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The impacts of climate change on different sectors constitute a serious threat to Nepal’s
economy and society. The Government of Nepal (GoN) is committed to responding to
climate change risks and impacts through integrated policies and affirmative actions.
Nepal as a party to the United Nations Framework Convention on Climate Change
(UNFCCC), initiated the National Adaptation Plan (NAP) formulation process led by the
Ministry of Forests and Environment (MoFE).

The National Climate Change Policy (2019) identifies eight thematic areas and four
cross-cutting areas impacted by climate change. There is a pressing need to understand
where to invest and how. Without adequate information on risk and vulnerability, it will be
difficult to translate the policy into action. To plan and implement a successful adaptation
strategy, it is vital to understand the patterns of a changing climate, the impacts on
different sectors and communities, and, in particular, how they are likely to evolve in the
future.

NAP needs to be developed based on a strong scientific foundation and reliable
evidence. This includes data and information about how the climate has evolved in the
past and how it may alter in the future. To provide for this need, the MoFE has carried
out detailed Vulnerability and Risk Assessments (VRAs) in thematic areas identified by
the National Climate Change Policy and looked into vulnerability and risk contexts for
different sectors, municipalities, districts, geographies, and regions. The VRA framework
and methodology presented in the report are based on the Fifth Assessment Report
(ARS) of the Intergovernmental Panel on Climate Change (iPCC) and the NAP technical
guidelines.

This VRA report contributes to establishing a strong baseline for climate change
impacts, risks, and vulnerabilities in Nepal. In particular, it presents relevant information
on the impacts of climate change on the sectors, and exposure, sensitivity, adaptive
capacity, vulnerability, and risk. Besides, It also offers a range of adaptation options for
addressing the adverse impact of climate change in the respective sectors.

On behalf of MoFE, | appreciate the guidance and input provided by Dr. Radha Wagle,
Dr. Maheshwar Dhakal, all the members of the VRA Technical Committee, and the
Thematic Working Groups (TWGs). Also, | acknowledge the input provided by federal,
provincial, and local governments, national and international organization, community-
based organization, and communities. Besides, | highly recognize the funding and
technical support of the British embassy and Policy and Institutions Facility (PIF) /Oxford
Policy agement Limited.

Bishwa Nath Oli, PhD
Secretary

P.O.Box No.3987
Singha Durbar,Kathmandu

Secretary:- 4211567 Fax:- 4211868
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The Ministry of Forests and Environment (MoFE) has carried out detailed Vulnerabilit\) and Risk
Assessments (VRAs) in eight thematic areas, and one cross-cutting areas identified by the
National Climate Change Policy. The VRA assessed the vulnerability and risk contexts for
different sectors, municipalities, districts, geographies, and regions. Conducting a VRA is a
critical step in the preparation of the National Adaptation Plan (NAP) and implementation. This
VRA report contributes to establishing a strong baseline for adaptation planning and decision-
making. It summarises the information presented in the thematic and cross-cutting sectoral
VRA reports. Besides, it presents relevant information on the impacts of climate change on
thematic and cross-cutting areas, and exposure, sensitivity, adaptive capacity, vulnerability, and
risk. It also offers a range of adaptation options for addressing the adverse impact of climate
change in the respective sectors.

On behalf of the Climate Change Management Division (CCMD), | would like to extend my
appreciation to all the members of the Thematic Working Groups (TWGs) for providing
guidance and input in the VRA process. Also, | acknowledge the input provided by federal,
provincial, and local governments, national and international organization, community-based
organization, and communities.

Special thank goes to the technical committee members Raju Sapkota, Dr. Arun Bhatta, Srijana
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supported and facilitated the VRA process. We would also like to thank Hari Laudari, Yamnath
Pokharel, Muna Neupane, Milan Dhunganna, Surendra Pant, Narayan Rayamajhi, Ram P
Awasthi, Somnath Gautam, Srijana Bhusal, Apar Paudyal, Dr. Ram Prasad Lamsal, Dr. Pashupati
Nepal, Dr. Pashupati Chaudhary, Dr. Eak Rana, Rajan Thapa, Smriti Shah, Dr. Yadav Joshi, Gita
GC, Dr. Kalyan Gauli, Pabitra Gurung, Dr. Dilip Gautam, Basana Sapkota, Dr. Shiba Satyal
Banskota, Nilhari Neupane, Dr. Bhogendra Mishra, Regan Sapkota, Pratik Ghimire, Rojy Joshi,
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Neupane, and Prashamsa Thapa, who provided technical insights and were involved in
producing this report.
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Executive Summary

1. Context of the study

The Government of Nepal (GoN) recognizes the importance of Vulnerability and Risk assessment
(VRA) in adaptation planning and implementation. The main goal of this assessment is to help
Nepal’s National Adaptation Plan (NAP) process assess climate-related hazards, vulnerabilities,
and risks, as well as identify practical adaptation options at the municipal, sectoral, and provincial
levels. The Vulnerability and Risk Assessment (VRA) embraces eight thematic sectors, including
one cross-cutting sector identified in the National Climate Change Policy (2019), as well as
municipalities, 77 districts, seven Provinces, and five physiographic regions. However, due to a
lack of data, a comprehensive assessment was conducted for 293 urban municipalities and a basic
assessment for 460 rural municipalities.

The VRA process includes a framework and methodological steps that contribute to a
comprehensive picture of current and future climate extreme events, vulnerabilities and risks,
and related opportunities. This will serve as the foundation for developing adaptation strategies
and plans for the formulation of the National Adaptation Plan (NAP). The VRA process employs
a top-down and bottom-up assessment approach. To validate and make the process acceptable
to all, consultations were held across sectors, crosscutting areas, thematic working groups, and
government line agencies at all levels, Civil Society Organizations, youths, women, indigenous
groups, and other relevant stakeholders. National data and other government-approved data were
used as authentic sources for the VRA process.

2. Climate change trend and scenarios

According to a study conducted by the Department of Hydrology and Meteorology (DHM) on climate
trend analysis (2017), the annual maximum temperature trend is increasing by 0.056°C/yr, while
the minimum temperature trend is increasing by 0.002°C/yr, which is insignificant. The minimum
temperature is decreasing in a few mountainous districts such as Humla and Manang, while it is
increasing in the central Tarai region of Province two and the Middle Mountainous region across Nepal
from East to West. The increased maximum temperature is uniformly higher from East to West in
the mountainous districts and lowest in the Tarai districts. The Manang district experienced extreme
temperature conditions at both the minimum and maximum levels, as it has the fastest decreasing rate
of minimum temperature and the fastest increasing rate of maximum temperature. On the contrary, on
average, Nepal’s annual precipitation has declined by 1.3 mm per year over the observed period (i.e.,
1971-2014). According to a report released by the Ministry of Forests and Environment (MoFE) and the
International Center for Integrated Mountain Development (ICIMOD), average annual precipitation is
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expected to rise in both the medium-term (2030) and long-term (2050). Besides, the annual average
temperature will continue to rise. According to the study, average annual precipitation may increase
by 2-6 percent in the medium term (2016-2045) and by 8-12 percent in the long term (2036-2065). In
addition, the average temperature may rise by 0.92-1.07 °C in the medium term and 1.30-1.82 °C in
the long term. The post-monsoon season is expected to have the highest rates of mean temperature
increase (1.3-1.4°Cinthe medium-term and 1.8-2.4 °Cin the long-term) and the winter season (1.0-1.2°C
in the medium-term and 1.5-2.0 °C in the long-term). Furthermore, the study shows that seasonal
precipitation will rise in all seasons except the pre-monsoon, which is expected to fall by 4-5 percent in
the medium term. Besides, the post-monsoon season may have the greatest increase in precipitation
for the reference period, increasing by 6-19 percent in the medium term and 19-20 percent in the
long term. As a result, the extreme temperature and precipitation variations are likely to harm food
production, water resource management, and other livelihood resources.

3. Socio-economic trend and scenarios

Aside from physical factors, this study examines socioeconomic trends and scenarios. The analysis
reveals an increasing trend of key demographic factors which influence climate change and its
impacts, such as population dynamics (male and female population growth patterns and trends),
population density, urbanization trend, and the growth of female-headed households. According
to future projections, Nepal’s population will reach 34 million by 2031 and 42 million by 2050. From
the current urban population of 20 percent, the urban population will increase to 48 percent by 2051.
There will be an overall reduction in poverty at the national level, but projections indicate that the
rate of reduction will be slow in Province two. Furthermore, the projection shows a rapid increase
in male labour migration, primarily in Province two, Bagmati Province, and Lumbini Province.
The migration of young household members increases the sensitivity of those left behind (elderly
people, children, and women) and increases the number of female-headed households (de-facto
household head). If current trends continue, female-headed households will increase to 3.1 million
by 2051, up from 1.3 million today. These findings indicate that, as a result of demographic and
socioeconomic changes, future exposure and sensitivity to climate change will be greater, resulting
in increased climate change risks and vulnerabilities impacting the women and girls, Indigenous
Peoples, poor and marginalized households.

4. Observed impact of climate change

Overall losses and damages: In terms of disaster losses and damages, between 1971 and 2019, 647
people died in Nepal each year as a result of climate-induced disasters. Except for road accidents,
this accounts for approximately 65 percent of all disaster-related deaths. In 2001, the greatest
number of people died as a result of a climate-induced disaster. The average annual economic
loss is NPR 2,778 million, or about 0.08 percent of the FY2018/19 GDP (at the current price). During
the Tarai floods in 2017, the maximum economic loss of NPR 63,186 million occurred, accounting
for approximately 2.08 percent of the FY2017/18 GDP (at the current price). The most devastating
climate-induced disasters in Nepal are floods, landslides, epidemics, and fires. A comparison of
hazard-related deaths, population losses, and economic losses revealed that epidemics killed the
most people (52.8 percent), followed by landslides (16.7 percent), floods (12.7 percent), and the rest
of the hazards (17.8 percent). However, statistics show that floods affect approximately 71 percent
of the total affected population, followed by landslides (9.5 percent), epidemics (8.2 percent), and
others (10.9 percent). Furthermore, fires cause the most economic losses (56.6 percent), followed
by floods (31 percent), landslides (3.7 percent), and others (8.7 percent). It is predicted that the
losses and damages caused by climate-induced disasters will increase in the future. Besides, due
to the severity of climate-induced hazards, the economic and non-economic Loss and Damage
(L&D) will increase in the future. However, there are uncertainties in the attribution.
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Agriculture and food security: Climate change has had a wide-ranging impact on agriculture and
the people who rely on it. The direct economic cost of current climate variability in agriculture
is equivalent to 1.5 to 2 percent of the country’s GDP. A 2-4 percent annual drop in GDP due to
climate change will demand USD 2.4 billion in adaptation costs by 2030. Weather or meteorological
events increased temperatures, and hazards such as erratic rainfall, drought, and floods caused
by them account for approximately 90 percent of crop loss in Nepal. Climate change causes the
equivalent of 10 percent to 30 percent of production losses when crops, livestock, and fisheries
are combined. Drought is the most serious hazard which accounted for 38.9 percent of all losses
caused by weather and climate-related events between 1971 and 2007, while floods accounted for
23.2 percent. Rising temperatures have a negative impact on animal and fisheries weight gain,
reproduction, breeding patterns, feed intake, and conversion efficiency. They exacerbate heat
stress, morbidity, vector-borne diseases (such as ticks and flies), parasitic diseases (liver fluke and
nematodes), ectoparasite infestation, and new skin diseases in animals.

The findings revealed that changes in maximum temperature, minimum temperature, and
precipitation have a direct effect on major crop yield. Due to changing temperature and precipitation,
an IFAD study predicts a 6.77 percent decline in rice yield and a 5.66 percent increase in wheat yield
by 2050, and a 12.90 percent decline in rice yield and a 9.77 percent decline in wheat yield by 2080,
compared to 2011. Rice and wheat yields will decrease in the Tarai, while maize yields will increase
in Sunsari but decline in Banke and Rupandehi. Rice, maize, and wheat yields in the Hills will
decrease in 2070 compared to 2030. In the mountains, Jumla and Mustang will experience a decline
in rice yields while Solukhumbu will experience increase maize yields in 2070 compared to 2030,
while wheat yields will increase in Jumla but decline in Mustang and Solukhumbu. Although the
temperature rise has some positive effects in some parts of Nepal, the majority of the country will
experience decrease in productivity (both quality and quantity) of major crops including livestock
and fisheries, an increase in pest and insect populations, degradation, and loss of productive land,
and social and economic hardship for women, young, and marginalized farmers.

Forest, biodiversity, and watersheds: The vegetation and species range in Nepal's northern
mountains are shifting upward due to changes in temperature and precipitation patterns. Conifer
species such as Abies spectabilis, Betula utilis, and Pinus wallichiana have been observed
spreading upslope in almost every region of Nepal. Plant and tree species’ phenological cycles,
such as flowering, fruiting, and leaf shedding, are changing as a result of rising temperature
and precipitation variability. Rhododendron arboreum, Myrica esculenta (Kafal), and Alnus
nepalensis, for example, are now flowering 15 to 30 days earlier. Climate change is expected to
alter tree composition through vegetation shifts, phenological changes, and changes in functional
and physiological traits, affecting species-level floral diversity. Climate change is affecting the
availability and regeneration pattern of forests and Non-Timber Forest Products (NTFPs), according
to mounting evidence.

Alien plant species invasion and rapid expansion pose a significant threat to both wetland
and terrestrial species diversity, particularly fauna and endemic plant species. With the high
intensification of wetlands habitat and short grassland, the rapid expansion of Mikania micrantha
poses a threat to rhinoceros habitat in Chitawan National Park. Climate change is also a threat to
mountain fauna. Climate change, for example, is predicted to reduce snow leopard and blue sheep
habitat by 14.57 percent in 2030 and 21.57 percent in 2050 across Nepal from the current suitable
habitat (5,435 km?). There is also evidence that climate extreme events and variability are playing
a role in the degradation of wetlands and watersheds.

Tourism, Natural, and Cultural Heritage (TNCH): Nepal’s tourism industry is primarily focused on

nature. The changing length and quality of tourism seasons have direct impacts on the TNCH, while
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indirect impacts include loss of biodiversity, reduced landscape aesthetics, infrastructure damage,
including cultural heritage sites, and the presence or appearance of new water-borne diseases.
Furthermore, high mountains are expected to be more vulnerable to avalanches and Glacial Lake
Outburst Floods (GLOFs); hills to landslides, flash floods, and debris flow; and the Tarai lowlands
to floods and forest fires, all of which will have an impact on the TNCH sector. It has been reported
that a one percent increase in average maximum temperature leads to a 9.36 percent increase in
total tourism GDP. However, the same level of decrease in minimum temperature leads to a 3.66
percent decrease in total tourism GDP.

Water resources and energy: Changes in precipitation and temperature patterns, as well as
extreme events (such as floods and droughts), affect water availability and timing, prompting
water-related disasters. Floods, flash floods, and landslides are common in hilly areas in Nepal due
to the monsoon-dominated seasons. Total water availability in Nepal’s river basins will increase
in the near and medium-term. According to the analysis included in the 2019 Irrigation Master
Plan (DWRI), the impact of climate change on water resources analyzed for the medium term (the
2030s) and long term (2050s) projection of scenarios using Representative Concentration Pathways
(RCP) 4.5 and 8.5 shows that annual water availability parameters will increase in most districts
while decreasing in other. There are, however, spatial imbalances and temporal variations in water
availability.

Climate change has an impact on hydroelectricity production as well. Hydroelectric plants rely on
predictable run-off patterns and are thus vulnerable to climate change. Increased/decreased average
water availability will result in increased/decreased power outputs. Nepal’s electricity generation is
primarily based on run-of-river hydropower plants, and some river flows are insufficient to operate
critical hydropower plants during the dry season, a situation that will worsen as a result of climate
change. Climate variability’s impact on electricity production suggests that economic costs could
be equivalent to 0.1 percent of GDP per year on average, and 0.3 percent in extremely dry years.

Health, drinking water, and sanitation: Nepal has been experiencing risingtemperatures, fluctuating
precipitation, and extreme weather events. These have a significant impact on the seasonal and
temporal trends of Vector-Borne Diseases (VBDs), Water-Borne Diseases (WBDs), respiratory
diseases, food-borne diseases, nutrition-related diseases, injuries, and mental illnesses. It has
been discovered that 52 percent of the total population in Nepal is at risk of malaria, 87 percent
of Lymphatic Filariasis (LF), 54 percent of Japanese encephalitis, 30 percent of Kala-azar, and the
entire population is at risk of water, food-borne disease, and non-communicable diseases.

Theimpacts of climate change also increase the risks of cardiovascular diseases. A rise in hot and
cold average minimum and maximum daily temperatures are positively correlated with deaths
and heart disease morbidity. Water-related infectious diseases, such as diarrhoea, cholera, etc.,
are a major threat to mortality and morbidity worldwide and outbreak frequently occurs after a
severe precipitation event. A staggering 15 percent of post-natal deaths (first 59 months) in Nepal
occur due to diarrhoeal diseases.

