humla
district is at a higher risk rank, whereas, Western Rukum, Salyan, and Surkhet are at a lower
risk rank. In Sudurpashchim Province, Kailali district is at a higher risk rank, whereas, Bajura,
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Achham, Darchula, and Dadeldhura districts are at a lower risk rank in comparison to other
districts of Nepal. However, the provincial ranks are identical with the district level rank, where
the district indexes are classified.

Besides, the baseline risk of climate change impact in the watershed and sub-river basin is
analyzed. The findings show that few watersheds in Province 1, Bagmati Province, Gandaki
Province, Sudurpaschim Province are impacted by climate change (Figure 41 a). In addition, for
sub-basin level risks, the findings show that Province One, Gandaki Province, Karnali Province,
and Sudurpashim Province are impacted (Figure 41 b).

Figure 41: Risk rank of baseline scenarios a) watersheds b) sub-basin

The watershed level risks analysis shows that in RCP 4.5 in 2030, except Karnali, all other
Provinces will be experiencing risks of climate change impact. The risks of climate change
impact will be extending to all the Provinces in RCP 8.5 in 2030. Besides, in 2050, the risks of
climate change impact on watersheds will be severe. However, in RCP 8.5, in 2050, there will
be a slight decrease in risks of climate change impact.

In terms of sub-basin level risk, the findings show that in RCP 4.5 in 2030, the risks of climate
change will be higher in Province One, Bagamati Province, Gandaki Province, and Karnali
Province. Besides, in RCP 8.5, the risks of climate change impact will be higher in additional
Provinces such as Province 2 and Lumbini Province. In 2050, under both scenarios, the risks
of climate change impact will be higher in Province 2, Bagmati Province, Gandaki Province,
Lumbini Province, Karnali Province, and parts of Sudurpaschim Province.

As explained before, Figure 42 represents the projected overall risk rank maps of the sector
under the projected scenarios RCP 4.5 and RCP 8.5 of the projection periods of the 2030s and
2050s, the number of districts at higher risk due to climate change will increase in the future.
This shows that the impact of climate change will increase the risk in the sector. In this sector,
Morang, Solukhumbu, Sindhupalchok, Dhading, Gorkha, and Kailali are the common districts in
all four future projected scenarios that are at very high-risk rank classes; whereas, Dhankuta,
Kathmandu, Bhaktapur, Salyan, Bardiya, and Dadeldhura are the common districts that are at
very low-risk rank classes in comparison to the other districts of Nepal.
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Figure 42: Overall risk rank of future change scenarios
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Likewise, Figure 43 and Figure 44 represent the RCP4.5 and RCP8.5 projected scenarios of the
overall risk ranks respectively of the period 2030s and 2050s at the watershed and subbasin
level. In the future, most of the watersheds and subbasins in the hills, Middle Mountain and
High Mountain are comparatively at higher risk including the watersheds and subbasins at

Kankai and

Mohan river basins.
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Figure 43: RCP4.5 scenarios of overall risk rank of the watersheds and subbasins
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Figure 44: RCP8.5 scenarios of overall risk rank of the watersheds and subbasins

In summary, the findings show that the risks of climate change impact will be higher throughout
Nepal in 2030 and 2050 in both the RCP scenarios. This implies that climate extreme events will
have major implications for water and energy security in the future. Precipitation is projected
to increase along with climate extreme events such as the number of rainy days. This has
implications of too much water during monsoon which will bring extreme flooding, landslide,
and landslide induced flood. The extreme variability observed in the precipitation will lead to
an impact on water storage, river runoff, groundwater recharge, and water availability as a
whole. This has implications for the drinking water, irrigation, hydropower, and other services
derived from water resources. The increased temperature will lead to glacier melting and the
risks of water flow in snow-fed rivers will be high. The hydropower sector which is one of the
major sources of energy generation in Nepal will suffer from the seasonal water fluctuation and
variability and the consequences of climate-induced disasters in the energy infrastructure and
services. Besides, the large dam, reservoir, and river diversion plans will be impacted due to the
seasonal variability (too much water and too little water).
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Chapter 9

Adaptation Options in the
Sector

Water availability, supply, distribution, use, and conservation are directly
dependent on climatic variabilities, naturally stored freshwater and spatial
coverage of water availability. Besides the domestic, agricultural, and industrial
demand, the ecological water demand also needs to be fulfilled to maintain
the ecosystems, as they also completely rely on the spatial coverage of water
availability. Strengthening the water resources management is crucial in
adopting adaptation measures to combat the projected climate change and
related changes in terms of rainfall, snowfall, glaciers, water use patterns, and
water quality.

The strategic priority areas on adaptation proposed for this sector is aligned
with the water resource policy of the government of Nepal, the white paper,
and the fifteenth five-year plan along with other strategic policy priorities
on implementing the master plan on integrated river basin management,
integrated water resource management, and mitigating the risks of climate-
induced disasters. The storage capacity of water resources needs to be
increased naturally and artificially to meet the seasonal water scarcity caused
by climate change and to meet the scattered demand of water service areas.
These adaptation options can be implemented by the development and
deployment of new technologies targeting short-term to long-term solutions.
Re-adjusting the individual structure and service areas according to the
availability of water resources and energy sources could be a viable option.
Renewable energy itself is identified as an adaption option to diversify the
use of energy and to deal with seasonal variability of water availability for
hydropower plants. Most importantly, the socio-economic implications
need to be considered while implementing the adaptation options for the
changing climate. The four priority actions required as adaptation strategies
are described in Table 39 and the detailed list based on three categories of
the water resources and energy sub-sectors are described in Table 40 and
Table 41 respectively.
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Table 39: Strategic Priority areas on Adaptation in the Water Resources and Energy

Water Resources - Eey

e Promote Integrated River Basin Management (IRBM) e  Enhance a more detailed understanding of changes in
approach and modalities for total available resource the hydrological cycle and its uncertainty. Also, analyzing
accounting, addressing climate adversities (high future risks on infrastructure (dams and hydropower
seasonal fluctuation of river flow; risks from climate- plants, roads, and transmission lines)
induced disasters; spatial and temporal water scarcity) ¢  Ensure reservoir operation, to adjust rule curves by
and maximizing benefits (hydropower, food security, the climate change in different periods for the smooth
irrigation, and water supplies) operation and production. Similarly, increase the height

e Enrich the spatial coverage of the hydro-metrological of the dam, reducing the annual sediment inflow to the
measurements and monitoring stations in every reservoir, utilize the unwanted spill, and modify existing
watershed, river basin, sub-basin, and Palika, particularly spillways to increase discharge capacity Fuse-gate/
focused on the mountainous region of Nepal plugs.

e  Evaluate the water availability in every Palika, e  Diversify the energy use opportunities by identifying
watershed, river basin, and district with robust modelling relevant sources of energy based on the geographical
activities and map the floods risk zoning for all the river location, locally available resources and minimizing the
systems of Nepal environmental degradation

*  Promote and develop water recharge, retention, and e Ensure the public and private partnership for promoting
reuse interventions to conserve/preserve and equitable renewable energy technologies and make them
distribution among the beneficiaries for the water security accessible to everyone and every corner

Provision of relevant plans, policies, and guidelines based on the watersheds to implement the priority actions effectively and
relevant capacity development activities

The climate change adaptation options for the sector include water security and thereby
energy security. Adaptation measures should maintain the reliable and sustainable quantity and
quality of water for health, livelihoods, agricultural production, and energy development. Since
climate change impacts will increase gaps in water availability and demand, it will also alter the
energy production and supply, therefore, the water resources management and diversification
of alternative energy use should be strengthened. Water management strengthening should
include increasing water storage capacity with water retention and recharge plan; adapting
advanced technology for the water quality treatment and re-use; promoting multiple water
use systems to improve the efficiency of productive water use; promoting to use of hydro-
electric and renewable energy, including the households appliances; improving the system
and diversifying the energy consumption and power generation; developing a watershed and
river-basin management plan and relocating of upstream human habitats to control the pollutant
load; and readjusting the industrial structure which requires a huge amount of water.

One of the major challenges of climate-induced hazards will be potential implications for the
hydropower sector. The seasonal variability (too much and too little water) willimpact hydropower
efficiency and production. Climate-induced disasters such as floods, LDOF, landslides, GLOF
will damage the infrastructure and impact energy generation. To protect the huge development
investment in the sector, there is an urgent need to increase awareness of hydropower
developers/investors and the private sector as a whole. This needs to be supported with policy
instruments such as regulations to in-build climate vulnerability and risk in the hydropower
design and adoption of necessary risk mitigation measures in the sector.

The climate change adaptation options recommended in this assessment are based on the
climate change impact, risk, and vulnerability in the sub-sectors, which have been drawn from
the literature and consultative meetings in the provinces (Annex 1). The list of recommended
adaptation options for the Water Resources and Energy Sub-sector is included separately in
Table 40 and Table 41.
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Table 40: Lists of Adaptation Options for Water Resources Sub-sector

Risk and Vulnerabilities Short-term (1-5 years) Medium-term (1-10 years) Longer-term (1-30 years)

Structural/Physical

Climate change °
is projected

to reduce
renewable

surface

water and
groundwater o
resources,
intensifying
competition for
water among
sectors

Changing
precipitation o
or melting

snow and ice

are altering
hydrological
systems,

affecting water ¢
resources in

terms of quantity
and quality
Sustained

mass loss from
glaciers in the
Everest region
through the 21st
century based

on RCP 4.5 and
RCP 8.5 climate
projections

Climate change

is projected

Assess the seasonal
variability of water
resources and their
implications in water
storage, river runoff,
and water usages

Develop EBA strategies

to address the risk
and vulnerabilities
of critical river
basins, watersheds,

springsheds, and other

water bodies
Assess the

groundwater resources

quantity and quality

throughout the country
and study the impacts

of climate change
Assess the current
facilities and storage
options according

to future water
availability. And,
evaluate future
options to enhance
the water storage
(particular focus

on the recharging
groundwater aquifer)
Enhance integrated
and resilience

approach to municipal

services in water

Help to implement integrated
river basin master plan including
integrated water resource
management policy and
strategies.

Promote efficient domestic
water use practices (rainwater
harvesting, and multiple water
use systems) at the household
and community level

Improve maintenance of
existing reservoirs at villages

(to improve the efficiency of
water conveyance system and
rehabilitation of water storage
in the villages with treatment
facilities)

Promote efficient irrigation
technologies and practices such

as lined irrigation canals and well-

buried water supply pipelines to
prevent water leakage and loss
Enhance water recharge and
retention technologies; such

as recharging pit and wells

and terrace farming practices,
afforestation, etc.

Increase the efficiency of water
use and reduce water losses
from irrigation system (re-use of
drainage/wastewater; water-
saving irrigation applications:

micro-irrigation and drip irrigation;

efficient use of groundwater:

Develop large-scale

water infrastructure that
will provide the needed
buffering capacity,
robustness, and resilience
to withstand variability of
climate change

Promote water diversion

to ensure efficient water
use while minimizing

the negative impact on
freshwater biodiversity,
including cultural and social
values

Develop and implement
climate-resilient watershed
management plans for critical
watersheds and river basins
Reinforce hio-engineering
and engineered road
construction to minimize the
risk of landslides and loss
and soil

Promote effective and
efficient irrigation (drip
irrigation, terrace farming
to conserve water in the
watershed)

Promote ecological
restoration programme
(particular focus on wetland
and floodplain conservation
and restoration)

Launch afforestation and

reforestation activities
to increase the canopy

to reduce raw
water quality

production wells, boreholes;
rainwater harvesting, solar lifting)

supply and sanitation,
faecal sludge

and pose risks to management, and e Design flood control infrastructure coverage in the catchment
drinking water multiple water use (protection to riverbank erosion, area of irrigation, water
quality even with systems improvement of cross-drainage supply, and hydropower

conventional e  Document and promote structure) e Integrate all the forms of

treatment, due
to interacting

climate-resilient
indigenous practices

Expand hydrological and
meteoroidal network to improve

water cycles in technological
interventions (surface and

factors: of water management spatial coverage (particular focus groundwater, freshwater
increased and integrate them into to more stations in mountainous storage as snow and glaciers,
temperature; advanced technology watersheds and river basins) of water quantity and quality,
increased and practices hydro-climatic information land use systems, soil class,
sediment, e Adopt adaptive land use topography, ecosystems, etc.)
nutrient, and management (particular focus on Launch initiatives to drain
pollutant flood plain farming and farming glacier lakes particularly of

loadings from
heavy rainfall;
increased
concentration
of pollutants
during droughts;
and disruption
of treatment
facilities during
floods

according to change in agro-
ecological regions)

Develop glaciers and glaciers
lake monitoring infrastructures/
mechanisms throughout the
mountainous regions of Nepal
lake monitoring infrastructures/
mechanisms throughout the
mountainous regions of Nepal

Sectoral Report: Water Resources and Energy

all the vulnerable and risky
glaciers

Scale-up community-
based water resources
management to address the
issues of water security and
equip the communities with
technology and practices to
manage the too much and
too little water
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Risk and Vulnerabilities Short-term (1-5 years) Medium-term (1-10 years) Longer-term (1-30 years)

Policy, Institutional, and Capacity building

e Develop capacity to e Encourage local government, J
adopt improved impact- the provincial government, and
based forecasting relevant stakeholders to develop
systems in risk-prone and implement climate-resilient
water bodies (glacier, watershed, wetland, and river
rivers, streams) and basin management plans. J
Improve access to Examples include promoting
early warning systems community/ecosystem-based
and response systems adaptation plans at various scales

e Develop institutional e Build capacity of water J
capacity to carry out user groups, soil, and water
systematic monitoring management group, community
of hazards using remote forestry group to integrate climate
sensing tools and resilience in their optional plan,
support to improve the annual plan, etc.
climate forecast system ¢  Design safe shelters in flood-

e  Develop network- prone areas (elevated permanent
based communication shelters — priority to poor people)
systems (priority to based on the flood risk mapping  *
radio, mobile phone, e Ensure data collection and
and internet) to provide sharing on availability of water
timely information on resources (rainfall, snowfall,
the potential threat and reservoir storage, river
risks from climate- discharges, groundwater potential
induced hazards and levels, water quality, etc.)

e Develop guidelines e  Reinforce water use regulations

Raise awareness in gender
equity and climate change
impact on water resources
through education and other
events

Provide financial incentives
for the water users (tax
reduction and provision of
subsidies)

Ensure water right trading
system at the local level
(establish the rules to
share water among water
users and support to those
who suffer from water
scarcity by compensation,
insurance, and cross-
subsidies provision)
Promote insurance
including index-based
weather insurance
schemes, catastrophe
bonds, and revolving funds
Develop investment plan for
efficient use of existing and
future water storage options

for regular repair and agreements between e Promote integrated water
and maintenance of the water users and local resource management
water services and governments plan and programme

infrastructures
Improve access of
local and provincial

Regularize plan and policy for
groundwater utilization at the
municipal level and to control

implementation considering
all water-related sectors
(flood control, water supply,

over the extraction

Establish a mechanism for

upstream and downstream

linkages and knowledge sharing
Implement the integrated river

basin management strategy and  °
plan

Develop bankable projects for
accessing the fund, including
UNFCCC funds (GCF, AF, LDCF) on
addressing climate change issues

governments to hazard
and vulnerability J
mapping Enhance
knowledge using
appropriate climate J
change projection
downscaling tools

e  Ensure compliance of e
water tariffs to sustain
financially the water
users committee and
improve their access to
water management

e  Adopt and promote
disaster planning
and preparedness
programs and disaster
contingencies funds

e Establish the water
management agencies
in every watershed and
river basin to monitor
the activities in the
watershed /river basin

and sewerage, irrigation
water, industrial water,
water for power generation,
water for environment
improvement, etc.)

Ensure provision of payment
for ecosystem services

in programme design and
implementation

Establish a climate change
research center as per
climate change policy

to foster research and
development on climate
change issues, impact,

and adaptation solutions

in the context of mountain
ecosystems
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Table 41: Lists of Adaptation Options for Energy Sub-sector

Risks and Vulnerabilities Short term (2025) Medium-term (2030) Long Term (2050)

Glaciers across U
Nepal, are
retreating, leading
to changes in
future hydrological
regimes.
e Therisk of glacial
lake outburst
floods (GLOFs)
and landslides
are increasing,
putting both existing
and planned
hydropower plants e
at risk
e  Theimpact of
increase/decrease
in average water
availability will
lead to increased/
reduced power
outputs
e Thechangesin
seasonal and inter-
annual variation o
in inflows (water
availability) will
shift in seasonal
and annual power
output; floods and
lost outputin the
case of higher peak
flows o
e The extreme
precipitation
causing floods will
have direct and
indirect (by debris
carried from flooded
areas) damage to
dams and turbines,
lost output due to
releasing water
through bypass
channels o
e Socio-economic
disparity further
restricts poor
and marginalized
households to
access clean
energy sources
thus increasesthe e
sensitivity of the
population