Water availability and quality are being impacted by climate change. In Nepal, where precipitation
does hold significant ground for source yield, approximately 5 percent of water supply schemes
were discovered to be dry. In the mid-hill region, springs are the primary source of water. Despite
high demand, spring discharge has been steadily declining by 30 percent over the last 30 years.
The Tarai region of Nepal which is more prone to flooding has been experiencing health and
hygiene issues during disasters. Floods and landslides damage and disrupt infrastructures and
services in the health, drinking water supply, and sanitation systems, resulting in poorer sanitary
conditions, fecal contamination, and health disorders.
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Rural and urban settlements: Rural and urban settlements are primarily impacted by floods,
landslides, droughts, epidemics, heatwaves, coldwaves, and fire events. The consequences are
massive which include loss of lives, damages to property, physical and social infrastructures,
cultural heritage, impacts on markets, and increased economic burdens. The key factors which
can increase the risks and vulnerabilities in the sector are i) increasing rate of urbanization and
rapid urban growth beyond the carrying capacity with scarce urban infrastructure and provision
of urban services; ii) failure to integrate climate change in municipal policies and plans, and adopt
sustainable land-use plans; iii) uncontrolled structural design of houses and buildings in the
proximity to risk-prone areas; iv) a lack of affordable housing, which leads to squatter settlements
and urban slums; v) an increase in impervious land surface areas, insufficient drainage, and
increased surface runoff, resulting in urban flooding and inundation; and vi) non-compliance with
standard regulations and building codes during infrastructure construction. The urban population
is growing and will likely peak in the future, and how this is planned for and managed will have a
significant impact on the extent to which adaptation limits the costs of climate change.

Industry, transport, and physical infrastructure: Climate change has a significant impact on Nepal's
industry, transportation, and infrastructure sector. Extreme weather events and climate-related

disasters, such as floods and landslides, have posed a significant threat to the industry. Central
Nepal was hit by a massive cloudburst in 1993. It washed away six bridges on the Prithvi and
Tribhuvan highways, cutting off access to Kathmandu. For 21 days, the Kathmandu Valley was cut
off from the rest of the country (there was no land transport connection). In August 2000, a land
failure in Krishnabhir caused the closure of the main arterial road connecting Kathmandu to the Tarai
plains and thus to India for 11 days. Out of the 488 landslides reported in 2020, 59 occurred along
roadsides and 62 occurred on roads, obstructing vehicular flow. Every year during the monsoon, the
impact of climate change on roads grows due to landslides caused by rains and constant toe cutting
caused by flooding rivers. The studies show that climate-related loss and damage to the industry,
transportation, and physical infrastructure are expected to rise sharply in the future.

GESI, livelihood, and governance: Individuals, households, and communities are exposed to
varying levels of climate-induced hazards even within the same municipality, district, or locality.
Poverty, marginalization, and exclusion shape vulnerability and impacts in specific contexts. More
vulnerable are livelihoods and households with limited asset flexibility, as well as those who face
disadvantages and marginalization due to gender, age, class, race, (dis)ability, or ethnicity.

Women's and men’s experiences of climate stressors and impact differ due to existing gender
norms and practices. Women, girls and Indigenous Peoples (IPs) have been disadvantaged in
terms of access to information, knowledge, technologies, services, and support networks as a
result of socio-structural inequalities, limiting their ability to respond to climate-related challenges.
Cultural norms, as well as gender disparities in access to assets, financial capital, and livelihood
options, have also hindered their adaptive capacity.

5. Hazard, exposure, vulnerability, and risks

Hazards/extreme events: The trend analysis reveals that extreme precipitation events (indices)
exhibit significant (positive and negative) trends, particularly in northwestern or northern districts.
Furthermore, the extremely warm temperature indices showed significant increasing trends in
the majority of districts. Extreme cool temperature indices are rising significantly, primarily in the
country’s northwest. Rainy days are becoming more common, particularly in the northwestern
districts. Extreme climatic events, particularly those related to temperature, are likely to become
more frequent and severe. Intense precipitation events are expected to become more common,
with extremely wet days increasing at a faster rate than very wet days. There are some differences
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between consecutive dry and dry days. Warm days and nights are expected to become more
common in the future. Cold days and nights, on the other hand, are expected to decrease in the
future. The findings also indicate that the duration of warm spells of at least six days with high
maximum temperatures is likely to increase dramatically. This is in line with rising temperature
trends and more warm days in the future. Furthermore, the duration of cold spells is expected to
decrease in the future, as indicated by the cold spell duration index, which is consistent with rising
temperature trends and fewer cold days.

The climate extreme indices were combined in this assessment to create a composite index. According
to the overall composite index of baseline climate extreme events, the districts of Sankhuwasabha,
Morang, Chitawan, and Jhapa are experiencing high extreme events. Furthermore, the following districts
have experienced higher extreme events: Dhading, Makawanpur, Sunsari, Rautahat, Sindhupalchok,
Tanahu, Kavrepalanchok, Parbat, Syangja, Kailali, Siraha, Rupandehi, Palpa, Sindhuli, Bara, Dhanusha,
Nawalpur, Kaski, Taplejung, Panchthar, Sarlahi, Mahottari, Parasi, Parsa, Saptari, and llam districts.
Climate extreme events have the greatest impact on Province one, Province two, Bagmati Province,
and Gandaki Province. All of the districts in Province two have experienced high to extremely high
extreme events. Similarly, higher climate extreme events were observed in the Tarai and mountain
districts of Province one. According to the composite index of climate extreme events in 2030 under
RCP 4.5 and RCP 8.5, most districts in Province one, Province two, Bagmati Province, and Gandaki
Province are most likely to experience high to very high incidences of climate extreme events in 2030.
Extreme events will become more common in all Tarai districts and Province two districts. Similarly,
the eastern districts of Province one will experience a high frequency of extreme events. In both RCP
scenarios, the Humla, Mugu, and Mustang districts will experience very few climate extreme events.

The composite index of climate extreme events in 2050 reveals an even more concerning image.
The majority of districts, under both RCPs, will most likely see an increase in extreme events.
Climate extreme events will be much more common in 51 of the 77 districts. Except for the districts
of Humla, Mugu, Dolpa, Bajura, and Mustang, all of the districts under RCP 4.5 will see an increase
in the frequency of extreme events. Climate extreme events will be less common in the districts of
Humla, Mugu, Dolpa, Mustang, and Bajura.

Future projections of climate-induced hazards are difficult because it is challenging to quantify the
attribution of climate extreme events or climate parameters to naturally occurring historical hazards.
However, the studies revealed that as climate change progresses, and climatic hazards may become
more frequent, widespread, long-lasting, or intense, there could be multiple events happening at
the same time in different municipalities and provinces, all of which could be disastrous. Climate-
induced hazards, when combined with degrading ecosystems, biophysical processes, and other
challenges, such as COVID, have the potential to cause chronic stress and catastrophic shocks.

Exposure to climate induced hazards/climate extreme events: In this assessment, exposure is
defined as the presence of people, livelihoods, species or ecosystems, environmental functions,
services, and resources, infrastructure, or economic, social, or cultural assets in places and
settings that could be adversely affected by climate induced hazards or climate extreme events.
According to the findings, exposure is high in Province two and Bagmati Province. Furthermore,
some districts in Gandaki Province, Province one, and Lumbini Province are highly exposed to
climatic stressors. Kailali district is particularly exposed in the Sudurpaschim Province. One of the
major contributors to high exposure is the district’s total population.

Exposure is also determined by the areas of land that are vulnerable to various climatic hazards or

extreme events. Rupandehi and Kapilbastu, for example, have high to very high exposure. This is
primarily because these two districts have more land under cereal crops than other Tarai districts.
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Another determinant of high exposure is exposure to infrastructure and resources. For example,
Kathmandu, Kaski, and Morang districts are particularly exposed to climatic hazards due to their
superior infrastructure and resources in comparison to other districts.

In terms of exposure at the urban municipality, the overall findings show that 26 municipalities
are exposed to climate change to varying degrees. The majority of highly exposed municipalities
established or declared in 2011 or earlier are densely populated and have significant infrastructure
investments in roads, irrigation, health, and education infrastructure, cultural heritage sites, and
market centers that provide services and functions. The remaining 267 municipalities in Nepal
are characterized by moderate to low exposure to climate change. These municipalities are less
populated and have less developed infrastructure. In the case of rural municipalities (Gaupalikas),
the Tarai and mid-hills rural municipalities are more exposed than the mountain municipalities.
The demographic and resource concentration in the rural municipalities, in particular, played a
significant role in increasing exposure to climate-induced hazards.

: The exposed units’ physical,
biological, socioeconomic, and structural characteristics differentiate sensitivity. A composite
sensitivity index is generated in this assessment by combining all of the sectoral sensitivity values.
The results show that all of the hill and mountain districts of Lumbini Province, Karnali Province,
and Sudurpaschim Province are highly sensitive to the effects of climate change. Only the mountain
districts of Province one have a high to a very high level of sensitivity. Province two’s districts have
a medium to very low level of sensitivity.

In terms of municipal sensitivity, the overall findings show that 121 municipalities spread across all
seven Provinces have a high to a very high level of sensitivity. The municipalities are sensitive to
climate change because of their geological features, such as slope, geology, and soil characteristics,
which make them more sensitive to climate extreme events and hazards. Municipalities in the hilly
and mountain regions are more sensitive than those in the Tarai region. However, some districts
in the Tarai region (particularly in flood-prone municipalities) have a higher population density
and infrastructure, making them more susceptible to annual flood events. Also, the findings for
rural municipalities show that the majority of palikas in Tarai and mid-hill across all Provinces are
highly sensitive to climate-induced extreme events and hazards. The sensitivity is highest in the
mid-hills of Bagmati Province and Gandaki Province. Tarai and mid-hill palikas are more sensitive
in Lumbini Province. In Province one, palikas from the Tarai region have the highest sensitivity.

Adaptive capacity to respond effectively to climate change impacts: The adaptive capacity is assessed
based on the ability of systems, institutions, humans, and other organisms to adapt to potential

damage, capitalize on opportunities, or respond to the consequences of climate change. According
to the assessment, the districts of Lalitpur, Chitawan, Morang, Jhapa, and Kathmandu have a very
high adaptive capacity and can adapt well to the adverse effects of climate change. These districts
have higher HDI, GDP, and literacy rates, as well as better access to infrastructure, health, and other
services. On the contrary, the majority of districts in Karnali Province and Sudurpaschim Province
have a low adaptive capacity. In comparison to other Provinces, access to services, technologies,
and infrastructure is limited in the Provinces. The findings further show that capacity to cope or
adapt are limited and constraints due to socio-economic and technological limitations.

Findings for urban municipalities show that 40 municipalities are found to have high to very
high adaptive capacity, while 179 municipalities have low to very low adaptive capacity. Older
municipalities established before 2011 have greater adaptive capacity. In comparison to newly
established/declared municipalities, these municipalities made significant investments in urban
planning and local development. Biratnagar, Birgunj, Damak, Kathmandu, Butwal, Itahari, Pokhara
Lekhnath, and other municipalities have a high to very high adaptive capacity. The adaptive
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capacity of the 55 municipalities in Province two, 32 municipalities in Sudurpaschim Province,
31 municipalities in Province one, and 24 municipalities in Karnali Province is low to very low.
Furthermore, the findings show that the majority of rural municipalities in Province two, Karnali
Province, and Sudurpaschim Province have lower adaptive capacity. Low adaptive capacity is
primarily caused by a lack of access to resources and services, which includes a lower HDI and a
higher incidence of poverty in the Provinces and respective rural municipalities.

Vulnerability: In this assessment, vulnerability is defined as the difference between sensitivity or
susceptibility to harm and a lack of capacity to cope and adapt. The findings show that the majority of
the districts are vulnerable to the effects of climate change. In all mountainous regions, there is a high
to a very high level of vulnerability. Furthermore, all of the mid-hills and mountain districts of Karnali
Province and Sudurpaschim Province are extremely vulnerable. The Kathmandu district, of Bagmati
Province has the lowest vulnerability. The districts of Lalitpur, Bhaktapur, and Chitawan of Bagmati
Province, are also classified as low vulnerability. With poverty incidences of (0.076) and (0.076),
respectively, Lalitpur and Kathmandu have very low vulnerability. Besides, Sunsari, Bhaktapur,
Rupandehi, Bara, Chitawan, and Jhapa districts are also less vulnerable to climate change.

Because of high adaptive capacity and comparatively lower sensitivity, the vulnerability in the
Tarai appears moderate to low in the majority of districts. Although multidimensional poverty
and severity of hazards are prevalent, other factors such as remoteness, access to resources, and
existing facilities influence vulnerability. The vulnerability is also influenced by a variety of factors,
including improved access to roads and infrastructure, diverse biodiversity, and access to energy.

When it comes to physiographic regions, the results suggest that high mountains and mid hills
are more vulnerable than other areas. Within the provinces, there is a wide range of physiographic
vulnerability. This is, however, context-dependent and varies by sector.

The majority of sectoral analyses indicate that vulnerability is greater in the hills and mountain
districts than in the Tarai. The sectoral vulnerability, on the other hand, varies. The vulnerability
in the Karnali Province and Sudrupaschim Province is high in agriculture, forestry, health, water
resources and energy, transportation, tourism, and GESI. In terms of health, vulnerability is
persistent in Province two.

According to the municipal assessment, 37 municipalities are very highly vulnerable, 52 are high, 42
are moderate, 58 are low, and 104 are very low. Pokhara Lekhnath, Kathmandu, Biratnagar, Lalitpur,
Dhangadi, Dharan, Dhankuta, and other long-established metropolitan, sub-metropolitan, and
municipal areas have the very high adaptive capacity and low vulnerability to climate change. These
municipalities have a high human development index, adequate livelihood assets, access to urban
services and functions, economically sound, resilient physical and social infrastructure, and institutional
capacity to plan and act to effectively prepare for and respond to climate-induced shocks and stresses.

The vulnerability of rural municipalities is concentrated in Province two, Bagmati Province, Lumbini
Province, Karnali Province, and Sudurpaschim Province. A few municipalities in the Gandaki Province
are also vulnerable. Furthermore, the Provinces’ vulnerability is influenced by higher sensitivity of
population and resources, as well as a lower capacity to respond to the effects of climate change.
Province two's case is particularly intriguing. Overall vulnerability in the sector is low, but contextual
vulnerability (municipalities) is high, indicating the fact that vulnerability varies on a scale.

This study shows that it is also highly likely that future vulnerabilities will also increase across the
majority of the municipalities and provinces due to the projection of increased hazards, the socio-
economic downfalls due to COVID-19 and the political instability in Nepal. Among others, the poor,
marginalized, women, children, elderly, disabled will be more vulnerable to the impacts.
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Risk of climate change impact: The risk is the function of exposure, vulnerability, and hazards.
According to the analysis, under the baseline scenarios, districts impacted by floods, landslides, fires,
windstorms, and hailstorms, among other hazards, have experienced a very high impact from climate-
induced disasters. In the future, under RCP 4.5 in 2030, 15 districts are classified as very high-risk,
while 17 are classified as high-risk. Except for a few exceptions under RCP 4.5, nearly all districts in
the Tarai, mid-hills, and mountains are classified as high-very high risk. Similarly, under RCP 8.5 in
2030, 19 districts are classified as very high-risk, while 17 are classified as high-risk. In Province two, it
is important to note that, while the Province’s vulnerability is low, the risk of climate change impact is
high. The analysis also reveals that, among the Provinces, Province two ranks first in terms of disaster
events and their impact. On the contrary, despite the higher level of vulnerability, the risk of climate
change impact appears to be low in the Karnali Province and Sudurpaschim Province.

According to the results of the municipal level assessment, the risk level for Bhanu and Byas in
Gandaki Province and Sitganga in Lumbini Province increased from high to very high-risk under RCP
(4.5, 8.5) in 2030 as compared to Baseline risk. In RCP 4.5, the number of very high-risk municipalities
climbed from two in the baseline to six, while the risk level in the high-risk category increased from 44
in the baseline to 80 in 2030. Furthermore, under RCP 8.5, the number of very high-risk municipalities
climbed from 2 in the baseline to 5, while the risk level in the high-risk category increased from 44 in
the baseline to 69 in 2030. Furthermore, risk assessments in rural municipalities show that the risk of
climate change in 2030 is greater in mid-hills and Tarai. However, in both scenarios, some mountain
municipalities in Bagmati and Province one face a high risk of climate extreme events in 2030.

In 2050, 19 districts are classified as very high risk under RCP 4.5, while 21 are classified as
high risk. Meanwhile, RCP 8.5 categorizes 33 districts as very high risk, and 16 as high risk. In
addition in 2050, 12 districts were added to the high-risk category in RCP 8.5 compared to RCP
4.5. According to the results of the municipal level assessment, Nilakantha from Bagmati Province
has switched from high to very high-risk status in RCP 4.5 (2050). Furthermore, under RCP 4.5
in 2050, Jitpur Simara in Province Two, Sworgadwary and Rajapur in Lumbini Province, and
Patan in Sudurpaschim Province have gone from moderate to high risk as compared to RCP
4.5 in 2030. In 2050, under RCP 8.5, Rupakot Majhuwagadhi from Province one, Janakpur from
Province two, Nilkantha from Bagmati Province, and Kushma from Gandaki Province shifted from
high to very high rank in comparison to RCP 8.5 in 2030. Furthermore, Sunwarshi, Bhojpur, and
Chaudandigadhi from Province one; Jitpur Simara from Province two; Chandragiri, Ramechhap,
Rapti and Ratnanagar from Bagmati; Sundarbajar, Shuklagandaki, and Madhyabindu from Gandaki
Province; Buddhavumi, Bhumekasthan, Pyuthan and Rajapur from Lumbini Province, Sharada and
Gurbhakot from Karnali Province and Parashuram and Patan from Sudurpaschim Province have
shifted from moderate risk to high risk as compared to RCP 8.5 in 2030. Besides, the risk of climate
extreme events is higher in rural municipalities spreading all the Provinces. It is interesting to note
that in 2050, under both the RCP scenarios, the risks from climate extreme events are increasing
and also evident in the mountain rural municipalities of Province one, and Bagmati Province.