Enhance a

more detailed
understanding of
changes in the U
hydrological cycle
and its uncertainty.
Also analyzing

future risks on
infrastructure

(dams and J
hydropower

plants, roads, and
transmission lines)
Sensitize private
sector, investors,
developers,

and respective
technical staffs J
and workers of
hydropower sector

on potential risks

and vulnerabilities

of climate change

on hydropower
Improve the
efficiency and .
coverage of
transmission

and distributions

line systems to J
minimize the
electricity losses
Enhance and

improve the early
warning systems

for water/climate- o
induced disasters
Amend/improve

EIA guidelines to J
include climate risk
and vulnerability
assessment and
suggestion of
adaptation options
Supportin .
developing disaster
risk management

and climate change
adaptation plans

for vulnerable

areas surrounding
hydro-plants

Promote second-
generation hiofuels
(particular focus on ©
non-food biomass)
and other clean
energy sources

Promote underground
distributions system of
hydroelectric lines

Promote flood modelling,
dam-break modelling, and
extreme values analysis
techniques using appropriate
tools to protect the hydro- J
electric plants

Develop dam safety plans

and promote the use of safety
measures and equipment
Diversify the energy mix by

the use of renewable energy
sources and technologies:
Biomass, Solar, Wind and
Water Mills

Ensure the climate-resilient
design and construction of
energy facilities, including

good site selection for energy
infrastructure, effective
permitting, licensing, .
standards regulation regimes,
and enforcement

Establish the off-grid solar
systems and roof-top solar
systems in institutions and
homes .
Enforce the energy-efficiency
standards and regulations

for electrical appliances/
cookstoves, licensing, 3
permitting, monitoring, and
regulation of energy projects
Develop low head, peaking
run-of-river hydroelectricity
schemes.

Create “green” buffers J
around transmission and
distribution infrastructure to
reduce tree contacts with
sagging lines due to extreme
temperatures

Support in setting up high-
resolution climatic and hydro-
meteorological scenarios for
each dam site and for the J
river basin they belong to, in

a way that they can be easily
accessed and understood

by the electric utilities’
management and by all other
users within the basin.
Supportin the design of

specific climate services to
provide accurate projections

of the relevant indicators in

an accessible format

Sectoral Report: Water Resources and Energy

Minimize the seasonal
fluctuation of hydropower
generation potential through
improvements in system
management (implement the
watershed management plan
and use of weather forecasts)
Ensure reservoir operation,

to adjust rule curves by the
climate change in different
periods for the smooth
operation and production.
Similarly, climate-proof
infrastructure by increasing
the height of the dam,
reducing the annual sediment
inflow to the reservoir,
utilizing the unwanted spill,
and modification of existing
spillways to increase
discharge capacity Fuse-gate/
plugs

Explore alternatives for
maximizing the use of
hydropower facilities
(particular focus on the
potential of Pump-Storage
Hydroelectricity (PHP))
Maintain ecological corridors
(particular focus on the
enhancement of fish passage
in hydropower dams

Identify the spots for a
reservoir in every river

basin and develop relevant
infrastructure to control the
sediment and regularize the
river flows

Promote the set of engineering
options to manages dam spills.
Spillways design shapes
include chute spillways,
stepped spillways, bell-mouth
spillways, syphon spillways,
ogee crests, side channels,
labyrinth spillways, and piano-
key weirs (PKW).

Ensure the Gated systems

are part of the dam design
which are a series of gates
installed along the dam wall or
around bell-mouth spillways
that can be opened to manage
the reservoir’'s water level

and in particular to release
downstream excess water
volume in case of flooding
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Risks and Vulnerabilities Short term (2025) Medium-term (2030) Long Term (2050)

Policy, Institutional, and capacity
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Raise awareness of ¢
stakeholders and
help to prepare a

plan for responding
to the impacts of
climate change in
terms of increased
climate-induced
hazards (floods,
sediments, GLOFs,
LDOFs) o
Design capacity
building training

for sources,
production, and

use of renewable
energy (particular
focus on biomass,
solar, and wind)
Develop legal
measures to U
encourage

insurance of
infrastructure,
property, and

people

Enhance disaster
contingencies

funds for

addressing climate
change issues in

the energy sector
Conduct studies

on the impacts of
climate change

on alternative

energy sources

and the benefit of
renewable energy

to reduce climate
change

Consider climate
change into
long-term power
generation plans

Enhance the capacity of
women and marginalized
groups in the selection

of alternative energy and
energy-efficient technology to
support livelihoods

Define property rights and
land tenure security for the
hydropower producers and
biomass production
Promote the implementation
of the renewable energy
programme at the municipal
level, and build capacity at
the local level

Develop guidelines for
biomass use as renewable
energy without affecting the
forest and ecosystem; and
use of agricultural residue
Develop climate-resilient
guidelines in the energy
sector to ensure climate
change is considered of
hydropower plants, dams,
transmission lines, and other
infrastructures

LVuInerabMty and Risk Assessment and Identifying Adaptation Options

Implement ecosystem-based
adaptation management plan
and programme to enhance
renewable energy use and
restore water resources
Conduct studies on dam
break analysis and flooding
in hydropower and make

a preparedness plan
accordingly

Incentivize consumers through
reduction of electricity unit
price and promote the use

of electrical appliances in
households

Integrate the climate risk into
energy planning and decision-
making processes, improve
climate data collection and
management, strengthen
capacity for forecasting and
climate risk analysis



Risks and Vulnerabilities Short term (2025)

Glaciers across
Nepal, are retreating,
leading to changes
in future hydrological
regimes.

e Therisk of glacial
lake outburst
floods (GLOFs)
and landslides are
increasing, putting
both existing and
planned hydropower
plants at risk

e  Theimpact of
increase/decrease
in average water
availability will lead
to increased/reduced
power outputs

e Thechangesin
seasonal and inter-
annual variation
in inflows (water
availability) will shift
in seasonal and
annual power output;
floods and lost output
in the case of higher
peak flows

e The extreme
precipitation causing
floods will have
direct and indirect
(by debris carried
from flooded areas)
damage to dams and
turbines, lost output
due to releasing
water through bypass
channels

e Socio-economic
disparity further
restricts poor
and marginalized
households to access
clean energy sources
thus increases the
sensitivity of the
population

Enhance a more

detailed understanding
of changes in the
hydrological cycle and
its uncertainty. Also
analyzing future risks

on infrastructure (dams
and hydropower plants,
roads, and transmission
lines)

Sensitize private sector,
investors, developers,
and respective technical
staffs and workers of
hydropower sector

on potential risks and
vulnerabilities of climate
change on hydropower
Improve the efficiency
and coverage of
transmission and
distributions line systems
to minimize the electricity
losses

Enhance and improve the
early warning systems for
water/climate-induced
disasters
Amend/improve EIA
guidelines to include
climate risk and
vulnerability assessment
and suggestion of
adaptation options
Supportin developing
disaster risk management
and climate change
adaptation plans for
vulnerable areas
surrounding hydro-plants
Promote second-
generation biofuels
(particular focus on non-
food biomass) and other
clean energy sources

Medium-term (2030)

Promote underground
distributions system of
hydroelectric lines
Promote flood modelling,
dam-break modelling,
and extreme values
analysis techniques using

appropriate tools to protect

the hydro-electric plants
Develop dam safety plans
and promote the use of
safety measures and
equipment

Diversify the energy mix
by the use of renewable
energy sources and
technologies: Biomass,

Solar, Wind and Water Mills
Ensure the climate-resilient

design and construction of
energy facilities, including
good site selection for
energy infrastructure,
effective permitting,
licensing, standards
regulation regimes, and
enforcement

Establish the off-grid solar
systems and roof-top solar
systems in institutions and
homes

Enforce the energy-
efficiency standards and
regulations for electrical
appliances/ cookstoves,
licensing, permitting,
monitoring, and regulation
of energy projects

Develop low head, peaking
run-of-river hydroelectricity

schemes.