6. Adaptation options

This assessment identifies adaptation options based on expert opinions, a literature review, and
consultations with key stakeholders. Context-specific and transformational adaptation options
are needed to deal with the differentiated impact, risk, and vulnerability in respective sectors.
Adaptation options in the COVID-19 context must consider the wider socioeconomic context and
contribute to the green recovery. Adaptation options include interventions that raise awareness
and capacity of actors and agencies; provide technological options and solutions while recognizing
indigenous knowledge and practices to deal with climate adversity by reducing the risk posed by
climate-induced hazards and extreme events; and improve the communication and information
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system. Adaptation options also include policy and legal measures to ensure compliance with
environmental and climate-resilient codes, as well as the adoption of climate-resilient pathways
and the incorporation of climate change into sectoral development policies and plans, including the
local government planning and budgeting process. Besides the options further include improving
governance structures that ensure that women, indigenous groups, poor and disadvantaged
households, and communities benefit from the adaptation financing. However, there are also limits
to adaptation and DRR technology and practices. The transformative options are thus needed to
fill the adaptation gaps.

1. Conclusion and Way forward

Climate change has affected a variety of sectors, including water, forestry, biodiversity, agriculture,
and human well-being. Impacts on these sectors are likely to undermine local communities’
livelihoods and undo previous development gains. Impacts, vulnerabilities, and hazards vary
depending on resource usage trends, socioeconomic factors, and other factors.

Overall vulnerability and risk are rising in Nepal and are expected to rise even faster in the future.
The overall vulnerability and risk are increasing across Nepal and are projected to increase
rapidly in the future. In terms of vulnerability, Karnali Province and Sudurpaschim Province are
highly vulnerable. However, in terms of risks of climate change impact, Province one, Province
two, Bagmati Province, Gandaki Province, and Lumbini Province have observed higher risks of
climate change impact. COVID-19’s heightened risks and vulnerabilities intensify the current
socio-economic and health crisis, including the annual loss and damage caused by climate-related
disasters. The poor, women, IPs, the marginalized, and smallholder households and communities
will be particularly hard hit.

The findings indicate that a vulnerability and livelihood focussed approach to climate change
adaptation is appropriate in the Karnali Province and Sudurpaschim Province. This means that, in
the short term (2030), adaptation options should focus more on improving adaptive capacity and
addressing some of the physical, socioeconomic, and structural issues governing the sensitivity
of population and the livelihood resources they rely on. Province two requires an integrated
vulnerability risk-based approach to adaptation that focuses on reducing the impact of climate-
induced extreme events and hazards through improved forecasting, risk communication, risk
transfer, and other disaster risk reduction activities. Furthermore, other Provinces must focus on
both increasing adaptive capacity and risk reduction activities.

The data provided in this evaluation is useful to a broad range of stakeholders, including policy-
makers, planners, and practitioners. Municipalities, geographic areas, districts, and Provinces
with high vulnerability and risk can be identified using the vulnerability and risk index and map.
Furthermore, the data is useful in developing tailored policies and plans to resolve the climate
change issue, considering the COVID-19 context, and to allocate climate financing based on needs.

This vulnerability and risk assessment does, however, have some flaws. Choosing a scale was
difficult due to the lack of information. Studies like this need a single unit of analysis for comparison
and, later, for taking responsibility in terms of implementation, which is why the Ministry of Forests
and Environment selected districts and municipalities as the units of analysis.
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Chapter 1

Introduction

This introductory chapter provides a country background highlighting the
geography and climate of Nepal including the demographic and socio-economic
context. Besides, this chapter introduces the National Adaptation Plan (NAP)
process and the objectives and scope of the Vulnerability and Risk Assessment.

1.1 Country Background

Geography and climate

Nepal is a landlocked country in South Asia bordered on the north by China and
the south, east, and west by India. The nation is 885 kilometers long from east to
west and 193 kilometers wide from north to south, with a total area of 147,181
square kilometers. It is located between the latitudes of 28°N and 84°E. Nepal is
located north of the Tropic of Cancer, in the temperate region.

Nepal is divided into five physiographic regions. The Tarai flatlands (below 500 m),
Lower Hills (Chure or Siwalik, between 500-1,000m), Hills (1,000-3,000 m), Middle
Mountains (3000-5,000m), and High Mountains (above 5,000 m). The lowest point
is 60 meters above sea level in the eastern Tarai's Jhapa District, and the highest
point is 8,848 meters above sea level in the north's Mount Everest. The valleys
of the Siwalik (Dun valleys), tropical valleys and elevated plains of the Hills,
subtropical valleys of the Middle Mountains, and the dry Trans-Himalayan area of
the High Mountains all have significant heterogeneity within each physiographic
zone. Monsoons in the Hills range from mild to cold. The climate in the Middle
Mountains is cool temperate to sub-alpine. The climate in the High Mountains
ranges from alpine to tundra.

Because of the rapid change in altitude within a short north-south distance, there
are significant variations in climatic conditions. Lower tropical, upper tropical, iii)
sub-tropical, IV) temperate, v) sub-alpine, VI) alpine, vii) Trans-Himalayan, and viii)
Nival/arctic are the eight ecological zones that make up Nepal. Tropical and sub-
tropical areas make up 58 percent of the country's surface area. The temperate,
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subalpine, alpine, Trans-Himalayan, and Nival areas, meanwhile, account for 12 percent, 9 percent,
8 percent, 8 percent, and 5 percent of the total. The Himalayan mountain range and the South Asian
monsoon affect Nepal's climate. From north to south, and east to west, the climate (temperature
and rainfall) varies. The southeast monsoon, which occurs from June to September, and the
westerly rain, which occurs from December to February, both contribute to local climate variations.
Pre-monsoon (March-May), monsoon (June-September), post-monsoon (October-November),
and Winter (December-February) are the four distinct seasons. The annual rainfall averages 1,530
millimeters (mm). Annual rainfall rises to 3,000 meters, then decreases with elevation and latitude,
as well as from east to west (NAPA, 2010).

Demography and socio-economic context

Nepal's population is projected to cross 34 million by 2031, according to CBS (2014) population
projections. It would reach 42 million by 2051 if the same growth rate is maintained. This means that by
2031, 2041, and 2051, the base population of 2011 would have increased by 28 percent, 44 percent, and
62 percent, respectively. Nepal's population is currently rising at a relatively fast rate of 1.85 percent,
following a slight decline from 2011 to 2014. In the next three decades, the rate of population growth
is projected to slow significantly. Since 1980, Nepal's population has grown at a faster pace than it
has decreased. The average annual rate of demographic change between 1980 and 1985 was 2.31
percent. By 1990-95, the rate had risen to 2.64 percent. However, between 2005 and 2010, the annual
growth rate fell to 1.05 percent. Over the last decade, Nepal's growth trend (average annual rate of 1.11
percent) has been lower than that of its South Asian neighbors (1.42 percent) and slightly lower than
that of Least Developed Countries (LDCs), which is estimated at 2.37 percent’.

The Nepalese GDP is $30.6 billion, with an annual growth rate of 7 percent in 2018/19 (according
to World Bank). Agricultural GDP has decreased over time, from 41 percent in 1996 to 28.1 percent
in 2017/18, whereas non-agricultural sectors such as wholesale and retail trade, real estate
transportation, communication, financial intermediation, and other related services have increased
from 36 percent to 71.9 percent over the same time (MoF, 2018). The industrial sector, which
includes manufacturing, has dropped from 23 percent to 15 percent of non-agriculture GDP, while
other service sectors, such as hotels and restaurants, and transportation, and communication,
health and education services, etc. have shown significant growth (MoF, 2018). However, due to
the impact of COVID-19, the GDP has fallen sharply and coming years will be challenging.

In 1996, 41.8 percent of people lived in poverty, 31 percent in 2005, and 25.2 percent of people
lived in poverty in 2010 (NPC, 2018). According to a recent multidimensional poverty calculation,
28.6 percent of the population is multi-dimensionally poor (NPC, 2018), implying that people
who earn more than the poverty line may nonetheless face deprivations in health, education,
and/or living standards (NPC, 2018). In contrast to the global average of 5.42 percent, the
unemployment rate in Nepal is relatively low, at 1.5 percent. Wage labour, which is extremely
volatile to the external environment, including climate change, accounts for 24 percent of total
jobs (World Bank, 2020).

The national economy is becoming increasingly dependent on migration. There are two million
Nepalese labour migrants employed abroad. Nepal earned USD 6.9 billion in remittances in
2018/19, accounting for 27 percent of the country's GDP (IOM, 2019; World Bank, 2020). Seasonal
labour migration to India and the associated remittance flow are poorly recorded. The number of
migrants and remittance statistics was significantly higher than the data's structured reporting. In
the 1990s, the number of remittances was 55 million, and it has risen 126 times in the last three
decades (World Bank, 2020). As more men migrate than women, the number of female-headed
households has steadily increased, from 13.6 percent in 1995/96 to 19.6 percent in 2003/04 and 26.6

1 NPC. 2017. Demographic changes in Nepal: Trend and policy implications. Government of Nepal.
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percent in 2010/2011, a trend that is particularly pronounced in rural areas (UNDP, 2014). Internal
migration accounts for a greater proportion of overall migration in Nepal. The rate of rural-to-
urban migration in Nepal is projected to be about 3 percent per year (CIA, 2015).

1.2 National Adaptation Plan (NAP) Process

The government of Nepal has recognized climate change adaptation as critical to protecting vulnerable
communities, ecosystems, and climate-sensitive sectors from the effects of climate change. In 2009,
Nepal developed the National Adaptation Programme of Action (NAPA) to address the most pressing
and immediate adaptation needs. Considering the importance of continuing and expediting adaptation
actions to assist climate-vulnerable people and natural resources in adapting and building resilience to
climate change impacts, the parties to the United Nations Framework Convention on Climate Change
(UNFCCC) decided to launch a process to assist LDCs in formulating and implementing National
Adaptation Plans (NAPs) at its Sixteenth Session (COP 16) in Cancun in 2010.

Nepal has started the NAP formulation process based on subsequent COP decisions and 'initial
guidelines (Decision 5/C0O.17)' and technical guidelines developed by the LDC Expert Group
(LEG). The NAP has two main goals: (i) reducing vulnerability to the effects of climate change by
increasing adaptive capacity and resilience; and (ii) facilitating the integration of climate change
adaptation into relevant new and existing policies, programs, and activities in a coherent manner.
In particular, development planning processes and strategies should be included in all relevant
sectors and at various levels, as appropriate.

The Environment Protection Act of 2019 and the National Climate Change Policy (2019) are recently
approved by the Government of Nepal. The Act clearly states that the MoFE is responsible for
carrying out VRA every five years and updating NAP every ten years. Eight thematic areas/sectors
and four cross-cutting areas/sectors are identified in the climate change policy. Although the policy
provides strategic direction on thematic priorities, there is still a lack of clarity on where and how
to invest. It will be difficult to put the policy into action if there is insufficient information about the
risks and vulnerabilities. The Ministry of Forests and Environment (MoFE) had decided to carryout
out detailed Vulnerability and Risk Assessments (VRA).

A Vulnerability and Risk Assessment (VRA) is an important step in adaptation planning and
implementation. Element B of the LEG Guidelines (UNFCCC/LEG, 2012) reflects this strongly.
Identification and implementation of adaptation plans are difficult without a systematic assessment
of climate vulnerability and risk. This vulnerability and risk assessment work will help to establish a
solid foundation for adaptation planning and decision-making. In light of the usefulness and wider
application of the NAPA's Vulnerability Assessment Report from 2010, this assessment is expected
to be a cornerstone in Nepal's development planning process.

1.3 Objectives and Scope of Vulnerability and Risk
Assessment (VRA)

The ultimate aim of VRA is to improve climate-vulnerable people and populations, geographical
areas, physical infrastructure, and ecosystems' adaptive ability and resilience. Medium and long-
term adaptation activities will be incorporated into the development planning process at the state,
regional, and local levels as a result of this process. VRA and the identification of adaptation
options will aid sectors in strategically promoting Nepal's climate change adaptation agenda. This
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assessment's main goal is to help Nepal's NAP mechanism evaluate climate-related hazards, risks,

and vulnerabilities, as well as define realistic adaptation options at the sectoral, provincial, and

national levels. The specific objectives include:

e Assessing vulnerability to climate impacts across sectors and physiographic regions 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.

The Vulnerability and Risk Assessment (VRA) examined eight thematic areas, as well as one cross-
cutting area (Table 1) listed in the National Climate Change Policy (2019), seven Provinces, and five
physiographic regions (High Mountain, Middle Mountain, Hill, Siwalik/chure, and Terai). However,
to assess vulnerability and risk in Provinces and physiographic regions, the assessment process
relied on district-level results. A systematic evaluation was also conducted for 293 municipalities
in the Rural and Urban sectors. Due to the lack of a full dataset, a standardized evaluation was
conducted for the 460 Rural Municipalities. In addition, since the VRA is focused on indicators,
indicators with a full data set for all 77 districts and municipalities were taken into account.

Table 1: Thematic areas covered by VRA

Thematic Areas/Sectors to be covered by VRA

1. Agriculture and Food Security

2. Forests, Biodiversity, and Watershed Conservation
3. Disaster Risk Reduction and Management

4. Health, Drinking Water, and Sanitation

5. Rural and Urban Settlements

6. Tourism, Natural and Cultural Heritage

7. Water Resources and Energy

8. Transport, Industry, and Physical Infrastructure

9. Cross-cutting: Gender & Social Inclusion, Livelihoods, and Governance

This study compiles and summarizes the main findings from each of the nine thematic studies.
Along with this study, separate thematic reports will be published. Aside from that, the VRA
approach and methodology document will also be published separately.

1.4 Using this report

This report can be used to inform decision-making in many different ways. These may include:

e Giving policymakers a better understanding of risks and vulnerabilities in Nepal: the Executive
Summary provides this overview.

e To assess whether current or planned policies can be improved to address risks and
vulnerabilities set out in the report: see chapters five and six.

e As evidence to inform resource allocation, in particular supporting the targeting of support to
particularly vulnerable groups and locations: see chapters six and seven.

e For decision-makers in particular locations (such as provinces or local governments): the
information in chapters four, five, and six.

e For decision-makers in key sectors: chapters four, five, and six provide a starting point. Detailed
sectoral reports have also been prepared and are available.

Vulnerability and Risk Assessment and |dentifying Adaptation Options | 4
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Chapter 2

Vulnerability and Risk

Assessment (VRA) Framework,
Process and Methodological Steps

This chapter describes the framework, process, and methodological steps involved
in performing the Vulnerability and Risk Assessment (VRA). The contents, in
this chapter, provide more information and clarification on the structure and
methodological approaches established by the government as part of the initial
NAP process in 2017.

2.1 Introduction

Human-induced climate change is already affecting many weather and climate
extremes in every region across the globe. The latest IPCC report (AR6) 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.

The Vulnerability and Risk Assessment (VRA) has been recognized globally as a
critical step in adaptation planning and implementation (IPCC, 2014). Many climate
change adaptation efforts aim to address the implications or risks of potential
changes in the frequency, intensity, and duration of weather and climate events
that affect human and natural systems. To reduce risk effectively, it is essential to
understand how the vulnerability is generated, how it increases, and how it builds
up (O’Brien et al., 2004). Vulnerability describes a set of conditions among people
that derive from both historical and prevailing cultural, social, environmental,
political, and economic contexts. In this sense, vulnerable groups are not only
at risk because they are exposed to a hazard, but also as a result of marginality,
of everyday patterns of social interaction and organization, and access or lack of
access to resources (Morrow,1999; Watts and Bohle, 1993).

VRA is an important element in the NAP formulation process in particular
aligning its guiding principles to ensure the process is a country-driven, gender-
sensitive, participatory, and fully transparent approach, taking into consideration



vulnerable groups, communities, and ecosystems. Adhering to this, the climate vulnerability and
risk analysis will help Nepal identify adaptation deficits, and will guide the selection of vulnerable
and at-risk geographical areas, physiographic regions, municipalities populations, and resources.
This will facilitate the identification of adaptation options and ultimately guide in compiling the
medium and long-term adaptation needs and priorities of the country while devising strategies for
mainstreaming climate change adaptation in development policies and plans.

The following section provides an overview of the approach and methodological steps adopted to
assess the national level vulnerability and risk in different sectors, Provinces, municipalities, and
physiographic regions.

2.2 Vulnerability and Risk Assessment Approach and
Methodological Process

The VRA process incorporates methodological steps (Figure 1) to assess climate change impact
and risk in all eight thematic sectors and one cross-cutting sector. These steps aim to provide
a comprehensive picture of current and future climate vulnerabilities and risks and related
opportunities as a basis for identifying adaptation strategies and plans for the ongoing NAP
formulation process. The details of each sector-specific indicator for hazard, exposure, sensitivity,
and adaptive capacity and their respective index computation are explained in a separate document
entitled Overarching Methodological Guidelines for Vulnerability and Risk Assessment (VRA) and
Identifying Adaptation Options.

For the VRA method, a mixed evaluation methodology (top-down and bottom-up) was used.
The process has taken into account cross-sectoral connections as well as the flow of data and
information. Consultations were conducted across sectors, crosscutting regions, thematic working
groups, and government line agencies at all levels, Civil Society Organizations, youths, women,
indigenous groups, and other related sectors to validate and make the process appropriate to all.
The following section focuses on the specifics of each phase in the VRA method.

Step 1: Scoping
Vulnerability and
Risk

Step 6: Weightage

and composite value

Step 7: Analysis of
Data

Step 2: Revisiting
and Revising VRA
framework

Step5: Data
collection,
tabulation, filiration
and normalization

Step4: Explore the
data sources, nature
and character

Step 9: identifying
adaptation options

Figure 1: Steps for Vulnerability and Risk Assessment
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Step 1: Scoping vulnerability and risk

The scoping exercise on vulnerability and risk assessment in different municipalities (rural and
urban), sectors?, Provinces, and physiographic regions® required an understanding of the context
of a) current climate conditions and scenarios, including slow onset and extreme events; b) an
assessment of potential impacts of climate extremes and climate change on potentially vulnerable
sectors; and c) an analysis of other underlying factors (biophysical, technical, and socio-economic
factors) that can influence climate risks. The scoping of vulnerability and risk in the assessment
units was a key starting point.