Create “green” buffers
around transmission and
distribution infrastructure
to reduce tree contacts
with sagging lines due to
extreme temperatures

Long Term (2050)

Sectoral Report: Water Resources and Energy

Minimize the seasonal
fluctuation of
hydropower generation
potential through
improvements in

system management
(implement the
watershed management
plan and use of weather
forecasts)

Ensure reservoir
operation, to adjust

rule curves by the
climate change in
different periods for

the smooth operation
and production.
Similarly, climate-

proof infrastructure by
increasing the height of
the dam, reducing the
annual sediment inflow
to the reservoir, utilizing
the unwanted spill, and
modification of existing
spillways to increase
discharge capacity
Fuse-gate/plugs

Explore alternatives for
maximizing the use of
hydropower facilities
(particular focus on

the potential of Pump-
Storage Hydroelectricity
(PHP))

Maintain ecological
corridors (particular
focus on the
enhancement of fish
passage in hydropower
dams

Identify the spots for

a reservoir in every
river basin and develop
relevant infrastructure to
control the sediment and
regularize the river flows
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Risks and Vulnerabilities Short term (2025) Medium-term (2030) Long Term (2050)

Policy, Institutional, and capacity
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Raise awareness of
stakeholders and help
to prepare a plan for
responding to the impacts
of climate change in
terms of increased
climate-induced hazards
(floods, sediments,
GLOFs, LDOFs)

Design capacity building
training for sources,
production, and use

of renewable energy
(particular focus on
biomass, solar, and wind)
Develop legal measures
to encourage insurance
of infrastructure,
property, and people
Enhance disaster
contingencies funds

for addressing climate
change issues in the
energy sector

Conduct studies on

the impacts of climate
change on alternative
energy sources and the
benefit of renewable
energy to reduce climate
change

Consider climate change
into long-term power
generation plans

Enhance the capacity of
women and marginalized
groups in the selection

of alternative energy and

energy-efficient technology

to support livelihoods
Define property rights and

land tenure security for the
hydropower producers and

biomass production

Promote the implementation

of the renewable energy

programme at the municipal

level, and build capacity at
the local level

Develop guidelines for
biomass use as renewable

energy without affecting the

forest and ecosystem; and
use of agricultural residue
Develop climate-resilient
guidelines in the energy
sector to ensure climate
change is considered of
hydropower plants, dams,
transmission lines, and
other infrastructures

LVuInerabMty and Risk Assessment and Identifying Adaptation Options

Implement ecosystem-
based adaptation
management plan and
programme to enhance
renewable energy

use and restore water
resources

Conduct studies on
dam break analysis
and flooding in
hydropower and make
a preparedness plan
accordingly

Incentivize consumers
through reduction of
electricity unit price
and promote the use of
electrical appliances in
households

Integrate the climate
risk into energy planning
and decision-making
processes, improve
climate data collection
and management,
strengthen capacity for
forecasting and climate
risk analysis



Chapter 10

Conclusions and
Recommendations

10.1 Conclusions

The Climate Change Vulnerability and Risk Assessment (VRA) was conducted
according to the conceptual framework of IPCC-AR5 and the Government of
Nepal. In this, the risk of climate change is the function of hazard, exposure,
and vulnerability; and the vulnerability is the inverse relationship between the
degree of sensitivity and adaptive capacity. In the analysis, the biophysical
and socio-economic processes (including GESI and governance) have been
considered as cross-cutting issues. Thus hazard, exposure, sensitivity, adaptive
capacity, vulnerability, and risk are the six components of the VRA process. In
the assessment, the impact of climate change on the water resources sector
of Nepal has been analyzed based on published reports and journal articles and
the findings have been triangulated with other findings. After which the most
relevant indicators were identified.

The studies show an increase in temperature, as stated by the trend analysis
of the past observed data; however, there were no significant trends in
precipitation. The future downscaled climate data have shown an increase
in both temperature and precipitation under RCP 4.5 and RCP 8.5 scenarios,
Similarly, water availability is projected to increase in the future by both
projected scenarios RCP 4.5 and RCP 8.5. However, water availability at some
sub-basins will decrease in the future, which will impact water security at the
local level

Considering the impact of climate change in the sub-sectors, the indicators of
exposure, sensitivity, and adaptive capacity have been identified by taking the
indicators. In this assessment, there are 20 indicators in hazard, 30 indicators in
exposure, 35 indicators of insensitivity, and 20 indicators in adaptive capacity.
All the data for the indicators, including the sub-indicators, have been collected
at the district level. The primary sources of data are governmental agencies,
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particularly from the departments and divisions of the Ministry of Energy Water Resources and
Irrigation (MOEWRI) and other governmental line agencies.

The processed data of the indicators are normalized by scaling from 0 to 1 to the original values
of the indicators. The indicators are then composited element-wise by applying the weights
received from the expert survey; then composited to sub-sector-wise and to the overall sector
for the VRA components separately. In this way, the rank of the districts, provinces, and
physiographic regions are determined separately for the VRA components, where the rank
classes have been conducted using the ‘Jenks Natural Break’ method. Based on the results
of vulnerability and risk rank, associated literature, and provincial consultation meetings, the
possible adaptation options have been identified and listed in this final report.

For the hazard rank analysis, two climatic variables - change in precipitation and temperature;
eights climate extreme events - change in extreme and very wet days, in the number of rainy
days, consecutive wet and dry days, warm days and nights, and warm spell duration; Overall, the
result shows that the dominant climate-induced hazards for making higher risk are snowstorm
areas, landslide occurrences, floods/flash floods occurrences, and prone areas, and GLOFs.
The districts at very high hazard rank at baseline scenario are Chitwan, Kailali, Kaski, Mahottari,
Morang, Rautahat, Saptari, Sarlahi, and Solukhumbu.

The districts at very high exposure ranks are Dang, Dhading, Dhanusha, Gorkha, llam, Jhapa,
Kapilbastu, Kaski, Kathmandu, Morang, Rupandehi, Sankhuwasabha, Sindhupalchok, and
Solukhumbu in comparison to other districts of Nepal. Overall, the result shows that the
dominant indicators for making the districts at higher exposure rank are an area of glaciers;
water availability as groundwater flow, net water yields and total water at rivers; drainage
length; the number of irrigation canals; the total area of agricultural lands, potential irrigable
lands and non-irrigated agricultural lands; total number of the male and female population; the
number of hydropower plants; length and capacity of both transmission and distribution lines;
and households dependency on sources of traditional energy for cooking.

The districts at a very high sensitivity rank are Arghakhanchi, Baglung, Baitadi, Bajura, Dailekh,
Dhading, Dolakha, Gorkha, Gulmi, Jumla, Kailali, Morang, Myagdi, Okhaldhunga, Sindhupalchok,
Solukhumbu, and Western Rukum in comparison to other districts of Nepal. Overall, the result
shows that the dominant indicators for making the districts at higher sensitivity ranks are trends
of change in groundwater flow and net water yields; drainage density; the average slope of the
topography; area of loamy soils; area of the lake, river bed and snow cover; the trend of change
in barren lands; households depend on tube well/hand pump and covered well/kuwa; drinking
water demand and supply status; irrigation water used from pond/lake; sex ratio (male by 100
female); children population (boys and girls); the number of hydropower plants by capacity and
by water conveyance systems; the number of under construction and under survey hydropower
plants; the number of hydropower plants owned by the private sector; and many households
depend on wood/firewood for cooking.

The districts with very high adaptive capacity rank are Kaski, Kathmandu, and Sankhuwasabha,
whereas the districts are very low adaptive capacity rank are Baitadi, Bajhang, Bajura, Dailekh,
Darchula, Dolpa, Eastern Rukum, Humla, Jumla, and Okhaldhunga in comparison to other
districts of Nepal. Overall, the result shows that the dominant indicators for making the districts
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at higher adaptive capacity ranks are trends of reforestation/afforestation for water conservation;
trends of terrace farming for water retention; access to climate information; the number of
wetlands conservation initiatives; total usable water for irrigation; number of bio-engineering
practices; agricultural land with operational irrigation systems, Gender Development Index
(GDI); and electrification coverage status.

The vulnerability rank analysis has been carried out by subtracting the composite adaptive
capacity value from the districts from the composite sensitive value of respective districts.
Thus, the vulnerability analysis is entirely based on the analysis results of sensitivity and
adaptive capacity ranks. The overall result shows that the districts at very high vulnerability
ranks are Arghakhanchi, Baglung, Baitadi, Bajhang, Bajura, Dailekh, Darchula, Dolpa, Eastern
Rukum, Gulmi, Humla, Jumla, Okhaldhunga, and Western Rukum; whereas the districts at
very low vulnerability ranks are Achham, Banke, Bara, Bardiya, Bhaktapur, Dadeldhura, Dang,
Dhankuta, Kathmandu, Parsa, Rautahat, Saptari, Sarlahi, Sindhuli and Sunsari in comparison to
the districts of Nepal.

The vulnerability assessment of the watershed and sub-river basin shows that most of the
watersheds in Bagmati Province, Gandaki Province, Lumbini Province, Karnali Province, and
Sudurpaschim Province are highly vulnerable. Furthermore, the result shows that the sub-
basins of the Karnali river basin have a higher vulnerability to climate change impacts

The risk rank analysis was carried out by compositing the hazard, exposure, and vulnerability
value of respective districts; thus the risk analysis is based on the analysis results of hazards,
exposure, and vulnerability ranks. The overall result shows that the districts at very high-risk
rank are Chitwan, Dhading, Gorkha, Kailali, Morang, Sindhupalchok, and Solukhumbu; whereas
the districts at very low-risk rank are Arghakhanchi, Bardiya, Bhaktapur, Dadeldhura, Dhankuta,
Eastern Rukum, Kathmandu, Lalitpur, Parasi, Salyan, and Terhathum. The projected scenarios
show that Morang, Solukhumbu, Sindhupalchok, Dhading, Gorkha, and Kailali are the common
districts in all four future projected scenarios—RCP 4.5 and RCP 8.5 in the 2030s and 2050s—
that are at very high-risk rank; whereas, Dhankuta, Kathmandu, Bhaktapur, Salyan, Bardiya,
and Dadeldhura are the common districts that are at very low-risk rank in comparison to other
districts of Nepal.

The baseline risk of climate change impact In the watershed and sub-river basin shows that
few watersheds in Province 1, Bagmati Province, Gandaki Province, Sudurpaschim Province
are impacted by climate change. In addition, for sub-basin level risks, the findings show that
Province One, Gandaki Province, Karnali Province, and Sudurpashim Province are impacted.
The watershed level risks analysis shows that in RCP 4.5 in 2030, except Karnali Province, all
other provinces will be experiencing risks of climate change impact. The risks of climate change
impact will be extending to all the provinces in RCP 8.5 in 2030. Besides, in 2050, the risks of
climate change impact on watersheds will be severe. However, in RCP 8.5, in 2050, there will
be a slight decrease in risks of climate change impact. In terms of sub-basin level risk, the
findings show that in RCP 4.5 in 2030, the risks of climate change will be higher in Province
One, Bagamati Province, Gandaki Province, and Karnali Province. Besides, in RCP 8.5, the risks
of climate change impact will be higher in additional provinces such as Province 2 and Lumbini
Province. In 2050, under both scenarios, the risks of climate change impact will be higher in
Province 2, Bagmati Province, Gandaki Province, Lumbini Province, Karnali Province, and parts
of Sudurpaschim Province.
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The adaptation options listed for the sub-sectors are proposed to address the adverse impact of
climate change. The adaptation options were identified through literature review, consultation
with provincial and local level stakeholders, and suggestions from the experts and Thematic
Working Group (TWG) members.

The key priority adaptation strategies required for the water resources sector are — a) promote
Integrated River Basin Management (IRBM) approach and modalities for total available resource
accounting, addressing climate adversities (high seasonal fluctuation of river flow; risks from
climate-induced disasters; spatial and temporal water scarcity) and maximizing benefits
(hydropower, food security, irrigation, and water supplies); b) enrich the spatial coverage of the
hydro-metrological measurements and monitoring stations in every district, particularly focused
on the mountainous region of Nepal; c) evaluate the water availability in every watershed, river
basin, sub-basin and Palika with robust modelling activities and map the floods risk zoning for
all the river systems of Nepal; d) and promote and develop water recharge, retention, and reuse
interventions to conserve/preserve and equitable distribution among the beneficiaries for the
water security.

The energy sector is another important sector for generating adaptation and mitigation co-
benefits and important for building resilience and security of the energy sector. The key
adaptation strategies in the sector are:

e Enhance a more detailed understanding of changes in the hydrological cycle and its
uncertainty. Also analyzing future risks on infrastructure (dams and hydropower plants,
roads, and transmission lines);

e Ensure reservoir operation, to adjust rule curves by the climate change in different periods
for the smooth operation and production. Similarly, increase the height of the dam, reducing
the annual sediment inflow to the reservoir, utilize the unwanted spill, and modify existing
spillways to increase discharge capacity fuse-gate/plugs;

e Diversify the energy use opportunities by identifying relevant sources of energy based on
the geographical location, locally available resources and minimizing the environmental
degradation; and

e Ensure the public and private partnership for promoting renewable energy technologies and
make them accessible to everyone and every corner.

One of the major challenges of climate-induced hazards will be potential implications for the
hydropower and irrigation sector. The seasonal variability (too much and too little water) will
impact hydropower efficiency and production. Besides, the government plan of river diversion
might also be impacted by the fluctuations in the river flow. Climate-induced disasters such as
floods, LDOF, landslides, GLOF will damage the infrastructure and impact energy generation
and large-scale irrigation. To protect the huge development investment in the sector, there is an
urgent need to increase awareness of hydropower developers/investors and the private sector
as a whole. This needs to be supported with policy instruments such as regulations to in-build
climate vulnerability and risk in the hydropower and irrigation design and adoption of necessary
risk mitigation measures in the sector.
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10.2 Recommendations

The following actions should be considered in the future, particularly to improve the VRA
assessments by eliminating the gaps listed below:

Increase the hydro-climate stations to have spatial and temporal (daily and hourly) hydrological
and meteorological data, which will help identify water availability more precisely in air, land,
and soill

Improve the data recording and management systems in a more disaggregated way based
on the nature of the data and according to the district, municipality, and ward level; which
will help conduct the VRA from a local context and will support the LAPA preparation
Improve the mechanism to access data for this kind of study, which will help expedite the
study works

The subsurface hydro-geological study should be conducted through the country to have
more precise and spatially well-covered information of groundwater level and quantity, and
to have soil classes with heterogeneous information including soil properties

Improve the information on snow, ice, glaciers, and glacier lakes by numbers, covered
area and volume to the quantity, and study of retreat trends; to help conduct the study of
the mountain region more precisely to evaluate the climate change impact and status of
freshwater storage in the mountains

Conduct a rigorous and robust study on bio-mass availability, on its sources and consumption
pattern in the country, which will help enhance this VRA assessment of the renewable
energy sub-sector by considering the climate change
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Annexes

Annex 1: Summary findings of provincial consultation

Province 1

Mountain: The participants during consultations and the communities during field visits
identified that snowfall, irregular rainfall, and flood, melting of snow and glaciers, drying of
water springs, are the most common climatic extreme events in this province and region.
Impacts on water resources: drying leading to unavailability of water resources which led to the
migration of communities and failure of the infrastructures related to water resources services
are the major impact due to climate change.

Suggested adaptation options:

* Protection of water resources

e Develop necessary policy and regulations to respond effectively to climate change in a
mountainous region

e Promote water conservation technologies for the mountains

Hill: Temperature is in increasing trend leading to drought, extreme rainfall, and variability
with increased flood and landslide are most common stressors in the regions. The impact
can be seen as increasing energy demand, drying of water sources, impact on infrastructure
(hydropower stations, transmission lines, water pipes), and an increase in water demand is
contrary to the declining water yield and availability are the major impacts on this region.

Suggested adaptation options:

e Protect spring sheds and water bodies for drinking water

e Promote soil and water management schemes

e Promote water conservation and storage system (conservation ponds, water collection
ponds, water recharge system, water reservoirs)

e Develop longer-term sustainable water management plan in the context of climate change

* |nvestin big water storage and water recharge system in the hills to rejuvenate and recharge
the springs

e Carry out plantation activities

Terai: Temperature rise, Rainfall variability, and Disasters: flood, inundation, have been observed
throughout the year. The major impacts can be seen in the form of Water services are disrupted:
groundwater pollution, impact on water table: lower in many districts. Flood is taking life and
damaging infrastructure, agriculture is worse impacted due to damage to the irrigation system.

Suggested adaptation options:

e Formulate water regulatory policy and provisions

e Promote water-efficient technologies and water-saving schemes
e Promote water-efficient irrigation technologies
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Province 2

The participants during consultations and the communities during field visits identified that
the Water table is low due to degradation of churiya, Drying of water sprigs, and other water
sources e.g. streams, ponds, well, etc. Heavy rainfall in short duration, Increasing flood
incidence, Increasing temperature, and Massive loss of life and property are the most common
climatic extreme events in this province and region. Impacts on water resources: The drought
is impacting the agriculture sector production due to damage to the irrigation system and less
water, Depletion of water resources and lowering of the water table, rising of the river bed,
Massive loss of life and properties due to flooding and its damage on human life, settlements,
infrastructure, and services and the water demand is higher and access to water is low are the
most common impacts in this province due to climatic stressors.

Suggested adaptation options:

e Promote flood early warning systems

e Ensure proper drainage system Promote water conservation technologies for the mountains
e Promote churiya and watershed conservation in an integrated manner

e Establish water harvesting ponds, check dam spur and embankment

e Promote sustainable water management program targeting to conserve and manage water

Bagmati Province

The participants during consultations and the communities during field visits identified that
the Temperature increase leading to avalanches, GLOF, Changes in the growth cycle of crop
and plant species, Flooding and inundation, landslide and soil erosion, Drought, Emergence of
new diseases, Increasing extreme events are the most common climatic extreme events in
this province and region. Drying off of water resources, Damage to wetlands, Impact irrigation
infrastructure, loweringofthe watertable, risingoftheriverbed, damage, andfailure of hydropower
due to extreme events are the most common impacts in this province due to climate change.