The process of assessment was based on municipality and district-level data. The assessment and
analysis of climate trend and scenario and climate-induced hazards was based on information
and outputs of two published reports namely a) Observed Climate Trend Analysis of Nepal (DHM,
2017); and b) Climate Change Scenarios for Nepal (MoFE, 2019). Furthermore, the VRA carried out
an analytical assessment of the socio-economic conditions, sectoral impact, risks, and vulnerability
based on available literature and consultations with stakeholders.

1.1 Climate trend analysis*: Two types of data were used in this analysis. For temperature
analysis, daily temperature data from 93 climate stations are used. Stations were
selected based on the data length and results on quality control tests. For precipitation
analysis, 0.05° APHRODITE (Yatagai et al., 2009, 2012) daily gridded data was used. This
database for Nepal was based only on DHM rain-gauge data. The daily temperature
data of 92 DHM stations were first quality checked using RClimdex software. After the
quality check procedure and filling of high-altitude missing data, the daily temperature
data from 1971 to 2014 was interpolated at the grid size 1x1 km using Co-Kriging (in R
environment). Area averaged daily time series (i.e. For 77 districts and 5 physiographic
regions for 1971-2014 period) of maximum temperature, minimum temperature, and
precipitation were extracted from gridded data using publicly available GrADS (Grid
Analysis and Display, http://cola.gmu.edu/grads/grads.php) software. From daily area-
averaged time series of corresponding districts and physiographic regions, monthly
time series (1971-2014) were calculated for every 77 districts and every 5 physiographic
regions.

Combined Mann- Kendall test and Sen's Slope method were used to analyze the type,
magnitude, and significance of the trend in climate time series data. In this analysis,
significance tests at the level of 0.001, 0.01, and 0.05 or confidence level (CL) at 99.99
percent, 99 percent, and 95 percent were used. Each significance level (0.001, 0.01, and
0.05) indicates the probability (0.1 percent, 1 percent, and 5 percent) that the observed trend
could have occurred by chance. These extreme indices were identified by the NAP team,
ICIMOD, and DHM together after mapping the sectoral requirement and need for NAP.
The time series of extreme indices for each district was calculated by using a program in
Fortran. Significance and slope of the trend of output indices were estimated using Mann-
Kendall and Sen's method in MS-Excel. Time series of extreme indices were obtained from
GrADS extracted area-averaged data.

1.2 Analysis of climate change scenarios in Nepal®. The assessment carried out by ICIMOD
and MoFE used an ensemble approach of choosing four GCMs, which provide a range

2 Eight thematic sectors (Agriculture and Food Security; Forest, Biodiversity and Watershed Management; Water Resources and Energy;
Rural and urban Settlements; Disaster Risk Reduction and Management; Tourism, Cultural and Natural Heritage; Industry, Transport and
Physical Infrastructure) and one cross cutting sectors- GESI, Livelihood & Governance).

3 High Mountain, Middle Mountain, Hill, Siwalik/Chure, and Tarai.

The methodological description is drawn from DHM Trend Analysis Report, 2017.

5  The methodological descriprition is drawn from MoFE & ICIMOD Report on Climate Scenarios, 2019.
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of possible future scenarios for RCP 4.5 and RCP 8.5 instead of pinpointing a change in
just one future direction. While some approaches provide a future change in a definite
value (such as 2.5 °C by 2050), an ensemble approach provides a possible range of change
by considering the chosen RCPs. This approach has been used by Lutz et al. (2016) to
select representative climate models for the Himalayan region. GCMs are used to simulate
global atmospheric processes. These models operate at a spatial resolution ranging from
approximately 100 to 250 km?. Since GCMs tend to neglect regional heterogeneity (such as
climatic processes), these resolutions are too general to carry out any specific assessment
at regional scales (such as at a catchment level). Therefore, these GCMs were further
downscaled to a finer resolution. We selected two ensembles containing four GCM runs
from the CMIP5 database. One ensemble for the medium stabilization scenarios RCP 4.5
and the other for the very high radiative forcing scenario RCP 8.5. The mitigation scenario
leading to a very low radiative forcing level (RCP 2.6) was not included. By selecting RCP
4.5 and RCP 8.5, the study covered the possible range of radiative forcing resulting from
RCP 4.5, RCP 6.5, and RCP 8.5.

For reference climate dataset, the dataset generated by Lutz and Immerzeel (2015) as a
part of the HI-AWARE project was used. The reference climate dataset is developed from
the Watch Forcing Data ERA-Interim (WFDEI) dataset (Weedon et al., 2014) which was
based on the WATCH methodology (Weedon et al., 2011), integrated with the ERA-Interim
dataset (Dee et al., 2011). Precipitation in the WFDEI dataset was bias-corrected using the
Global Precipitation Climatology Centre (GPCC) dataset (Schneider et al., 2013). Besides,
precipitation data were corrected using observed glacier mass balance data according to
the methodology developed by (Immerzeel et al., 2012, 2015). The air temperature data
were bias-corrected with data from observed stations from the region. The raw daily mean
air temperature from the WFDEI dataset was spatially interpolated from a 50 km grid to a
1 km spatial resolution vertical temperature lapse rate. Precipitation data in WFDEI were
interpolated from a 50 km to 1 km grid by cubic spline interpolation. This dataset is one of
the complete dataset (precipitation, maximum and minimum temperature) for a longer
period available for the whole of Nepal at a higher resolution (10 km grid) with a different
level of bias corrections.

The ICIMOD and MoFE study used an advanced envelop-based selection approach described
by Lutz et al. (2016) to select a representative ensemble of GCMs was used. The NAP process
had defined eleven indices (five for precipitation and six for temperature) of climate extreme
to understand the historic and future change of climatic parameters. These indices were
selected as they represent the most important climate change indicators in Nepal.

Analysis of socio-economic trends and scenarios: This VRA assessment analyzed
socio-economic trends and scenarios. There are various tools and complicated models
for s¢enario development. In our case, we analyzed the historical trends and found out
the growth trend which was linear, exponential, or mixed exponential. Based on past
trends, a future scenario was developed by selecting a suitable growth model. In this
case, Excel Forecast Tool was used to suffice the objective of the study. This tool is
considered a powerful tool for socio-economic scenario development and user friendly.
The following example (equation 1.0 and 2.0) illustrates to development scenario for
linear growth. Similarly, an exponential function is used if growth follows geometric
growth or a mixed exponential function if the growth is higher during an earlier point
in time and slower growth in later years. Excel forecast tool is flexible to capture such
varied growth functions.

} . Vulnerability and Risk Assessment and Identifying Adaptation Options | 8
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Popa=P+bMm) ... 1.0

Where,

Piyq = population at a particular point of time in the future, P - population at the last
census, Pt-1 = population at the prior census, n = number of unit time for the projection,
b = average growth rate per unit of time, d = data of the last census, m = number of the
historical interval, t = time index (year or decade).

Forsome socio-economicindicators with sufficiently long historical data, both the Mann-Kendall
test and Sen’s slope were employed to analyze the trend, its magnitude, and significance of
the trend. M-Kendall test is a non-parametric method that tests the significance of monotonic
positive or negative trends based on the historical data. On the other hand, Sens’s slope
estimates the magnitude of the linear trend. This coefficient was used to estimate the future
value. MS-Excel program Version 1.0 was used to estimate the magnitude and significance of
the trend®.

Step 2- Revisiting and refining the VRA Framework

In 2017, the GoN published the Vulnerability and Risk Assessment framework and indicators
for the National Adaptation Plan (NAP) formulation process. The assessment of national
vulnerability and risk has adopted the same national framework, which is based on the
Intergovernmental Panel on Climate Change (IPCC)- fifth assessment report (AR 5 - 2014) and
Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate
Change Adaptation (SREX).

In the fourth Assessment Report of the IPCC (2007), vulnerability is a core concept that describes
which a natural or social system is susceptible to/unable to cope with the adverse effects of
climate change. In the latest IPCC AR 5, this concept has been replaced by the concept of risk of
climate change impacts that may harm a system. Risk is described as a result of the interaction of
vulnerability, exposure, and hazard. The vulnerability of a system has become one component of
the risk that may increase or decrease the potential consequence of a hazard.

The national framework, published by MoPE in 2017, unpacks the elements of risk and customizes
as per the needs and applicability of the national context. The framework assumes that the risk of
climate-related impacts results from the interaction of climate-related hazards (including climate
extreme events) with the exposure and vulnerability of human and natural systems. The changes
in the climate system (trends and scenarios), biophysical system, and socioeconomic processes
(including governance and adaptation and mitigation actions) are drivers of hazards, exposure,
and vulnerability (IPCC, 2014). The national level vulnerability and risk analysis are based on
measurable and quantifiable available data, both primary and secondary. Figure 1 describes the
adopted assessment framework.

Following upon the GoN conceptual framework (Figure 2) and based on Equation | and Equation Il,
the methodological framework has been made more clear with additional information and steps.
They are i) analytical steps for slow-onset disasters (such as - drought, forest fire, Glacial Lake
Outburst Flood, etc.) has been added to the existing national framework for the comprehensiveness
of the assessment process; and ii) identifying and appraising adaptation options step was added
into the nine steps process.

6  MS-Excel template of Mann-Kendall test available at: https://help.xIstat.com/s/article/mann-kendall-trend-test-in-excel-
tutorial?language=en_US Accessed 21st March 2021.

9 [ Vulnerability and Risk Assessment and Identifying Adaptation Options

o 4
X s



}...

z = System of : :
|Cllmate Change ‘l‘rend and Scenanoi Cyencem (g;%;’;i:esmgl
z Socio-economic
| Pathway (Scenarios)
v : G
A Adaptive overnance &
| Temperature Precipitation | Sensitivity Capgcity M‘?t(ijggttiztrlmogc??ofw _

Siow | Extreme
) Thresholds Events
]

L v
-
Disasters/Hazards %re Ef Vulnerability Ad-plation

Index Planning
- g Climate Change Impacts and Risks

Figure 2: Climate change vulnerability and risk assessment framework
Source: MoPE, 2017
The national Vulnerability and Risk Assessment (VRA) process has analyzed hazard, exposure,
sensitivity, adaptive capacity, vulnerability, and risk as to the key components of the assessment.
The below equation describes vulnerability as a function of Sensitivity and Adaptive Capacity while
equation ii describes risk” as a function of Hazard, Exposure, and Vulnerability.

Vindex = Sindex = ACmdex ) oovvvoeeoooeoeee, (equation I)

where,
Vulnerability will justify, if (S,ndex — AChdex )2 0

And

Rindex = (Hindex X Emndex X Vindex) .ooocoovoccvii (equation II)
where,

Vindex Vulnerability Index

Erndex Exposure Index

Sindex Sensitivity Index

Hingex Hazard Index

ACngex : Adaptive Capacity Index and

Rindex : Risk Index

Step 3 - Identifying key indicators for Hazard, Exposure & Vulnerability (sensitivity and adaptive
capacity) for different thematic and cross-cutting areas

In this step, the most relevant indicators® to thematic and cross-cutting areas to measure and assess
trends in climatic hazards/stressors, exposure elements, state of sensitivity, and adaptive capacity
were listed. The indicators were used to measure and assess trends in hazards, exposure elements,
state of sensitivity, and adaptive capacity of people and systems. Besides, the indicators were
used for both quantifying and qualifying the extent, trends, and scenarios of the assessment units.

7 Risk here is understood as risks of climate change impact.

8 Indicators — are parameters which provide information about specific states r condition which are nod directly measurable (Meyer, 2011).
The purpose of use of indicators is to this quantified information to compare against critical thresholds or previous measurements. Good
indicators —valid and relevant, reliable, precise meaning, clear in its direction, practical and affordable, appropriate.
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SMART indicators were identified based on literature review, and review of previously published
VRA framework, and stocking documents (MoPE, 2017). A total of 591 indicators were used covering
all the thematic sectors which included 128 exposure indicators, 249 sensitivity indicators, and 214
adaptive capacity indicators. For a rural municipality, a total of 36 indicators were used. An example
of the indicators is included in Annex 1 while the complete list of indicators can be found in the nine
sectoral reports which will be published along with this consolidated report. The indicator-based
approach to VRA is widely used and is one of the methods but there could be several other methods
that could be used in the future. If there are time-series data available for all the indicators, it will be
very useful to do the modeling and statistical analysis which is more accurate.

Step 4 - Exploring data sources, nature, and character

For this study, a variety of data sources were used (Table 2). The Department of Hydrology and
Meteorology (DHM) provided district-level seasonal and climate patterns data, while climate scenarios
were obtained from MoFE/ICIMOD, along with data from several other regional and global centers. The
Central Bureau of Statistics (CBS), Department of Survey (DoS), DHM, related Ministries, development
organizations, and international organizations such as ICIMOD, United States Geological Survey, and
others were the primary sources of secondary data. For all quantitative datasets, a metric measurement
method was used. For all qualitative and quantitative datasets, collection of corresponding geospatial
information that may be a coordinate or address i.e., associated administrative units were ensured.

A Base Data requirement for the Indicators in water resources and energy sector

Data name Data Source Format Coverage
DEM USGS Raster All Nepal
Land Use Land Cover® DOS, ICIMOD Vector All Nepal
Soil Class DOS Vector All Nepal
River Networks ICIMOD Vector All Nepal
Watershed Boundary DOFSC Vector All Nepal
Ecological, Provincial, & District Boundary DOS Vector All Nepal
Past Climatic Data DHM Tabulated District wise
Hydrological Data DWRI, IWMI, UOG Tabulated District wise
Future Climate Data MOFE Tabulated District wise
Hydropower DoED, NEA, AEPC Tabulated (Geospatial) District Wise
Alternative Energy AEPC Tabulated (Geospatial) District Wise

Step 5 - Data collection, tabulation, filtering, and normalization

The VRA was carried out using secondary data (spatial or non-spatial) obtained from published or
unpublished sources. The information came mostly from government sources, which were credited
and acknowledged by the government. Interviews, one-on-one meetings, exploratory surveys,
and consultations with experts and related stakeholders and individuals were also valuable data
collection methods. Survey software and Google Form were used for the questionnaire survey.
Extraction of information was also accomplished by the use of other correspondence methods such
as the telephone, Skype, and email. Consultations in all seven provinces and at the national level, as
well as field visits to selected local governments, were used to verify the knowledge obtained from
secondary sources. The filtering, cleaning, and normalization process was conducted to ensure the
collected or tabulated data were correct, complete, relevant, unique, properly formatted, and with
a uniform unit. A min-max method was adopted to normalize the quantitative dataset. The method
transforms the values between 0 and 1 by subtracting the minimum score and dividing it by the
range of indicator values as shown in equation IIl.

9 This includes all the land surface coverage types, such as Forest, Agriculture land, Settlements, River, Snow, Glacier, etc.
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Xi~Xmin (equation Ill)
X B ) ST q
norm _t Xmax ~Xmin

As an example, the calculation for the annual precipitation of Tanahu district (1925 mm) where
maximum precipitation is 2710 mm in Kaski and minimum is 257 mm in Mustang. The normalized
value for Tanahu is:

1925-257

——— = 0.679
2710-257

Step 6 - Weightage and composite value

Every normalized data was given weightage by using a pair-wise comparison (Uribe et al., 2014)
as indicated in the Analytical Hierarchy Process (AHP) model to prioritize the related decision
indicators. A slight modification of AHP is done particularly to adjust the prioritization of a long
list of indicators. For this study, due to a large set of indicators, a pairwise comparison of each
indicator with all other indicators was not possible. Hence, a set of indicators was presented to
experts who gave numerical value using Saaty’s 9-point scale (Satty, 1984) based on their relative
importance as given in Table 3. For this, a set of questionnaires was administered to at least 10-15
respondents including members of the Thematic Working Group (TWG), experts represent from
the governments, I/NGQOs, and the private sector. The respondents were requested to respond to
each possible pair of criteria and rate one relative to the other on a scale from “equal importance”
to “extremely important”. Based on relative importance, a pairwise comparison matrix was
developed which was later used to compute the weight of each indicator through the Eigenvalue
and Eigenvector analysis. In this process, the relative comparison of indicators from at least ten
experts for each thematic and cross-cutting sector was collected. The composite values were then
calculated based on the computed weightage.

Table 3: Score for the importance of variable (Saaty Scale)

Intensity of importance Definition of Important Scale

1 Equal importance
Equal to moderate importance
Moderate importance
Moderate to strong importance
Strong importance
Strong to very strong importance
Very strong importance

Very to extremely strong importance

W 00 ~N o o1 B W N

Extreme importance

The individual judgments were converted into group judgments (for each one of the paired
comparisons) using their geometrical average. A comparison of all possible pairs results in a so-
called ratio-matrix. The numerical weights were then determined by normalizing the eigenvector
associated with the maximum eigenvalue of the ratio matrix.

The aggregated value of each indicator of exposure, sensitivity, and adaptive capacity was

calculated by using the weighted linear summation method which is a linear combination of
standardized values using weights as shown in equation IV.
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AC ST, (V)
Where;
AC is an aggregated indicator, e.g., aggregated adaptive capacity,
X;is an individual indicator of the adaptive capacity of a vulnerability component, and
w, is the weight assigned to the corresponding indicator x. The preferred alternative is that with
the minimum value of AC.

Step 7- Analysis of data

The data was analyzed, and the findings were presented in a variety of ways, including trend,
scenario, pattern, danger, risk, and so on. The socioeconomic, demographic, and sector-specific
data were analyzed using descriptive and inferential statistical analysis, as well as scenario-based
economic modeling, to determine which categories are more vulnerable to climate change, as well
as which regions or communities have better adaptation potential. Municipal, sectoral, regional,
physiographic area, and district-level results were produced. The analysis identified key “climate-
vulnerable hotspots” based on the data and maps prepared for five physiographic regions,
municipalities, and seven Provinces by eight thematic sectors and one cross-cutting sector.