Suggested adaptation options:
e |Implement early warning systems — fire, flash flood, and landslide if possible
e Promote climate-resilient watershed management plans

e Draining of dangerous GLOF

e Promote rainwater harvesting and other water conservation technologies

e Promote alternative energy practices

e Promote the management of wetlands

e Ensure infrastructure development follow climate resilience standards and codes

Promote water-efficient irrigation technologies

Gandaki Province

The participants during consultations and the communities during field visits identified that
the Rainfall variability leading to drying of water sources, Temperature rise leading to snow
melting — too much and too little water are an increasing trend and are observed changes
due to climate stressors in the past few years. With the temperature rise, increasing
observation of loss of snow in mountains, Decline in water resources leading toward
declining water cycle, Decline in the number of water resources available impacting irrigation
potential, Changing pattern of rainfall is leading toward the declining capacity of soil moisture
absorption, Impact on hydropower potential and solar energy production, Loss and damage
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of energy and infrastructure due to Flood, landslide, and inundation is the most commonly
observed impacts due to climate change throughout the year in this province within the sector.

Suggested adaptation options:

e Conservation of forest and biodiversity

e Planned irrigation plan formulation and its implementation

e Raise awareness on climate change and its impact on the public

e Ensure all policy-related provisions are systematically implemented

Lumbini Province

The participants during consultations and the communities during field visits identified that
the Landslide and floods, Increase in temperature, Rainfall variability is the most commonly
observed climatic stressors within the sector in this province. Drying of wetlands, less water in
the watersheds and catchment areas, Damages to irrigation facilities, Damage to hydropower
infrastructures, Damage to water sources, Damage to other infrastructures such as transmission
lines, irrigation canals, roads, suspension bridges, water catchment areas, ponds are the major
observed impacts due to climate change throughout the year in this province within the sector.

Suggested adaptation options:

e Promote wetland and watershed rehabilitation programs

e |mplement conservation of water through efficient technologies

¢ |Implement bioengineering and other sustainable soil and water management practices

e Promote rainwater harvesting and other water conservation technologies

e (Conserve and manage water resources and other critical infrastructures

e Protect water sources and arrange alternative drinking water

e |nvest in research and development particularly understanding water demand and other
issues impacted by climate change

e |Implement guidelines for making water resources and energy production infrastructure
more climate-resilient

Karnali Province

The participants during consultations and the communities during field visits identified that
the Increase temperature, Extreme weather events, Off seasonal snowfall, More rainfall,
Drought, Increased - Avalanche, GLOF, Flood-landslide, Epidemics, Cold waves, Thunderbolt
and Intense rainfall are the most commonly observed climatic stressors within the sector
in this province. Increased snowmelt rate, Geo-hazard increase, Depletion of water sources
are the Spring drying up, Spring relocation, Depletion of groundwater level are the major
observed impacts due to climate change throughout the year in this province within the sector.

Suggested adaptation options:

e Plantation of suitable plants.

e Research, development, and training to the local level
e Bio-fencing

e Multi-purpose water management

e |ift/alternative irrigation facilities

e Drought resistance cropping

e Dike construction

6. | Vulnerability and Risk Assessment and Identifying Adaptation Options
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Tree plantation

Develop long term policy and programs

Rainwater harvesting (common — pond and private in HH)
Policy to use the underground water resources.

Increase the electricity production

Sudurpashchim Province

The participants during consultations and the communities during field visits identified that the
Increase inriver flow due to the melting of snow, GLOF, Increase in temperature, Landslide, Fire,
Soil erosion, flood and inundation, Drought is the most commonly observed climatic stressors
within the sector in this province. Drying up of water sources used for drinking water and
irrigation, Depletion of groundwater level, Increase in land/air/water/noise pollution are the major
observed impact due to climate change throughout the year in this province within the sector.

Suggested adaptation options:

Use of lift irrigation system in the hilly region on river basin area

Promotion of sugarcane farming than rice farming in the flood-prone area
Awareness campaign

Formulation of regulation for balanced and proper utilization of groundwater
Effective implementation of environmental impact assessment (EIA)
Afforestation

Conservation of Chure area to preserve groundwater of terai area
Conservation of water sources

Construction of conservation pond

Promotion of alternative energy
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Annex 2: Thematic Working Group (TWG) Members and Sectoral
Experts for Priority Ranking

Desi natlon of Position at Associated
g Associated Institutions
Institutions

10

1

12

13

14
15

16

17
18

Ram Gopal Kharbuja
Chatur Bahadur Shrestha
Dinesh Shrestha
Baburaja Adhikari
Khilanath Dahal

Sujana Timilsina
Madhav Dev Aacharya

Hari Bahadur Khatri
Milan Dahal

Ananta Man Singh Pradhan
Surendra Man Shakya
Subash Tuladhar

Rana Bahadur Thapa

Tejendra Bahadur G.C.
Neha Basnet

Sailendra Guragain

Subash Ghimire
Devendra Adhikari
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Coordinator

Co-coordinator

Member
Secretary

Member
Member
Member
Member

Member
Member

Member
Member
Member

Member

Member
Member

Member

Member

Member

Ministry of Energy Water
Resources and Irrigation (VIOEWRI)
Ministry of Energy Water
Resources and Irrigation (MOEWRI)
Ministry of Energy Water
Resources and Irrigation (VIOEWRI)
Ministry of Energy Water
Resources and Irrigation (MOEWRI)
Ministry of Energy Water
Resources and Irrigation (VIOEWRI)
Ministry of Energy Water
Resources and Irrigation (MOEWRI)
Water Energy Commission
Secretariat (WECS)

Department of Electricity
Development (DoED)

Nepal Electricity Authority (NEA)
Water Resource Research and
Development Centre (WRRDC)
Groundwater Resources
Development Board (GRWB)
Department of Hydrology and
Meteorology (DHM)

Alternative Energy Promotion
Centre (AEPC)

Jalsrot Vikas Sanstha (JVS)

Jalsrot Vikas Sanstha (JVS)
Independent Power Producers’
Association Nepal (IPPAN)

Kathmandu University (KU)

Expert

Joint Secretary

Senior Divisional Engineering
Geologist (SDEG)

Engineer

Senior Divisional Engineer (SDE)

Senior Divisional Hydro-Geologist
(SDHG)

Hydropower Engineer

Senior Divisional Engineering
Geologist (SDEG)

Senior Divisional Engineer (SDE)

Manager

Senior Divisional Engineering
Geologist (SDEG)

Senior Divisional Hydro-Geologist
(SDHG)

SDH

Programme Officer

Manager
Programme Officer

Chairman

Department Head and Assistant
Professor
Independent Consultant



Experts for Priority Ranking of the Elements/Indicators

m“ Associated Institutions Position at Associated Institutions

10

"

12

13

14
15
16

17
18
19

20
21

22

23

24

25
26
21
28
29
30

31

Dr Aseem Sharma
Dr Khila Nanda Dulal

Dr Luna Bharati
Dr Maheshor Shrestha
Dr Nirman Shrestha

Dr Rocky Talchabhadel
Dr Santosh Nepal

Dr Saroj Karki

Dr Soni Pradhanang
Dr Subash Ghimire

Dr Sujan Koirala
Dr Vishnu Pandey
Mr. Ajay Adhikari

Mr. Ananta Man Singh Pradhan
Mr. Devendra Adhikari
Mr. Dinesh Shrestha

Mr. Hari Bahadur Khatri
Mr. Jebin Tamrakar
Mr. Khilanath Dahal

Mr. Manish Shrestha
Mr. Milan Dahal

Mr. Rana Bahadur Thapa
Mr. Subash Tuladhar

Mr. Surendra Man Shakya

Mr. Suresh Marahatta

Mr. Tejendra Bahadur G.C.
Mr. Utsav BhatTerai

Ms. Aakanchya Budhathoki
Ms. Anjana Timilsina

Ms. Neha Basnet

Ms. Sujana Timilsina

Natural Resources Canada
Hillside College of Engineering
International Water Management
Institute (IWMI)

Water Resource Research and
Development Centre (WRRDC)
International Water Management
Institute (IWMI)

Texas A&M AgriLife Research Center
at El Paso/ Texas A&M University
ICIMOD

Ministry of Physical Infrastructure
Development, Province-1, Nepal
University of Rhode Island

Kathmandu University (KU)

Max Planck Institute

for Biogeochemistry

International Water Management
Institute (IWMI)