Step 8 - Identifying climate change impacts, vulnerability, and risk

The vulnerability of the identified sub-sectors within a sector and the aggregate of these sub-
sectors of each sector were analyzed with an aggregated value of sensitivity and adaptive
capacity as shown in equation V and Figure 2. According to IPCC- AR5, vulnerability is a function
of Sensitivity and Adaptive Capacity. Figure 2 illustrates a typical process and analysis of the
chain of vulnerability and risk with the indicator-wise data of sensitivity, adaptive capacity, and
exposure.

Where;

V is the composite vulnerability indicator,

S is the sensitivity component of vulnerability and

AC is the adaptive capacity component of vulnerability

Similarly,
Sub-sector-wise and cumulative risk of the forests and biodiversity, and watershed management
was estimated as a function of Hazard Intensity, Exposure, and Vulnerability as shown in (VI).

R = Hintensity Y X E et e (V1)

Where;
R is the risk index
H,onsi, 18 the hazard intensity,

V is the vulnerability and
E is an exposure.

The final risk was rescaled by dividing the outcome values by the maximum risk values of all
administrative units as in equation (VII).

scale = R/max (R), R € {admln units} ................................. (v
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The climate change vulnerabilities and risks were ranked into five categories (very low, low,
moderate, high, and very high) for their threats or impacts at sectoral, provincial, physiographic
region, and district level by using the Jenks natural breaks (Jenks, 1967) method. The Jenks
natural break is widely used for categorizing data. The VRA created the classes in such a way
that the best groups of similar values come together and maximizes the differences between
classes. The features are divided into classes whose boundaries are set where there are
relatively big differences in the data values. The natural break classes are characterized based
on the variety of data an indicator possesses thus the natural break value may differ with the
dataset/indicators. The ranking was further validated through a consultative process with key
stakeholders.

From the analysis of data, maps and indices for existing climate trends and projected scenarios
for climate hazards, vulnerabilities and risks were generated. The climate change impact on each
sector was further analyzed from available literature and based on the analysis of generated maps
for each municipality, sector, Province, and physiographic region.

Step 9 - Identifying adaptation options

Adaptation options have been identified based on information generated by vulnerabilities and risk
ranking. The most appropriate or relevant adaptation options for considerations were identified
using a set of criteria aligned with national goals and targets for sustainable development, as well
as national policy, sectoral policy, and national development goals related to climate change. The
long-listed adaptation options were chosen based on criteria such as timing/urgency for action,
cost, co-benefits, efficacy, flexibility, and robustness (LEG, 2012). The process adopted in this
assessment were:

e |dentification of a potential list of adaptation options based on literature review particularly
those successful adaptation practices, effective local knowledge and practices, efficient
technologies, and practices.

e |dentification of potential adaptation options based on the impacts, vulnerability, and risk
maps and tables generated by the analysis of secondary data.

e Consultation with relevant experts and stakeholders to map effective adaptation strategies in
the sector and sub-sector.

e Consultation at the Province level to identify adaptation options in the context of the existing
risk and vulnerability.

e Validation of adaptation options in Thematic Working Groups (TWGs) and Technical Committee.

The NAP project will carry out further prioritization through multi-criteria analysis, cost-

effectiveness analysis, and cost-benefit analysis. Besides, the project will assess the cost of each
action prioritized, for all of the defined long lists of adaptation options.

Vulnerability and Risk Assessment and |dentifying Adaptation Options | 14

" o



Chapter 3

Socio-Economic Trends
and Scenarios

While most aspects of climate forecasts are focused on well-understood physical
processes, our knowledge of the basic structure and causal factors operating in
socio-economic systems, as well as their evolution, is minimal. Socioeconomic
patterns and scenarios are realistic, internally consistent, and coherent accounts
of historical trends and potential future states of the world that are used to guide
policy decisions. The essence of the framework that is subjected to climate change
in countries like Nepal will determine the effects of climate change. This chapter
discusses the socioeconomic trends and scenarios that influence vulnerability
and risk. The data used is primarily based on secondary data collected at the
national level.

3.1 Demographic Trends and Projections

The population in 2020 is nearly reaching 30 million. Based on the population
projection of CBS (2014)'°, Nepal’s population is expected to reach 34 million by
2031. If the same growth rate is followed, it will reach 42 million by 2051. There
is a slightly higher female population in Nepal based on the 2011 census, which
should reach 21.9 million by 2051 while the male population will reach 20.9 million
during the same time (Table 4). Similarly, there will be more urban population
in the future with a reduction in the rural population. Better public services,
economic opportunities, rapid population growth, and government policies are
the key factors causing rapid urbanization in Nepal (Thapa and Murayama, 2010).
An increasing trend of rural to urban migration also contributes to a rapid increase
in urban population (Tiwari, 2008). In the current federal system, the urbanization
trend is also expected to rapidly increase outside Kathmandu valley. For example,
rapid urbanization is expected to increase in the Eastern Tarai with a corresponding
decrease in cultivated land. This will have negative implications for food security
and the environment (Rimal et al., 2019).

10 CBS. (2014). National Population and Housing Census, 2011. Population Projection of Nepal has projected
population upto 2031. Projection for 2041 and 2051 was done using the same growth rate.



Table 4: Current and projected population at national level

Population 2011 2016 2021 2026 2031 2041 2051
Total (million) 26.49 28.46 30.52 3247 34.18 38.27 42.86
Male (million) 12.84 13.80 14.81 15.77 16.61 18.64 20.92
Female (million) 13.64 14.66 15.71 16.70 17.56 19.63 21.94
Urban population (million) 4.52 5.55 6.93 8.53 10.31 15.30 20.57
Rural population (million) 21.97 22.90 23.59 23.94 23.86 22.96 22.28
Urban population (percent) 17.07 20 23 26 30 40 43

Rural population (percent) 82.93 80 71 74 70 60 52

Source: CBS, 2014 and own calculation

3.2 Labour Migration

Migration, displacement, refugees are the major social issues that have a direct relationship with
climate change and natural disasters (Kaczan and Orgill-Meyer, 2020; Kolmannskog and Trebbi,
2010). In Nepal, natural hazards (mainly floods and landslides) are one of the major driving
forces inducing labour migration (Jaquet et al., 2019). The majority of the labour force depends
on agriculture and this sector is badly impacted by recurrent floods, droughts, and landslides.
As a result, the agricultural labour force, particularly the young, tends to move away from the
agriculture sector and explore employment opportunities in the service sector and labour market
outside of the country (Sunam and McCarthy, 2016).

The migration trend has increased in Nepal with a corresponding increase in remittances. Each
year, more than 400,000 labour mostly agriculture labour travel abroad for work, mostly to India
and the Gulf (MoLES, 2020). Figure 3 shows the contribution from remittances over time. If the
same trend continues, remittances are expected to grow by 128 percent and 194 percent in 2020
and 2030 in comparison to the baseline remittance volume of 2017 which was USD 678 million.

The recent data show that the volume of remittances is almost equivalent to the agricultural GDP
which was almost negligible a decade ago. Remittances are playing a crucial role to supplement
household incomes, child education, and other household consumptive uses. On the contrary,
the outmigration has led to shortages of hired agricultural labour and increasing roles of women
in agriculture. There is already 73 percent of the female workforce in agriculture, compared to 56
percent of men (Paudel et al., 2020).

Women and children are responsible for the land, as the only ones left in villages. However,
women's land ownership is lower compared to males. Male outmigration has a multi-dimensional
impact on women's role in agriculture (Paudel et al., 2020). The increasing role of women at both the
household and community level has created opportunities for them. However, social and cultural
factors along with a non-supportive policy and institutional environment have not contributed
to empowering agriculture-dependent women or increasing their ownership and control over
productive resources (Tamang et al., 2014). Besides, labour migration has created agricultural
labour scarcity which has resulted in more fallow land in Nepal and an increasing trend of women
participation in agriculture.
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Figure 3: Trend of remittance flow in Nepal (million USD)
Source: World Bank, 2020

3.3 Female-Headed Households in Nepal

Women in the developing world tend to take care of their household when their male counterparts
migrate for a long period, or if she is a widow or divorcee; or sometimes if she is the wife of a
physically handicapped man. There are two kinds of household headship: de jure and de-facto. The
latter is more prominent in our context. Female-headed households are one of the most vulnerable
groups in society confronting many climate change challenges (Bohle et al., 1994; Hahn et al., 2009).

Because of their poor access to physical and financial resources, technologies, and skills, low level
of awareness, and literacy, they are unlikely to make decisions on adaptation options in comparison
to their male peers. Trends in female-headed households in Nepal show that they have significantly
increased over the past three decades (Figure 4). There were altogether 439,000 female-headed
households in Nepal during the 1991 census which became 621,000 in the 2001 census (an over 41
percent increase). Then, it jumped to 1.3 million in 2011, showing a 125 percent increase during this
time. If female-headed households follow the same growth trend as in 1991-2011, they will reach 1.6
million in 2020/21, 2.1 million in 2030/31, 2.6 million in 2040/41, and 3.1 million in 2050/51.
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Sources: CBS, 1991, 2001 and 2011
Figure 4: Trend and projection of female-headed households at the national level
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3.4 Human Development Index (HDI)

The Human Development Index (HDI) is a composite index. It reflects the overall socio-economic
dimension of a country or region based on three basic dimensions: a long and healthy life,
access to knowledge, and a decent standard of living (measured by life expectancy mean years of
schooling among the adult population and per-capita GNI). HDI is considered very important for
capacity building and awareness-raising and ultimately building resilience and adaptive capacity
of a society. Figure 5 shows the HDI trend at the national level from 1990-2019. Between 1990
and 2019, Nepal’s HDI value increased from 0.387 to 0.587, an increase of 55.3 percent over three
decades. It has increased with an annual growth rate of 1.90 percent per year. Nepal's HDI value
has made significant progress during the last decade (2010-2019). The growth rate seems almost
to stagnate especially after 2015. If the average annual growth rate achieved during the last decade
is considered, HDI is projected to reach 0.655 by 2025 and 0.717 by 2030 (NPC, 2018; UNDP, 2020).
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01
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HDI index

Source: Computation based on UNDP (2020)
Note: Projection-based on HDI historical trends. Bar 1990 to 2019 represent a trend and 2020-2030 represents projection based
on historical trends.

Figure 5: HDI trends and projection at the national level
The overall trend of two HDI components i.e. life expectancy, years of schooling is presented in the

annex. Nepal's life expectancy at birth increased by 16.4 years, mean years of schooling increased
by 3.0 years which lead to increased HDI of Nepal over time.
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3.5 Gender Development (GDI)
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Source: Computation based on UNDP (2020)
Figure 6: Trends and Projection of Gender Development Index (GDI) in Nepal

Nepal’s GDI value reached 0.886 in 2019 from 0.75 in 1995 (Figure 6), an increase of 18 percent
during two and a half decades with an annual growth rate of 0.75. The trend has shown significant
growth during 1995-2015. After 2015, the GDI remained stagnant or slightly reduced. The higher
GDI value in the past is due to the higher participation of women in education (Pokharel, 2010).
Considering the same growth rate for GDI observed from 1995 to 2019 i.e. 0.75, it is projected
that it will be 0.92 by 2025 and 0.96 by 2030. Improvement in GDI indicates gender disparity in the
future will be relatively improved (UNDP, 2020).

3.6 Gender Inequality Index (Gll)

Based on the Human Development Report (2020), the Gender Inequality Index (Gll) for Nepal
from 1995 to 2019 has decreased by 34.44 percent (Figure 7) with an annual reduction of 1.35
percent. Since 2015, the Gll score has remained fairly stagnant at around 0.479. Nepal's Gll is
below the South Asia average (0.501) reflecting its better position in terms of overall gender
inequality (UNDP, 2020). Nepal’s female representation in Parliament, reduction in maternal
mortality, and improvement of adult females with secondary education are some of the reasons
for the improvement in Gll in Nepal (UNDP, 2020). Considering the same growth rate for Gll
observed from 1995 to 2019 i.e. — 1.35 percent, it is projected that it will be 0.440 by 2025 and
0.410 by 2030.
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Figure 7: Trends and Projection of Gender Inequality Index (Gll) in Nepal
Note: Projection-based on Gl historical trends. Bar 1990 to 2019 represent a trend and 2020-2030 represents projection based
on historical trends.

3.7 Poverty Trends

Poverty is a major driver of people’s vulnerability to climate-related shocks and stressors. People
interwoven in poverty traps are likely to be affected by climate change quickly (Marotzke et al.,
2020). Poverty also induces labour migration directly and indirectly. Therefore, poverty trends and
scenarios are important for climate change adaptation planning. Due to the different approaches
of poverty measurement adapted in the past, it is difficult to calculate poverty trends and future
projections. In 2003-04, 31 percent of the population was poor in Nepal, compared to 42 percent in
1995-96 (Table 5). Thus, the occurrence of poverty in Nepal declined by 11 percent over eight years,
a decline of 3.25 percent per year. The incidence of poverty in urban areas reduced by more than
50 percent (it declined from 22 to 10 percent, a reduction of 7 percent per year). While poverty in
rural areas also declined appreciably, at 2.5 percent per year. However, its incidence has remained
higher than in urban areas. In 2010-11, 25 percent of the population was poor in Nepal compared
to 31 percent in 2003-04. In this period of seven years, poverty was reduced by 18.44 percent at the
rate of 2.63 percent reduction per year. The reduction rate is lower than the previous timeframe.
In the later phase, poverty reduction is higher in rural areas while urban poverty is increasing
during the same time. International labour migration is playing a vital role to reduce rural poverty
along with other factors (Sunam, 2017; Sunam and McCarthy, 2016). International labour has been
a major source of income and livelihood options for rural households, which is contributing to
increasing access of women and children to basic services like health and education.

In 2018, Nepal has calculated the Multi-dimensional Poverty Index (MPI) measurement using 2014
survey data. It shows that Nepal MPIl is 12.7 percent which was 31.3 percent in 2011 (NPC, 2018).
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Table 5: Trends of poverty headcount from 1995-2011

1995-96 2003-04 Change in Annual reduction 2010-11
percent  (percent) (1996-2004)

Nepal 41.76 30.85 -26 -3.25 25.16
Urban 21.55 9.55 -56 -1.0 15.46
Rural 43.27 34.62 -20 -2.5 27.43

Change
percent

-18.44
61.88
-20.76

Annual reduction
(percent) (2003-2011)

-2.63
8.84
-2.96

Source: CBS (2005), Khanal (2012)

3.8 GDP Trends at National Level

The Nepalese economy is experiencing fluctuating GDP growth, still oscillating between 1 to
8 percent. Before the 1990s, there is evidence of negative GDP growth (Figure 8). To date, the
agriculture sector plays a significant role in the national GDP (27 percent of total contribution).
Reductions in agriculture production due to extreme weather (floods or droughts) directly correlate
with GDP. Nepal has shown significant progress during the last three consecutive years (2017 to
2019) with a 7.3 percent GDP growth rate. However, due to the ongoing COVID-19 pandemic which
has created a widespread impact on the national economy, the GDP growth rate is expected to
decline sharply during 2020. The World Bank has forecasted there will only be a 0.6 percent growth

rate in 2020 due to the pandemic.
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Figure 8: Trends of GDP growth and its value at current price 2019 (billion USD)

Source: World Bank online database
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Chapter 4

Climate Change Trends
and Scenarios

The climate change trend and scenarios for Nepal in the medium (2030) and long-
term periods (2050) are included in this study. The key objectives of this chapter
are to (i) understand the trend and predict potential changes in precipitation and
temperature trends in Nepal's districts and physiographic zones at the annual
and seasonal levels, and ii) evaluate and select climate severe indices for two RCP
scenarios to understand the extent of changes in the past and future periods. The
analysis is based on the previous studies carried out by the Department of Hydrology
and Meteorology (DHM)', Ministry of Forests and Environment (MoFE)"".

4.1 All Nepal Normal Precipitation and Temperature

Maximum and minimum temperatures vary across the country, primarily from north
to south with low temperatures in high-altitude areas and high temperatures in the
Southern plain. The annual minimum temperature, aggregated by district, varies
from -4 to 19°C while the maximum temperature varies from 4 to 30°C. Manang
district has the lowest (<5°C) annual average maximum temperature while most of
the Southern plain districts have the highest normal annual maximum temperature
that is usually above 30°C (Figure 10). In physiographic regions, the High Himalayas
have the lowest normal annual maximum temperature (5°C to 10°C) whereas the
Tarai region has the highest normal annual maximum temperature above 30°C.

The analysis of 44 years (1971-2014) of temperature data reveals that the lowest
(<0°C) normal annual minimum temperature is observed in Humla, Mugu, Dolpa,
Mustang, and Manang and the highest normal annual minimum temperature
(15°C-20°C) in the southern districts including Surkhet, Tanahu, Makwanpur,
Sindhuli and Udayapur (Figure 9 (a), (b)). The High Himalayas have the lowest
normal annual minimum temperature which ranges between -5°C and 0°C. The
Siwaliks and the Tarai regions have the highest normal monsoon minimum
temperature that lies in between 15°C and 20°C.

10 DHM. (2017). Observed Climate Trend Analysis in the Districts and Physiographic Regions of Nepal (1971-2014).
Department of Hydrology and Meteorology, Kathmandu.

11 MoFE. (2019). Climate change scenarios for Nepal for National Adaptation Plan (NAP). Ministry of Forests and
Environment, Kathmandu.



e — —

6B W T RO Bokm e 6B W T RO Bokm

Province ourstany Dot Soaree: DM Mepal (2047 Arvaons| masimum fempecatuns Province ourstany Dot Soaree: DM Hepal (2047 Arvaons| msmum iempasatuce
a

T

Figure 9: Annual average temperature of Nepal: a) maximum temperature; and b) minimum temperature

The district-wise annual precipitation is presented in Figure 10. The Kaski district, of Gandaki
Province, received the highest amount of precipitation that is above 2700 mm/yr. Other districts,
namely Parbat, Tanahu, Lamjung, Nuwakot, Sindhupalchok, Sankhuwasabha, llam, and Jhapa
received more than 2000 mm/yr of precipitation between 1971 and 2014. Except for the Tarai
district Jhapa and High Mountain district Sankhuwasabha, all other districts receive a higher
amount of precipitation and are located in Hill, and Middle Mountain region and across in Province
one, Bagmati Province, and Gandaki Province. The Mustang district, a high mountainous district
of Gandaki, is the driest district with less than 400 mm/yr of precipitation. Besides, the western
mountainous districts receive less than 1000 mm/yr. On the contrary, precipitation is gradually
increasing in the central and eastern parts of the country. All districts of Province two, mountainous
districts of Province one, and southern districts of Lumbini Province, and almost all districts of
Karnali Province received between 800 and 1200 mm/yr of rainfall.

The annual precipitation is highest in the Hills of Gandaki Province with an aggregated annual
precipitation of 2021 mm. The lowest annual precipitation occurs in the high mountain of Karnali
with aggregated 622 mm/yr. While considering seasonal precipitation patterns, the Hill of Gandaki
receives the highest precipitation during the pre-monsoon season. Precipitation is lowest in the
High Mountain of Karnali Province and the Tarai region of Lumbini Province. During winter,
Chure and Tarai of Province one received the lowest amount of precipitation, while the Hill of
Sudurpaschim Province received the highest amount.

During monsoon, the Hills of Gandaki Province receives the highest precipitation with 1623 mm/
yr while the High Mountain of Karnali Province receives the lowest precipitation. A pattern shows
that the central Hill region receives more precipitation. During post-monsoon, the eastern part
receives more precipitation.
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Figure 10: Average annual precipitation (1971 - 2010) across Nepal

4.2 Climate Trends

This subsection illustrates the trend in temperature, precipitation, and climate extreme events.
Based on the observed Climate Data Analysis of Nepal (1971-2014), significant positive trends
are observed in annual and seasonal maximum temperature. However, no significant trend is
observed in precipitation in any season.

4.2.1 Temperature Trends

The annual maximum temperature is increasing by 0.056°C/yr while the minimum temperature
trend is observed to be increased by 0.002°C/yr which is insignificant. The minimum temperature
is found to be a negative trend in a few mountainous districts like Humla and Manang. However,
the increase in temperature trend is the highest in central Tarai of Province two and the Middle
Mountainous region across Nepal. The increased maximum temperature is uniformly higher in the
mountainous district from east to west and the lowest in the Tarai districts. The Manang district
has experienced extreme temperature conditions, as it possesses the highest decreasing rate
of minimum temperature and the highest increasing rate of maximum temperature. Figure 11
illustrates the district-wise annual maximum and minimum temperature trend since 1971.
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Figure 11: Annual temperature trend (a) maximum temperature (b) minimum temperature

4.2.2 Precipitation Trends

Different precipitation trend is observed in different districts across physiological regions and
the Provinces. The precipitation is increasing in Syangja (8.99 mm/yr), and Bardiya (7.86 mm/yr)
with the highest rate. Also, Gulmi, Tanahu, Nawalpur, Parasi, Banke, Dhanusha, and Kanchanpur
districts experienced more than 4 mm/yr of precipitation. Kaski (-11.44 mm/yr), llam (-9.56 mm/
yr), Ramechhap (-9.56 mm/yr) are the district having decreased precipitation during 1971 and
2014. A large part of Bagmati Province, northeast of Gandaki Province, west of Province one,
and southeastern part of Karnali Province have a decreasing precipitation trend. The rate of
change is almost -12 to 9 mm/y across the districts. All the districts of Sudurpaschim Province
show an increasing precipitation trend. The Gandaki Province has the highest variation. The Tarai
region of all Provinces (if applicable) has increased trend with the highest in the Tarai region of
Sudurpaschim and the lowest in Province two. The Chure of Sudurpaschim Province and Gandaki
Province observed an increasing trend while it is decreasing in Bagmati Province. The eastern
part of the country is receiving less precipitation than before while it is slightly increasing in the
western part. Figure 12 shows the annual precipitation trend in the 77 districts of Nepal.

While comparing the Provinces, Bagmati Province is experiencing the highest decreasing
precipitation trend. The hill and high mountainous areas of Bagmati Province are affected more
severely. A very clear precipitation pattern of decreasing precipitation from west to east during
winter is observed.
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Figure 12: Annual precipitation trend

4.2.3 Extreme Events Trends

The incidence of climatic conditions beyond the regular pattern is the climate extreme events.
The trend of such events reflects climate change at any location. In this subsection, the climate
extreme events in a district, Province, and physiography by Province-level are presented. The
considered extreme climate indices include a number of rainy days, very wet days, extreme wet
days, consecutive dry days, consecutive wet days, cool days, cool nights, warm nights, warm days,
warm spell duration, and cold spell duration is presented in Table 6.

Table 6: Changes in the extreme events

Number of
rainy days

Consecutive
dry days

Consecutive
wet days

The number trend is mixed across the country. Itis increasing in the High Mountain district of Karnali, such as
Humla with one day/yr of an increasing trend. The other districts such as Mugu, Dolpa, Jumla, Bajura Eastern
and Western Rukum, Bhojpur, Khotang, and Tehrathum of Hill, Middle Mountain, and High Mountain also have
a higher positive trend. On the other hand, districts from Tarai to High Mountain and east to west receive rain
in a fewer number of days. The highest rate of decreasing rainy days is observed in Rasuwa with 1.2 days/yr.

A consecutive dry day trend shows a matching pattern but reverses, with a number of rainy days. Consecutive
dry days are decreasing in High Mountain districts, such as Humla, Mugu, Dolpa of Karnali. While in many
other districts in the Tarai to High Mountain and east to west have an increasing trend. Rasuwa observes

the highest increasing trend (1.6 days/yr) of consecutive dry days, while Nuwakot, Dhading, Manang, and
Mustang have the higher increasing rate of consecutive dry days.

The consecutive wet days have a very similar pattern to the number of rainy days but reverse with the
consecutive dry days. Humla, a High Mountain district of Karnali Province, observes the highest positive
trend with 0.9days/yr while Rasuwa, another High Mountain district in Bagmati Province, depicts the highest
negative trend with 0.8 days/yr. Other districts such as Dolpa, Eastern and Western Rukum, Bajura, Bhojpur,
Khotang, Lamjung, and Gulmi have a clear positive trend. A negative trend is observed in many other districts
such as Nuwakot, Dhading, Morang, and Sunsari.
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Very wet There is no clear pattern of very wet days trend. However, most of the districts in Tarai of Lumbini, Province

days two and Province one, including and the Hill districts of Gandaki Province, Karnali Province, and Sudurpaschim
Province have a clear increasing trend. Contrary to that, High and Middle Mountain districts such as Eastern and
Western Rukum, Humla, Manang, Dolakha, and Ramechhap experience a decreasing trend.

Extreme wet Extreme wet days trend shows a very clear pattern of decreasing in High Mountain and Middle Mountain

days trend districts while it is near 0, no substantial change, in Hill, Chure, and Tarai. However, Syangja has the highest
increasing extreme wet days trend, while Kanchanpur, the only district in the Tarai which observed decreased
extreme wet days.

Warmdays  The increasing warm days trend varies district by district. The highest increasing warm days trend is observed
trend in the High and Middle Mountain and Hilly districts of Taplejung, Panchthar, and Tehrathum. A clear pattern
of higher increasing warm days trend is shown in the High mountain and the Middle mountain. In the Hill
districts, the warm days trend is moderate while, there is either no or very low increasing trend of warm days
in the Tarai and Chure districts.

Cool days A physiographical pattern can be observed in the cool days trend. A number of cool days depict a positive

trend trend in several districts in the Tarai with the highest trend in Saptari 0.2 days/yr. The cool days trend is
decreasing in all the High and Middle Mountain districts, except in Kalikot of Karnali Province and in Kaski of
Gandaki Province where it is increasing. Tehrathum district depicts the highest negative cool days trend.

Warm Spell  The warm spell duration is an increasing trend across the country except for one exception, Rautahat - a

Duration Tarai district of Province two. Many High Mountain districts in Province one, Bagmati Province, and Gandaki

trend (WSDI) Province depict a clear increasing trend. Similarly, Kanchanpur, Baitadi, Darchula, Bajura, Dailekh, and
Jajarkot of Sudurpaschim Province and Karnali Province also experience a substantial increasing trend.

Warm Nights A mixed pattern of warm nights trend is observed across the country over forty years. The trend is higher in
trend most of the districts in the central part of the country rather than far east and west. The highest negative trend
is observed in the Manang while the highest positive trend exists in Tanahu.

Cool nights  The cool night shows a mixed pattern of increasing and decreasing trends. The eastern Tarai districts of
trend Province one and two have a clear decreasing trend while it is an increasing trend in the High Mountain with
a maximum of 0.7 days/yr in Humla.

Cold Spell The cold spell duration is in increasing in the west rather than in the eastern part of the country. Seven of

Duration eight districts of Sudurpaschim Province have a positive CSDI trend with 0.3 days/yr. Similarly, eight of nine
Index (CSDI) districts of Province two, mostly in the Tarai region, observed the negative CSDI trend. Besides, Rolpa, of
trend Lumbini Province depicts the negative CSDI trend.

4.3 Climate Change Scenarios

In this assessment, two possible trajectories — RCP 4.5, and 8.5 were selected as representative
of an extreme future scenario for the medium-term (2016 — 2045) and the long-term period (2036
—2065) corresponding with the 2030s and 2050s timeframe agreed in the NAP process with the
reference period 1981-2010. The details of the various climatic variables and extreme climatic
conditions have been explained based on different administrative units and physiographic regions
in the subsequent sub-section. Overall, the findings from the study suggest that precipitation and
temperature will be higher in the future than in the reference period. Specifically, temperature
variables are expected to increase continuously throughout the century. Annual precipitation
might increase overall but vary seasonally.

4.3.1 Temperature Scenarios

In the medium term of RCP 4.5, the average annual temperature change is projected to increase
by 0.92°C with a variation of 0.77°C to 1.09°C. Also, it is expected to increase by 1.3°C on average
with the variation from 1.1°C to 1.563°C in the long-term (Figure 13 a and b). The spatial variation is
high in both periods. Kanchanpur, Banke, and Humla are observed to have a higher change while
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Khotang, Okhaldhunga, Bhojpur, Tehrathum, and Panchthar are expected to observe minimum
changes in the mid-term. Besides, in the long term, the spatial variability with higher changes will
be noticed in the Sudurpaschim Province and Karnali Province. However, the variability will be
lowest in Bagmati Province and Province one.

In the RCP 8.5, Figure 13 (c), and (d), the general pattern of the temperature change is very similar
to that of RCP 4.5 with slight variation in intensity. The Tarai, Chure, and Middle and High Mountain
districts of Sudurpaschim Province and Karnali Province are projected to have the highest positive
change of temperature while the lowest increment is expected in the Hill districts of Gandaki
Province and Province one. The average annual changes in the mid-term period are 1.02°C with
a maximum of 1.24°C and a minimum is 0.96°C. In the long-term period of RCP 8.5, the average
national change of temperature is projected by 1.82°C with the maximum changes (positive) is
expected in the Kanchanpur district of Sudurpaschim Province with 2.09°C. A minimum of 1.64°C
is expected in the Tehrathum and Panchthar, Hill districts of Province one.
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Figure 13: Mid-term and long-term temperature scenario in RCP 4.5 and 8.5"

4.3.2 Precipitation Scenarios

In the medium term of RCP 4.5, the average annual precipitation change is projected to increase by
2.1 percent while a 7.9 percent increment is projected in the long term. The spatial variation is high
in both periods, which varies from -0.32 percent to 5.51 percent. The highest increment is expected
in Mahottari of Province two, while it is expected to decrease in Jumla and Kalikot of Karnali
Province. However, in the long-term period, the precipitation is projected to increase across the

12 Figure 13 shows the projected temperature in two RCP scenarios in medium-term (2030) and long-term (2050) periods
across Nepal. The upper panel shows the changes of temperature for RCP 4.5 and the lower panel shows the changes of
temperature for RCP 8.5 in the medium term.
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country with the highest increment i.e. 12.28 percent in Mustang, and lowest in the High, and
Middle mountain district of Province one with a 3.27 percent increment. In RCP 8.5 medium term,
the average annual precipitation is projected to increase by 6.4 percent while it is 12.1 percent in
the long-term period (Figure 14).
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Figure 14: Mid-term and long-term precipitation scenario in RCP 4.5 and 8.5"

4.3.3 Extreme Events Scenarios

The considered extreme climate indices for this assessment include a number of rainy days, very
wet days, extreme wet days, consecutive dry days, consecutive wet days, cool days, cool nights,
warm nights, warm days, warm spell duration, and cold spell duration, which are is presented in
Table 7. The findings below show that extreme climatic events, especially related to temperature,
are likely to be more frequent and more severe.

13 Figure 14 shows the projected precipitation in two RCP scenarios in medium-term (2030) and long-term (2050) periods across Nepal. The
upper panel, Figure 14 (a) medium-term and (b) long-term, shows the changes of precipitation for RCP 4.5 and the lower panel shows the
changes of precipitation for RCP 8.5 in the medium term- left.
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Future Climate Extreme Indices

Extreme
indices
Change in
Very Wet
Days (VWD) %
Change in
Extreme Wet
Days (EWD) %

Change in
number of
rainy days %
Change in
Consecutive
Wet Days
(CWD) %

Change in
Warm Days
(WD) %

Change in
Warm Nights
(WN) %

Change in
Cold Days
(CD) %

Change in
Cold Nights
(CN) %

Consecutive
Dry Days
(CDD) %
Warm Spell
Duration Index
(WSDI) %
Cold Spell
Duration
Index (CSDI)
%

Projected changes

The very Wet Days (VWD) are projected to increase in most of the districts in both medium (2030) and long-
term (2050) scenarios. However, most of the districts of Karnali Province and Sudurpaschim Province in RCP
4.5 (2030) are projected to experience a decrease in very wet days.

In RCP 4.5 (2030), the eastern region of the country has a higher increment in the EWD whereas the
increment is decreasing as we move towards the western region. In RCP 8.5 2030, most of the districts

of Lumbini Province and Karnali Province are expected to experience more EWD (percent) compared to
districts of other Provinces. The western part of the Gandaki Province is expected to observe more change
(increase) in EWD compared to districts east of Gandaki Province.

The number of rainy days under RCP 4.5 (2030) is projected to decrease in all districts. The change in the
number of rainy days is less in Province one as compared to other Provinces. In RCP 8.5 (2030), the number
of rainy days is projected to decrease significantly in most of the districts of Province two as compared to
other Provinces. Arghakhanchi (0.12) is the only district to have an increase in the number of rainy days.
The changes in CWD are increasing in some part of the country while decreasing in other in both RCPs for

the medium (2030) and long-term (2050). Specifically, in RCP 4.5 scenarios the districts of Chure and Tarai are
predicted to have a decrease in CWD. In the RCP 8.5 scenario, the eastern region of the country is predicted to
have a negative charge, but the western region of the country is predicted to have positive change. The range of
the change is also high as we move from medium-term (2030) and long-term (2050) in both scenarios i.e., RCP 4.5
and RCP 8.5.

Warm Days (WD) are predicted to increase in both the medium and long-term in both the RCPs scenarios.
Moreover, the rate of increase in WD is also more in RCP 8.5 than in RCP 4.5. More specifically, the eastern part
of the country is predicted to have more warm days as compared to the western part. Among the Provinces,
Province one is predicted to have more WD as compared to other Provinces. The rate of the change keeps
increasing as we move from medium-term (2030) and long-term (2050) in both scenarios i.e., RCP 4.5 and RCP 8.5.
Warm Nights (WN) are predicted to increase in all districts in both the medium and long term under the RCPs
scenarios. Moreover, the rate of increase in WN is also more in the long term than in the medium term or in

RCP 8.5 than in RCP 4.5. More specifically, the Tarai and the Siwalik regions are predicted to have more warm
nights in the future. On the contrary, the mountainous districts, especially of Gandaki Province, Karnali Province,
and Sudurpaschim Province are predicted to have less increase in warm nights. The rate of the change keeps
increasing as we move from medium-term (2030) and long-term (2050) in both scenarios i.e., RCP 4.5 and RCP 8.5.
Cold days are predicted to decrease in both medium and long-term in both RCPs scenarios. More
specifically, the western part of the county is predicted to experience the lowest rate of decrease in Cold
Days (CD) as compared to the eastern part. Among the Provinces, Province one is predicted to have a lower
rate of decrease in CD than other Provinces. In RCP 4.5 scenarios, Province two is predicted to experience
the lowest rate of decrease in CD. On the contrary, in RCP 8.5 scenarios the mountainous districts of
Province one are predicted to experience the highest rate of decrease in cold days in the future.

Cold Nights (CN) are predicted to decrease in both the medium and long-term in both RCPs scenarios. More
specifically, the western part is predicted to experience the lowest rate of decrease in CN as compared

to the eastern part. Among the Provinces, Province two in RCP 4.5 scenarios are predicted to experience
the lowest rate of decrease in CN. On the contrary, in RCP 8.5 scenarios the Tarai and Siwalik districts of
Province one are predicted to experience the lowest rate of decrease in cold nights.

In RCP 4.5 (2030), the Consecutive Dry Days (CDD) is projected to increase in all the districts. More
specifically CDD is projected to increase more in the districts of Lumbini Province. Whereas, CDD is
predicted to increase less in the districts of Province one compared to other Provinces.