Department of Water Resources
and Irrigation (DWRI)

Water Resource Research and
Development Centre (WRRDC)
Independent Expert

Ministry of Energy Water Resources
and Irrigation (MOEWRI)
Department of Electricity
Development (DoED)

MoEWRI

Ministry of Energy Water Resources
and Irrigation (MOEWRI)

ICIMOD

Nepal Electricity Authority (NEA)
Alternative Energy Promotion
Centre (AEPC)

Department of Hydrology

and Meteorology (DHM)
Groundwater Resources
Development Board (GRWB)
Tribhuvan University

Jalsrot Vikas Sanstha (JVS)
Water Modeling Solutions Pvt. Ltd.
Asian Institute of Technology
Institut Charles Quentin

Jalsrot Vikas Sanstha (JVS)
Ministry of Energy Water Resources
and Irrigation (MOEWRI)
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Research Scientist
Associate Professor

Principal Researcher
Executive Director
Researcher

Postdoctoral research associate
Climate and Hydrology Group Leader
Senior Engineer

Associate Professor

Department Head and Assistant
Professor

Senior Scientist

Researcher (Now Prof. at
Institute of Engineering, Pulchowk)

Project Director

Senior Divisional Engineering
Geologist (SDEG)
Independent Consultant

Engineer

Senior Divisional Engineer (SDE)

Senior Divisional Engineer
Senior Divisional
Hydro-Geologist (SDHG)
Hydrologist

Manager

Programme Officer

SDH

Senior Divisional
Hydro-Geologist (SDHG)
Assistant Professor

Manager

Senior Water Resources Modeler
Researcher

Teacher

Programme Officer

Hydropower Engineer
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Annex 3: Weightage of the Indicators, Elements, and Sub-sectors

Weights in the Exposure Component

1
2
3
4

5

24
25
26
21
28

29
30

e

Snow Cover Area

Number of Glaciers

Area of Glaciers

Area of Glacier Lakes

Ground Water Flow (as of Springs/
Streams)

Net Water Yields (as of Larger
Streams)

Drainage Length
Total Water Availability at Rivers
Lakes and Reservoirs Area

Wetlands Area

Number of Irrigation System
Number of Irrigation Canal
Length of Irrigation Canal

Total Area of Agriculture Land
Potential Area of Irrigable Land

Non-Irrigated Area of Agriculture
Land

Total Male Population

Total Female Population

Number of Hydropower Plants
Total Installed Capacity

Length of Transmission Lines
Capacity of Transmission Lines
Length of Distributions (Feeder)
Networks

Capacity of Distributions (Feeder)
Networks

Beneficiaries of Traditional Energy for

Cooking

Beneficiaries of Renewable Energy

for Cooking

Beneficiaries of Renewable Energy

for Lighting

Total Number of Pico/Micro/Mini
Hydropower

Total Capacity of Pico/Micro/Mini
Hydropower

Improved Water Mills
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0.262
0.242
0.242
0.254

0.265

0.257

0.223
0.255
0.515

0.485

0.348
0.329
0.323
0.342
0.345

0.313

0.494
0.506
0.485
0.515
0.493
0.507

0.493

0.507

0.330

0.337

0.333

0.333

0.341
0.326

Water as Snow
Cover and
Glaciers

Water as Flowing
Water

Water as Storage
Systems (Lake/
Wetlands)

Irrigation
Systems and
Infrastructures

Agriculture Lands
and Irrigation
Status

The beneficiary of
Water Services

Hydropower
Plants

Transmission
Lines

Distribution
(Feeder) Networks

The beneficiary of
Alternative Energy

Hydro as
Alternative Energy

0.326

0.348

0.326

0.335

0.338

0.327

0.360

0.323

0.317

0.501

0.499

Water
Availability
(Systems
and
Sources)

0.500

Water
Resources

Water
Services
(Demand,
Supply, and
Use)

0.500

Hydro-
power

0.520

Energy

Alternative
Energy
(Traditional
and
Renewable)

0.480

LVuInerab|l|ty and Risk Assessment and Identifying Adaptation Options

0.468



Weights in the Sensitivity Component

1

21

22

Trend of Change in Snow Cover Area

Trend of Change in Ground Water Flow
(as of Springs/Streams)

Trend of Change in Net Water Yields (as
of Larger Streams)

Drainage Density

Trend of Change in Total Water
Availability at Rivers

Trends of Change in Lakes and
Reservoirs Area

Trends of Change in Wetlands Area
Slope/Topography

Loamy 0.147

Loamy Skeletal  0.135

Loamy Boulder  0.135

Fragmental 0.136 Soil Class
Sandy (Texture) and
Lake Area 0.147 Area

River Bed 0.145

f\rr‘g;"’ Cover o158

Agriculture Land  0.217

Barren Land 0.188 Trend of
Ui b2 Ezl::(? El]Jes:ar}Land
Grassland 0.198 Cover Area
Savannas 0.186

Tap/Piped Water

Tube Well/Hand Pump
Covered Well/Kuwa
Uncovered Well/Kuwa
Spout Water
Rivers/Stream

Drinking-Water Supply and Demand
Status

Irrigation Supply and Demand Status
Average Age of the Irrigation System
Perennial 0.344 Type of Water
Pond/Lake 0.317 Sources used
Local Stream  0.339 for Irrigation
Operational 0.380 Fynctional
Under Status of
Construction liz5d Irrigation
Defunct 0282 Systems
Major 02%6
Large 0252 lrrigation

. Scheme Types
Medium 0.254 by Project Size
Small 0.238

0.260

0.250
0.228
0.262

0.515

0.485
0.335

0.319

0.346

0.169
0.168
0.161
0.160
0.169
0.173

0.511

0.489
0.241

0.258

0.261

0.240

Water as Snow
Cover and
Glaciers

0.252 0.532

Water as

Flowing Water 0263

Water as
Storage
Systems (Lake/
Wetlands)

0.248

Water
Availability
(Systems and
Sources)

Water

0.500 R
esources

Catchment

Characteristics 0237

Households
Dependency on
Main Sources
of Drinking
Water

0.262

Demand and
Supply (Surplus
or Deficit)
Status

0.254

Water
Service
(Demand,
Supply and
Use)

0.500

Irrigation
Systems and
Operations

0.252
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Sex Ratio (Male/Female) 0.136
24 Trend of Population Growth 0.142 GESI Status of
25 PWD Male 0.151 Beneficiaries of 0.232
26 PWD Female 0152  Water Services
27 Female-Headed Households 0.145
Boys (Below 19
years) 0237
Girls (Below 19
0.244
years) Children and
28 o AP 0.150
Senior Citizen Senior Citizen
0.258
(Male)
Senior Citizen
(Female) =

Dalit (Male) 0.246
Dalit (Female) 0.262 .
2 Eth 124
) Janajati (Male)  0.239 nicity 0
Janajati (Female) 0.253
30 Types of Hydro Plants by Capacity 0500  Type of Hydro

Types of Hydro Plants by Water plants (Total 0.346

& Conveyance Systems 0.500 Capacity)
. . Hydropower  0.520
Operational Status of Hydro Plants (Under Construction/Under
32 S 0.358
urvey)
33  Ownership Types (Capacity of Private Hydro Plants) 0.296 Energy 0.468
34 Households Depend on Wood/Firewood -, Dependency Alternative
for Cooking on Sources 0.507 Energy
45 Households Depend on Electricity for 0490 of Alternative ™ (Traditional ~ 0.480
Lighting : Energy and
36 Biomass Supply and Demand (Surplus or Deficit) 0493  Renewable)
k LVuInerab|l|ty and Risk Assessment and Identifying Adaptation Options
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Weights in the Adaptive Capacity Component

1

10

1"

12

13

14

15

16

17

18

19

20

Trends of Reforestation/

Afforestation to conserve water  0.505
(Change in forest cover)
Trends of Terrace Farming for
Water Retention (Change in 0.495
agriculture cover)
Dralpmg of glacier lakes and 0.487
monitoring plan
Access to climate information 0.513
Number of wetland conservation
N 0.331
indicatives
Environment/Climate Change 0.340
Relevant Budget
Number of management of
. . 0329

conservation pond and reservoir
Total Usable Water for Irrigation 0331
(Water-Use Potentials) ’
Total Usable Water for Drinking 0353
Water (Water-Use Potentials) '
Number of bioengineering
practices (Bio-Engineering 0.316
applications)
Registration of Water Users
Association (WUA) of Irrigation  0.199
Systems
Turnover of Water Users
Association (WUA) of Irrigation  0.191
Systems
Gross Command Area Covered
by Operational Irrigation 0.208
Systems
No. of Well-functional Drinking 0.205
Water Supply Schemes ’
Gender Development Index (GDI) 0.197
Hydropower Potentials (Total