Warm Spell Duration (WSDI) is projected to increase in all districts in RCP 4.5 2030. The WSDI in the eastern
region of the country is projected to increase more whereas the change will decrease as we move towards
the western part of the country.

The CSDl is predicted to decrease in most of the districts in both medium and long-term under the RCPs scenarios.
The Saptari district of Province two under RCP 8.5 in 2030 is predicted to experience a slight increase in CSDI.
Moreover, the western Provinces/districts in both RCPs are predicted to have lesser CSDI than the central and the
eastern districts. Province-wise comparison shows that Province two is expected to experience a minimum rate
of decrease in CSDI as compared to other Provinces. The rate of the change keeps increasing as we move from
medium-term (2030) and long-term (2050) in both scenarios i.e., RCP 4.5 and RCP 8.5.
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4.4 Climate-Induced Hazards

4.4.1 Trend of Climate-induced Hazards

The trend of several climatic hazards was examined using data from the Deslnventar database and
the Nepal Disaster Risk Reduction Portal encompassing 49 years (1971-2019). The trend analysis of
11 climatic hazards (Thunderbolt, Windstorm, Epidemic, Heavy Rainfall, Landslide, Flood, Avalanche,
Hailstorm, Heatwave, Coldwave, and Snowstorm) revealed a significant increase in climatic hazards,
particularly after 1990. The trend of 11 climatic hazards in Nepal is illustrated in Figure 15.
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Figure 15: All Nepal trends of climatic hazards in Nepal: a) trend of 11 hazards;
b) trend of fire and forest fire; ¢) trend of drought events and areas
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The most common hazards are fires and forest fires. The International Centre for Integrated
Mountain Development created the Forest Fire Detection and Alert Information System for
Nepal using data from the National Aeronautics and Space Administration's (NASA) Moderate
Resolution Imaging Spectroradiometer sensors (MODIS) . ICIMOD provided forest fire data from
2001 to 2019. Figure 15b shows fire and forest fire event trends. Both fire and forest fire events
are becoming more common. The meteorological droughts are defined as the events with the
Standardized Precipitation Index (SPI) values less than or equal to -1. The raster data of SPI from
1981 to 2019 was obtained from ICIMOD. The analysis of SPI from 1981 to 2019 showed that the
average duration of drought is about 3.4 months (102 days) per year. On average, about 56 percent
area of Nepal is affected by drought. Figure 15¢ shows the trends of drought events in the month
and drought-affected areas from 1981 to 2019. There are also reported drought cases in 2020/2021
in Nepal impacting the agriculture sector. However, both drought events (months) and drought-
affected areas are in decreasing trend but the trends are not statistically significant.

Table 8 below presents the results of the Mann-Kendall test and Sen’s slope for 14 climatic hazard
events. Among 14 climatic hazards, all-hazards except drought are in increasing trend. The drought
events are in decreasing trend. However, the contextual drought cases may have increased such as
specific drought in some regions and districts. While trends of epidemic, avalanche, hailstorm, and
drought are statistically insignificant, the trends of the other 12 hazards are statistically significant
at a b percent level.

Mann-Kendall test statistics for linear trend of 14 climatic hazard events

Hazard Z-statistic P-value Sen'’s Slope Significance (5 percent)
Fire 6.40 0.00 7.32 Yes
Thunderbolt 7.44 0.00 2.70 Yes
Windstorm 5.23 0.00 0.57 Yes
Epidemic 1.63 0.10 1.16 No
Heavy Rainfall 453 0.00 0.25 Yes
Landslide 6.62 0.00 2.70 Yes
Flood 5.43 0.00 2.64 Yes
Avalanche 1.61 0.1 0.03 No
Hailstorm 0.34 0.74 0.00 No
Heat wave 2.18 0.03 0.00 Yes
Cold wave 3.70 0.00 0.00 Yes
Snowstorm 2.60 0.01 0.04 Yes
Forest fire 1.96 0.05 83.50 Yes
Drought -1.73 0.08 -2.39 No

The survey conducted by the Central Bureau of Statistics (CBS) of the Government of Nepal
provided data on people’s knowledge and perception about climate change, climate-induced
disasters, human and socio-economic impacts, and adaptation practices (CBS, 2017). The survey
revealed that most households are observing climate change and increase in different climate-
induced disasters including floods, landslides, drought, hailstorms, and disease/insects in the last
25 years. About 99.33 percent of respondents have observed ascending incidences of drought
in the last 25 years, followed by disease/insects (97.69 percent), landslides (78.12 percent), and
inundations (51.47 percent). Similarly, all households in the central mountain region reported
an increase in coldwaves while they observed a decrease in coldwave in central hills. Likewise,
56.25 percent of eastern Tarai households have observed an increase in heatwaves. All sub-alpine
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households perceived an increase in droughts, landslides, avalanches, and diseases/insects. The
majority of households (64.05 percent) in the temperate zone observed an increase in fires in the
last 25 years.

Flood: The quantitative baseline context of climatic hazards is obtained for historical climate using
the indicators. Baseline context and district-wise rank of flood hazard based on historical climate
(1971-2019) are given in Figure 16 and Table 9 respectively. The district-wise rank of flood hazard
based on the historical climate shows that Sunsari, Kailali, Morang, Jhapa, Rautahat, Bardiya,
Sarlahi, and Saptari districts are the most flood-prone districts and identified as “Flood Hazard
Hotspots”.
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Figure 16: Baseline context of flood hazard based on historical climate

Table 9: District wise rank of baseline context of flood hazard based on historical climate

Hazard Rank Districts for baseline context of flood hazard (1971-2019)

Very High (0.731 - 1) Sunsari, Kailali, Morang, Jhapa

High (0.595 - 0.730) Rautahat, Bardiya, Sarlahi, Saptari

Moderate (0.412 - 0.594) Kapilbastu, Rupandehi, Bara, Chitawan, Dhanusha, Kanchanpur, Mahottari, Parsa
Low (0.170 - 0.411) Makawanpur, Udayapur, Banke, Siraha, Sindhuli, Dang, Nawalpur, Kaski, Parasi

Dhading, Rolpa, Humla, Mugu, Rasuwa, Myagdi, Lamjung, Dolakha, Dhankuta, Terhathum,
Nuwakot, Sankhuwasabha, Baglung, Western Rukum, Sindhupalchok, Gorkha, Solukhumbu,
Lalitpur, Tanahu, Kavrepalanchok, Dailekh, Bhaktapur, Parbat, Pyuthan, Darchula, Syangja,
Dolpa, Surkhet, Achham, Arghakhanchi, Baitadi, Palpa, Bhojpur, Salyan, Mustang, Doti, Manang,
Eastern Rukum, Khotang, Okhaldhunga, Bajura, Kalikot, Taplejung, Panchthar, Jajarkot, Jumla,
Bajhang, Gulmi, Ramechhap, Kathmandu, Dadeldhura, llam

Very Low (0 - 0.169)
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Landslide: Baseline context and district-wise rank of landslide hazard based on historical
climate (1971-2019) are given in Figure 17 and Table 10 respectively. District wise rank of
landslide hazard based on the historical climate shows that Dhading, Sankhuwasabha, Baglung,
Sindhupalchok, Dolpa, Taplejung, Rolpa, Makawanpur, Myagdi, Lamjung, Dolakha, Nuwakot,
Gorkha, Solukhumbu, Kavrepalanchok, Dailekh, Darchula, Syangja, Palpa, Khotang, Bajura,
Kalikot, Kaski, Jajarkot, Bajhang, Gulmi and llam districts are the most landslide-prone districts
and identified as “Landslide Hazard Hotspots”.
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Figure 17: Baseline context of landslide hazard based on historical climate

Table 10: District wise rank of baseline context of landslide hazard based on historical climate

Hazard Rank Districts for baseline context of Landslide Hazard (1971-2019)
Very High (0.757 - 1) Dhading, Sankhuwasabha, Baglung, Sindhupalchok, Dolpa, Kaski, Taplejung

Rolpa, Makawanpur, Myagdi, Lamjung, Dolakha, Nuwakot, Gorkha, Solukhumbu, Kavrepalanchok,

L) e ) Dailekh, Darchula, Syangja, Palpa, Khotang, Bajura, Kalikot, Jajarkot, Bajhang, Gulmi, llam

Rasuwa, Dhankuta, Western Rukum, Tanahu, Udayapur, Parbat, Pyuthan, Achham, Baitadi,
Moderate (0.366 - 0.538)  Bhojpur, Sindhuli, Salyan, Mustang, Doti, Eastern Rukum, Okhaldhunga, Panchthar, Jumla,
Ramechhap

Humla, Mugu, Terhathum, Lalitpur, Kailali, Surkhet, Arghakhanchi, Manang, Chitawan, Dang,

AT LERUE ) Nawalpur, Kathmandu, Dadeldhura

Kapilbastu, Sunsari, Rautahat, Bardiya, Bhaktapur, Banke, Siraha, Rupandehi, Morang, Bara,

i e R Dhanusha, Kanchanpur, Jhapa, Sarlahi, Mahottari, Parasi, Parsa, Saptari

Heatwave and cold wave: The heatwaves have increased in recent years in Banke, Bara, Bardiya,
Kapilbastu, Parsa, Rautahat, Rupandehi, Saptari, and Sunsari districts. These districts have also
shown an increasing trend in annual maximum temperature and warm spell duration. The cold
wave affected districts are Mahottari, Saptari, and Rautahat. However, these districts have shown
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an increasing trend in annual minimum temperature and a decreasing trend in cold spell duration
in recent years, and hence cold waves are expected to decrease in these districts in the future
(Figure 18).
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Figure 18: Baseline hazard Map: a) Heatwave, b) Cold Wave

Snowstorms: The trend analysis of snowstorms from 1971 to 2019 shows an increasing trend
(Figure 19). The most snowstorm-affected districts are Humla, Jumla, Dolpa, and Taplejung. These
districts have also shown decreasing trend in winter minimum temperature. However, with an
increase in temperature, the snowstorms may decrease in the future.
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Figure 19: Baseline hazard Map: a) Snowstorm, b) Thunderbolts

Thunderbolts: Thunderbolts or lightning have increased in recent years in Makawanpur, Jhapa,
Morang, and Udaypur districts. The trend of thunderbolt events in the Makawanpur district was
compared with the trend of the annual average temperature and rainfall. Figure 20 shows the
trend of thunderbolt events and annual average temperature and their relationship in Makawanpur
district. Both trends for thunderbolt events and annual temperatures are increasing. The number
of thunderbolt events increases when the annual temperature increases.
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Figure 20: Trend of thunderbolt events and annual average temperature and their relationship

Similarly, Figure 21 shows the trend of thunderbolt events and annual rainfall and their relationship
in the Makawanpur district. Both thunderbolt events and annual rainfall are in increasing trend.
The number of thunderbolt events increases when the annual rainfall increases.
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Figure 21: Trend of thunderbolt events énd annual rainfall and their relationship

Windstorm: In Nepal, windstorm hazards are increasing in recent years in Achham, Morang,
Saptari, Kailali, and Bardiya districts. Figure 22 shows the trend of the windstorm events and
annual maximum temperature and their relationship in the Morang district. Both the windstorm
events and annual maximum temperature are in increasing trend. The number of windstorm
events increases when the annual maximum temperature increases.
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Figure 22: Trend of windstorm events and annual maximum temperature and their relationship
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Hailstorm: Hailstorm hazards are increasing in recent years but they are not statistically significant.
The most hailstorm-affected districts are Kaski, Parbat, Tanahu, Syangja, and Myagdi. In the last
49 years (1971-2019), 569 hailstorm events have occurred in various districts of Nepal (Figure 23).
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Figure 23: Baseline hazard Map: a) Windstorm, b) Hailstorm

Avalanche: The trend analysis of avalanche hazards shows an increasing trend in recent years in
Solukhumbu, Kaski, Manang, and Dolpa districts but they are not statistically significant. With an
increase in temperature in the future, avalanches are expected to increase (Figure 24).
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Figure 24: Baseline hazard Map: a) Avalanche, b) GLOFs

Glacial Lake Outbursts Floods (GLOFs): In response to climate fluctuations, glaciers grow and
shrink in length, width, and depth. Receding and wasting glaciers are a sign of global climate
change. With the melting of glaciers, glacial lakes are created on the lower sections. Several of
these lakes have burst in the past-producing catastrophic floods (Glacial Lake Outburst Floods)
that have destroyed infrastructure and taken human lives in the valleys downstream. Eventually,
47 glacial lakes were identified as potentially dangerous. These include 42 lakes in the Koshi, 3
in the Gandaki, and 2 in the Karnali basins (Figure 24). Of these, 25 Potentially Dangerous Glacial
Lakes (PDGLs) are in the Tibetan Autonomous Region, China, and flow across the border into
Nepal, 21 PDGLs are situated in Nepal, and one is located in India (Table 11).
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Table 11: Potentially Dangerous Glacial Lakes (PDGLs) in Nepal

Basin Sub-basin Potentially dangerous glacial lakes
Tamor 4
Arun 4
Koshi Dudh Koshi 9
Tama Koshi 1
Sunkoshi 0
Trishuli 1
Gandaki Marsyangdi 1
Kali 0
Karnali Humla 1

Drought: Dolpa, Humla, Gorkha, Mugu, and Kailali are the most drought-prone districts (Figure
25). The trend of the drought-prone areas in the Dolpa district was compared with the trend of
annual rainfall. Figure 26 shows the trend of the drought-prone areas and annual rainfall and
their relationship in the Dolpa district. The drought-prone areas are in decreasing trend whereas
the annual rainfall has no distinct trend. However, monsoon rainfall, the number of rainy days,
and consecutive wet days are in increasing trend in the Dolpa district (DHM, 2017). Besides, the
drought-prone area decreases when the rainfall increases.
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Figure 25: Baseline hazard Map of Drought
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Figure 26: Trend of drought-prone areas and annual rainfall in Dolpa district

Fire and Forest Fire: Climate change may result in longer fire seasons in some parts of the country,
easier ignition, and, therefore, potentially a greater number of fires, faster fire spread, increased
fire intensities, more prolonged fire, and greater areas/settlements burned. It may result in more
difficult fire suppression and increase fire suppression costs and damages.
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Figure 27: Baseline hazard Map: a) Fire, b) Forest Fire

Weather elements influence the spread and control of fire. The key weather elements that increase
fire risk and danger are temperatures, humidity, wind speed, and rainfall. The interaction between
increasing temperature and wind speed and decreasing rainfall and humidity in each region are
key influences on fire risk. Potentially hotter, windier, and drier weather in the future will increase

fire risk.
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Figure 28: Trend of fire events and annual maximum temperature and their relationship
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In Nepal, fire hazards are increasing in recent years in Kathmandu, Morang, Saptari, Sunsari,
and Jhapa districts (Figure 27). The trend of the fire events in the Morang district was compared
with the trend of the annual maximum temperature and rainfall. Figure 28 shows the trend of the
fire events and annual maximum temperature and their relationship in the Morang district. Both
fire events and annual maximum temperature are in increasing trend. The number of fire events
increases when the annual maximum temperature increases. Similarly, Figure 29 shows the trend
of fire events and annual rainfall and their relationship in the Morang district. The fire events
are in increasing trend. However, annual rainfall has no distinct trend. The number of fire events
decreases when the annual rainfall increases. However, the occurrence of fire is triggered by many
factors and climatic parameters are just the triggering factors.
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Figure 29: Trend of fire events and annual rainfall and their relationship

In Nepal, forest fire hazards are increasing in recent years in Bardiya, Chitawan, Parsa, and Surkhet
districts. The trend of forest fire events in the Bardiya district was compared with the trend of
pre-monsoon rainfall and annual maximum temperature. Figure 30 shows the trend of forest fire
events and pre-monsoon rainfall and their relationship in the Bardiya district. Forest fire events are
in increasing trend whereas pre-monsoon rainfalls are in decreasing trend. The number of forest
fire events decreases when the pre-monsoon rainfall increases.
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Figure 30: Trend of forest fire events and pre-monsoon rainfall and their relationship

Similarly, Figure 31 shows the trend of forest fire events and annual maximum temperature and
their relationship in the Bardiya district. Both forest fire events and annual maximum temperature
are in increasing trend. The number of forest fire events increases when the annual maximum
temperature increases.
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Figure 31: Trend of forest fire events and annual maximum temperature and their relationship

However, it is important to note that forest fire occurrence in the protected areas and national and
community forests might be influenced by controlled burning practices that happen every year to
ensure the growth of grassland.

Epidemics: Analysis of 49 years (1971-2019) of epidemics data revealed that Morang, Dang,
Jajarkot, and Banke are the most epidemics-affected districts in Nepal. The trend of the epidemic
events in the Dang district was compared with the trend of the annual rainfall and annual maximum
temperature. Figure 32 shows the trend of the epidemic events and annual rainfall and their
relationship.
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Figure 32: Trend of epidemic events and annual rainfall in Dang district

Similarly, Figure 33 shows the trend of epidemic events and annual maximum temperature and
their relationship. The epidemic events are in increasing trend whereas the annual rainfalls are in
slightly decreasing trend and maximum temperatures are in increasing trend. Observed climate
trend analysis by DHM (2017) showed that annual rainfall in Dang district is in decreasing trend and
consecutive dry days are in increasing trend. Similarly, annual temperature, warm days, and warm
spell duration are in increasing trend. A warm and dry climate provides a favorable condition for
the growth and spread of vector-borne and water-borne diseases.
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Figure 33: Trend of epidemic events and annual maximum temperature in Dang district

Summary: The significant increasing trends in the frequency of several climatic hazards show a
strong linkage between climate change and an increase in climatic hazards. The observed increase
in climatic hazards may be attributed to a “complex set of interactions between the physical
earth system, human interference with the natural world and increasing vulnerability of human
communities'"”. The IPCC (2014) also suggests that there is very high confidence that “in urban
areas climate change is projected to increase risks for people, assets, economies, and ecosystems,
including risks from heat stress, storms, and extreme precipitation, inland flooding, landslides, air
pollution, drought, and water scarcity”.
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Figure 34: Baseline hazard Map of Epidemics
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14  https://theconversation.com/explainer-are-natural-disasters-on-the-rise-39232 Accessed 21st March 2021.
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4.4.2 Future Scenarios of Climatic Hazards

Information that enables the characterization of a future climatic hazard scenario is sourced either
from the data from past hazard occurrence (Sharma and Patwardhan, 2008) or models (Lung et al.,
2013; Metzger et al., 2006). However both sources, past hazard-based and model-based information,
at best enable an approximation of the anticipated hazard and thus involve uncertainty (Jagmohan
and Ravindranath, 2019). Future scenarios of climatic hazards can be inferred using the scenarios
of temperature, precipitation, and climate extreme indices as indicators which can be expressed
in descriptive terms.