. . 0.501
Generation Capacity)
Electrification Coverage Status  0.499
Biogas Plants Coverage by 0.485
Households
Solar Plants Coverage by
Households 0.515

Household Income/Per Capita Income

Water
Recharge,
Retention,
and Reuse
Intervention

0.332

Disaster
Prevention
Measures

0.341

Conservation/
Management
Plans and
Investments

0.327

Water
Conservation
Practices

0.510

Water Service
Systems
Management

0.490

Operation
Status of
Hydro Plants

Access to
Technology
of Alternative
Energy

0.507

0.493

Water

Availability
(Systems and 0.500
Sources)

Water
Resources

Water
Services
(Demand,
Supply and
Use)

0.500

Hydropower 0.520

Alternative
Energy
(Traditional
and
Renewable)

Energy

0.480

532

0.468
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Weightages in the Hazard Component based on Category

(SN [Indicator ___________________|Weight [Element ________[Weight ___|Categoy __|Weight |

1 Annual Precipitation 0.197
2 Monsoon Precipitation 0.210 L
. L Historical Trends of
3 Winter Precipitation 0.192 L i 0.490
. Climatic Variables
4 Maximum Temperature 0.204
5 Minimum Temperature 0.197
6 Extreme Wet Days 0.134
7 Very Wet Days 0.129
8 Consecutive Wet Days 0.126
9 Consecutive Dry Days 0.127 Historical Trends of 0510
10 Number of Rainy Days 0.123 Climate Extreme Events ’ .
Climate and
11 Warms Days 0.122 .
. Climate
12 Warm Nights 0.118 0.499
. Extreme
13 Warm Spell Duration 0.121
— . Events
14 Annual Precipitation 0.508 Future Scenarios of 0486
15  Average Temperature 0.492 Climatic Variables ’
16 Extreme Wet Days 0.133
17 Very Wet Days 0.131
18  Consecutive Wet Days 0.127
19  Consecutive Dry Days 0.129 Future Scenarios of 0514
20  Number of Rainy Days 0.123 Climate Extreme Events ’
21 Warms Days 0.121
22  Warm Nights 0.115
23 Warm Spell Duration 0.121
24 Heavy Rainfall 0.180
Occurrence 0.458
25 Snow Storm  0.155
Snowy Area 0.542
0 0.437
26 eeurrence Landslides 0.173
Prone Area 0.563
Occurrence 0.458 Flood/Flash
2 P A 0.542 Floods 0.181
rone Area b
Hazard Events 0.490
Occurrence 0.292 .
Potentiall Glacial Lak Climate-
nti i
e aciataie Induced 0.501
Dangerous Glacier ~ 0.375 Outburst
28 0.159 Hazard
Lakes Floods
Distance from 0333 (GLOFs)
Glacier Lakes ’
29  Avalanche 0.152
30  Number of People Death 0.261
31 Number of Injured People 0.245
Loss and Damage 0.510
32 Property Loss 0.245
33 Number of Affected Family 0.249
k LVuInerab|I|ty and Risk Assessment and Identifying Adaptation Options
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Weightages in the Hazard Component based on Sub-sectors

[SN | _indicatr | Weight | __Element | Weight| Category | Weight | _Sub-sector | Weight

Water Resources

1
2

14

15

16
17
18
19
20

Annual Precipitation
Average Temperature

Extreme Wet Days
Very Wet Days
Consecutive Wet Days
Consecutive Dry Days
Number of Rainy Days
Warms Days

Warm Nights

Warm Spell Duration
Heavy Rainfall

Occurrence 0.458
Snowy Area 0.542
Occurrence 0.437
Prone Area 0.563
Occurrence 0.458
Prone Area 0.542
Occurrence 0.292
Potentially 0.375
Dangerous

Glacier Lakes
Distance from  0.333

Glacier Lakes
Avalanche
Number of People Death

Number of Injured People

Property Loss

Snow
Storm

Landslides

Flood/Flash
Floods

Glacial
Lake
Outburst
Floods
(GLOFs)

Number of Affected Families

0.508
0.492

0.133
0.131
0.127
0.129
0.123
0.121
0.115
0.121
0.180
0.155

0.173

0.181

0.159

0.152
0.261
0.245
0.245
0.249

Future Change  0.486
Scenarios
of Climatic

Variables
Future Change
Scenarios of
Climate Extreme
Events

0.514

Hazard Events 0.490

Loss and 0.510

Damage
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SN[ ndicator | Weight | __Element | Weight | Category | Weight | Sub-sector | Weight

Energy

1
2

e

Annual Precipitation
Average Temperature

Extreme Wet Days
Warm Spell Duration

Heavy Rainfall

Occurrence 0.458 Snow
Snowy Area 0542  Storm
Occurrence 0.437 Landslides
Prone Area 0.563

Occurrence 0.458 Flood/Flash
Prone Area 0542  Floods
Occurrence 0.292 Glacial
Potentially 0375  Lake
Dangerous Outburst
Glacier Lakes Floods
Distance from 0333  (GLOFs)

Glacier Lakes

Avalanche

Number of People Death
Number of Injured People
Property Loss

Number of Affected Families

0.508
0.492

0.524
0.476

0.180
0.155

0.173

0.181

0.159

0.152
0.261
0.245
0.245
0.249

Future Change  0.486
Scenarios
of Climatic

Variables
Future Change
Scenarios of
Climate Extreme
Events

Hazard Events

0.514

0.490

0.510

Loss and
Damage

Climatic 0.499 0.468
Variables

and Climate

Extreme

Events

Energy

Climate- 0.501
Induced

Hazard
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Annex 4: WatRES District-wise Exposure, Sensitivity, Adaptive
capacity, and Vulnerability indices

Sudurpashchim
Lumbini
Gandaki
Sudurpashchim
Sudurpashchim
Sudurpashchim
Lumbini
Province 2
Lumbini
Bagmati
Province
Province 1
Bagmati
Province
Sudurpashchim
Karnali

Lumbini
Sudurpashchim
Bagmati
Province
Province 1
Province 2
Bagmati
Province
Karnali
Sudurpashchim
Lumbini
Gandaki
Lumbini

Karnali
Province 1
Karnali
Province 1
Karnali
Sudurpashchim
Karnali
Sudurpashchim
Lumbini
Gandaki
Bagmati
Province
Bagmati
Province

Achham
Arghakhanchi
Baglung
Baitadi
Bajhang
Bajura

Banke

Bara

Bardiya

Bhaktapur
Bhojpur
Chitwan

Dadeldhura
Dailekh
Dang
Darchula

Dhading

Dhankuta
Dhanusha

Dolakha

Dolpa

Doti

Eastern Rukum
Gorkha
Gulmi

Humla

llam
Jajarkot
Jhapa
Jumla
Kailali
Kalikot
Kanchanpur
Kapilbastu
Kaski

Kathmandu

Kavrepalanchok

7]
[-}]
o
-
=
o
(7]
[-}]
-
-
(1]
——
=

0.229
0.245
0.364
0.231
0.233
0.067
0.435
0.341
0.218

0.031
0.358
0.319

0.158
0.245
0.788
0.099

0.399

0.291
0.573

0.309

0.396
0.298

0.476
0.354
0.405
0.379
0.143
0.945
0.224
0.427
0.083
0.249
0.75

0.659

0.612

0.244

Energy: Exposure

0.275
0.195
0.602
0.402
0.391
0.037
0.433
0.421
0.401

0.168
0.225
0.656

0.268
0.207
0.602
0.365

0.8

0.128
0.687

0.742

0.08

0.187
0.06

0.787
0.263
0.004
0.83

0.289
0.826
0.111
0.724
0.326
0.49

0.459

0.824

0.624

WatRES Exposure

0.26
0.22
0.538
0.34
0.334
0.023
0.473
0.413
0.332

0.084
0.302
0.546

0.216
0.227
0.774
0.243

0.68

0.204
0.707

0.594

0.233
0.244

0.715
0.322
0.192
0.687
0.221

0.156
0.648
0.211
0.405
0.665
0.949

0.814

0.485

Water resources:
Sensitivity

0.42

0.599
0.404
0.186
0.626
0.496
0.082
0.151
0.002

0.15
0.234
0.149

0.253
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Annex 5: WatRES District-wise Hazard indices
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Annex 6: WatRES District-wise Risk indices
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Annex 7: WatRES subbasin exposure, sensitivity, adaptive capacity,
and vulnerability indices
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Annex 8: WatRES sub-basin hazard indices
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Annex 9: WatRES sub-basin risk indices
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