The climatic hazards may become more frequent, widespread, long-lasting, or intense under future
climate change. There might be multiple events at the same time across different regions, which
may turn to be catastrophic. Coupled with degrading ecosystems and biophysical processes under
climate change, the climatic hazards may create chronic stresses and catastrophic shocks. The
manifestation of climate change may be observed in the following forms (European Aid, 2010):

Change in variability and extremes:

e Rainfall variability, seasonality — droughts, predictability

e Changes in peak precipitation intensity (flood and landslide risk)
e Changes in storm activity/behavior/geographic distribution

e Heatwaves, wildfires, pollution events, etc.

Long term changes/trends in average conditions:
e  Warmer, wetter, drier, more saline groundwater
e  Shifts in climatic zones, ecological/species ranges

Abrupt /singular changes:

e Monsoon shifts, circulation changes
e lLandscape and ecosystem transitions
e Glacial lake outbursts

Climate-induced hazards in Nepal will be intense and more damaging in the future. Chapter six

presents the descriptive scenarios of climatic hazards under future climate change inferred from
the scenarios of climate variables and extreme indices as indicated in the same chapter.
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Chapter 5

Observed and Perceived
Impact of Climate Change

Climate change has had an impact on natural and human systems throughout
Nepal. This chapter presents the loss and damage, as well as the observed
and perceived climate change impacts on key sectors. Climate variability and
climate-induced disaster events are attributed to the evidence of climate change
impacts, which is largely drawn from the literature review and consultations
with stakeholders. The impact of recent climate-related extreme events reveals
significant vulnerability and exposure to climate variability in ecosystems,
livelihood resources, and human systems.

5.1 Loss and Damage from Climate-Induced
Hazards/extreme events

The trend of the number of deaths and economic losses from climate-induced
disasters were analyzed from 1971 to 2019. Figure 35 shows climate-induced
disaster deaths and economic losses from 1971 to 2019 and Locally Estimated
Scatterplot Smoothing (LOESS) lines indicate the trends. While climate-induced
disaster-related deaths are decreasing in recent years mainly due to improved
early warning systems and better mitigation structures, there is an increasing
trend of economic losses due to increased exposure and vulnerabilities.



} ) ...
Vo e

2000 7E+10
1s0p |~ Deaths ——10EsS —— Economic Loss ——LOESS
6E+10 i
1600
l 3
1400 ‘ % S5E+10
. 1200 8 aks10
= i Y a
= 1000 v 2
& 800 V L N 2 36+10
NP4 L g
600 A § 26410 "
100 A \ A I P’ \ Mr q
A N i 1810
200 =y V
[1] T T T T ! o y ; T )
1970 1980 1990 vear 2000 2010 2020 1970 1280 1990 g, 2000 2010 2020

Figure 35: All Nepal trend of climate-induced disaster deaths

On average, 647 people die from climate-induced disasters in Nepal each year which is about
65 percent of the total deaths from all disaster events except road accidents (MoHA, 2018). The
maximum number of climate-induced disaster deaths occurred in 2001. In 2001 alone, 1,866 people
lost their lives due to due to epidemics, landslides, thunderbolts, fire, flood, heavy rainfall, and
windstorm. The average economic loss per year is NPR 2,778 million which is about 0.08 percent
of GDP (at the current price) of FY2018/19. The maximum economic loss of NPR 63,186 million
occurred in 2017 during the Tarai floods (NPC, 2017), which is about 2.08 percent of GDP (at current
price) of FY2017/18 (MoF, 2018).

Floods, landslides, epidemics, and fire are the most devastating climate-induced disasters in
Nepal. Figure 36 shows the percentage of deaths, affected population, and economic losses due
to 13 types of climate-induced disasters in Nepal from 1971 to 2019. Hazard-wise comparison of
deaths affected population and economic losses revealed that epidemics cause the most deaths
(52.8 percent) followed by landslides (16.7 percent) and floods (12.7 percent). However, statistics
point out that floods affect about 71 percent of the total affected population followed by landslides
(9.5 percent) and epidemics (8.2 percent). Fire causes the most economic losses (56.6 percent)
followed by floods (31 percent) and landslides (3.7 percent).
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Figure 36: Hazard wise deaths, affected people, and economic losses due to climate-induced disasters

The findings show the district-wise climate-induced disaster deaths per year. Kailali, Makwanpur,
Banke, and Sarlahi districts have more than 20 deaths per year on average. It further shows the
number of people injured per year and figures 36 show the number of people affected annually by
climate-induced disasters in Nepal. On average, more than 9,000 people have been affected yearly
by climate-induced disasters in Mahottari and Saptari districts. Besides, the analysis shows the
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economic losses per year by climate-induced disasters. The districts with high economic losses
are Siraha, Surkhet, and Bardiya. Figure 37 shows the overall (human and economic) impact of

climate-induced di

Table 12 presents

sasters under historical climate.

the district-wise rank of the overall impact of climate-induced disasters. Based

on impacts, Makawanpur, Rautahat, Banke, Kailali, Siraha, Morang, Doti, Chitawan, Dhanusha,
Sarlahi, Mahottari, Parsa, Saptari, Sunsari, Sindhupalchok, Dang, Kaski, Kanchanpur, and Jhapa
districts are the climate-related “disaster hotspots”.
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Figure 37: Overall impact of climate-induced disasters

ise rank of the overall impact of climate-induced disasters

Impact Rank
Very High (0.715 - 1)

High (0.512 - 0.714)
Moderate
(0.317 - 0.511)

Low (0.146 - 0.316)

Very Low (0 - 0.145)

Districts for Historical Impact Trend (1971-2019)

Makawanpur, Rautahat, Banke, Kailali, Siraha, Morang, Doti, Chitawan, Dhanusha, Sarlahi, Mahottari,
Parsa, Saptari

Sunsari, Sindhupalchok, Dang, Kaski, Kanchanpur, Jhapa

Dhading, Baglung, Bardiya, Gorkha, Surkhet, Achham, Baitadi, Rupandehi, Sindhuli, Bara, Kalikot,
Jajarkot

Rolpa, Humla, Kapilbastu, Mugu, Rasuwa, Myagdi, Dolakha, Nuwakot, Sankhuwasabha, Western

Rukum, Solukhumbu, Tanahu, Kavrepalanchok, Dailekh, Udayapur, Pyuthan, Syangja, Dolpa, Palpa,
Bhojpur, Salyan, Khotang, Bajura, Taplejung, Jumla, Parasi, Gulmi, Ramechhap, Kathmandu, llam

Lamjung, Dhankuta, Terhathum, Lalitpur, Bhaktapur, Parbat, Darchula, Arghakhanchi, Mustang,
Manang, Eastern Rukum, Okhaldhunga, Nawalpur, Panchthar, Bajhang, Dadeldhura

In Nepal, the Loss and Damage (L&D) due to climate change is increasing and is projected to

increase in the fut

ure, but it will not be easy to assess them for two reasons. First, the ability to

attribute impacts to specific weather events has not been established. Second, there is no globally
accepted approach to assessing climate change-induced L&D.
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52 Observed Impacts on Sectors

5.2.1 Observed Impacts on Agriculture and Food Security

Crop, horticulture, and grazing land: The key extreme events and hazards impacting the agriculture
sector include droughts, floods, hailstorms, cold waves, heatwaves, thunderstorms, and insect and
disease pests. Climate-related extreme events and hazards impact large tract of agricultural land in
different crop growing seasons. For instance, between 2002 and 2009, the largest area affected was
rice followed by maize, and the biggest impact was experienced in 2002 followed by 2006 and 2004
(IFAD, 2013). Among all hydro-meteorological hazards in Nepal, drought, a slow onset widespread
disaster, ranks top in terms of impact on crops. Drought and slow onset of monsoon act to delay
planting (Bhatta et al., 2016; Chaudhary and Aryal, 2009), which in turn leads to poor crop germination,
flowering/grain, and fruit setting and eventually declining productivity. There were 16 major drought
events recorded between 1972 and 2016 in different parts of the country, which caused crop loss
ranging from 56,000 (2013) to 917,260 (1992) metric tons each year (Adhikari, 2018). Between 1971 and
2007, nearly 850,000 ha of crops were lost to weather- and climate-related events. Droughts accounted
for 38.9 percent of lost crops and floods for 23.2 percent (UNDP, 2009). In 2006, drought contributed to
the loss of 11 percent rice yield and 7 percent wheat yield in Nepal. The continuous rainfall between
August 11 and 14, 2017 flooded 35 districts (18 districts severely affected) and inundated about 80
percent of the land along the Tarai region. A total 58 percent of the total loss and damage caused by
the flood was accounted for agriculture, livestock, and irrigation infrastructure (NPC, 2017).

Hailstorms, cold waves, and heatwaves adversely affect crop yield mainly in the mid-hills and the
Tarai region of Nepal. Hailstorms damage cereal crops, vegetables, and fruits at all stages thus
causing a yield decline. Cold waves affect crops particularly belonging to the solanaceous family
such as potatoes, tomatoes, and chilies. Insects and disease pests are also major hazards affecting
agriculture. Between 1971 and 2007, 847,648 hectares of land sustained crop loss due to different
climate-related extreme events of which drought alone accounted for 329,332 hectares (40 percent
of total loss). The 1998 winter cold wave drastically reduced crop yields such as chickpeas by
38 percent, lentils by 37.6 percent, leaf mustards by 36.5 percent, potatoes by 27.8 percent, and
mustard seeds by 11.2 percent (NARC, 1987/88 to 1997/98).

The recent analysis revealed that the changes in maximum temperature, minimum temperature,
and precipitation have a direct contribution to the yield of major crops. The existing literature on
projection and scenario analysis shows that climate change will have a substantive impact on crop
yield and production. An IFAD report shows a 6.77 percent decline in rice yield and a 5.66 percent
increase in wheat yield by 2050 and a 12.90 percent decline in rice yield and a 9.77 percent decline
in wheat yield by 2080 in comparison to 2011 due to changing temperature and precipitation (GoN/
MoPE, 2016) Rice and wheat yields will decline across the Tarai while maize yields will increase in
Sunsari and decrease in Banke and Rupandehi (Devkota et al., 2017). In the Hills, rice, maize, and
wheat yields will decline in 2070 compared to 2030. In the mountains, Jumla and Mustang will lose
and Solukhumbu will gain rice yields but lose maize yields in 2070 compared to 2030, whereas
wheat yields will increase in Jumla but decline in Mustang and Solukhumbu Districts.

Agrobiodiversity: Climate change has also impacted agricultural biodiversity. Depending on their
nature, extent, and intensity, sometimes whole crops, varieties, or genes are wiped out from a
locality. It is reported that farmers cannot harvest anything at all when droughts affect growth and
reproduction, floods inundate entire land for days, insect and disease damage crops, and weeds
outperform crops. On the contrary, positive impacts have been observed in higher altitude regions
where new crops, vegetables, and fruit trees such as maize, tomato, chilly, mango, litchi, etc.,
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have been introduced (Chaudhary and Aryal, 2009; Chaudhary and Bawa, 2011). In 2005, drought
caused about 10 percent of agricultural land to become fallow in some areas, while in the mid-
western Tarai heavy rain along with floods reduced crop production by 30 percent (Regmi, 2007).

Livestock and animal husbandry: Livestock, poultry, and fishery are found impacted by rising
temperatures by negatively affecting weight gain, reproduction, breeding pattern, feed intake and
conversion efficiency, heat stress, morbidity, vector (such as ticks and flies) borne diseases, parasitic
diseases (liver fluke and nematodes), ectoparasite infestation, and new skin diseases in animals (KC,
2014). Fatigue, foot and mouth diseases, cough, cold are also reported as the consequences triggered
by climate change (Chaudhary and Aryal, 2009; Chaudhary et al., 2011). Livestock productivity is
affected when various management activities such as the timing of herd movement and fodder and
forage productivity are influenced by weather and climate change (Pokhrel and Pandey, 2011; Sherpa
and Kayastha, 2009). The population of indigenous livestock breeds is in sharp decline mainly because
of disease outbreaks linked to climate. However such breeds of goats and yaks are more resilient to
water and fodder and forage shortages in some regions (Koirala and Bhandari, 2019). There are six
major impacts of climate change on livestock which include increasing incidence of disease pests,
depleting grass and feed, stress due to heat, appetite loss, and, as a result, decreasing milk production,
and death of animals (Shrestha and Baral, 2018). The incidence is felt in diseases and external parasites
in animals, loss of forages and fodders, heat stress, water scarcity, infertility, the decline in the milk
yield, and lactation period (Dhakal et al., 2013). These changes cause negative impacts on livestock
production, growth performance, and reproductive functions (Koirala and Bhandari 2019).

Fishery and aquaculture: The temperature rise has led to the deterioration in the quality of water-
induced stresses and new diseases in fish. It also degrades fishery habitat, prompts the decline
of fishery stocks, reduces the productivity of freshwater aquaculture, leads to the decline of local
species, hits the economy, and livelihood of fishing communities (Wagle, 2011). Flooding is one of
the main causes of fish productivity decline. There has been massive damage by the 2017 flood in
fishponds of the Chitawan (Storming, 2017).

5.2.2 Observed Impacts on Forests, Biodiversity, and Watershed
Management

Loss and Damage on species and human population: In terms of the sector, the increase in
temperature, precipitation change, extreme events, and climate-induced disasters have both positive
and negative impacts. However, negative impacts are more numerous. For example, a growing
incidence of animal death, injury, and wild animals being swept away are observed in and around
Tarai protected areas, especially in Chitawan National Park during heavy rainfall and flash floods.
Riverine forests and waterholes along the Narayani and Rapti rivers are foraging habitats for several
wild animals including rhinoceros (Subedi et al., 2017). During rainy seasons rhinoceros’ calves and
other animals are highly susceptible to flash flooding (NTNC, 2020; Subedi et al., 2017).

Forests in Nepal are permanent livelihood sources and safety nets for over 65 percent of the
population (Amatya, 2013). The impact of climate change on the livelihoods of forest-dependent
populations and communities has become severe for women, IPs, Dalit, and poor households.
They are the ones who mostly rely on forest resources for their survival, income sources, and
employment opportunities (Goodrich et al., 2017; UNEP, 2010). These social groups are already
discriminated against for accessing quality forest resources. The diminished availability of forests
product will further aggravate access to quality forest resources (Khanal et al., 2019). The usual
working hours for women of Western Nepal are reported to be over 18 hours a day mostly for
collecting fuelwood, grass, and fodder (Gum et al., 2009; Sugden et al., 2014).
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Increased incidences of a forest fire: Forest fires in Nepal are a serious risk to forest degradation with
the increase in observed climate variability including droughts, long-warm days, and heatwaves.
An increasing trend of forest fire incidences are reported in the high-value lowland forests of Tarai
and Siwaliks (Bhujel et al., 2020; Rimal et al., 2015) and the year 2016 was the year with the highest
number of incidences (about 10,658) recorded across Nepal (Bhujel et al., 2018).

Invasive plant and animal species: Several types of impact on species diversity have been
observed due to climate-induced hazards and risks (Pant et al., 2019, 2020). The invasion and rapid
expansion of alien species have emerged as a major threat to both wetland and terrestrial species
diversity especially fauna and endemic plants (Siwakoti et al., 2016; Shrestha and Shrestha, 2019).
The distribution and occurrence of invasive alien plant species (IAPS) are found to be gradually
increasing at a faster rate in recent years spreading across all forest management regimes
including community forests, government-managed forests, and protected areas impacting floral
and faunal biodiversity (Bhatta et al., 2020; Chaudhary et al., 2020; Khaniya and Shrestha, 2020;
Lamichhane et al., 2018; Rai and Scarborough, 2012; Shiwakoti et al., 2016; Shrestha, 2017). The
IAPS expansion previously restricted to Tarai, Siwalik, and lower hills is now increasingly reported
in high mountains areas where 24 species distribution are found across 70 districts (Shrestha and
Shrestha, 2019).

The rapid expansion of Mikania micrantha has posed a threat of shrinking and destruction of
rhino habitat in the Chitawan National Park with high intensification in wetlands habitat and short
grassland (Lamichhane et al., 2014). Rhinoceros are likely to be moderately vulnerable under
climate change due to invasive species invasion, floods, habitat fragmentation, small population
size, droughts, and forest fires in protected areas (Pant et al., 2020). Adhikari and Shah (2020)
projected a loss of suitable habitats of rhinoceros by 51.25 percent and 56.54 percent under RCP
4.5 for 2050 and 2070 respectively.

Alien plantinvasive fauna has become an emerging threat especially to faunal diversity conservation
in Nepal (Budha, 2015, GoN, 2014). The status, distribution, and impact of these invasive alien
fauna on biodiversity conservation in the face of climate change are poorly investigated and
documented. Budha (2014) has identified 69 species of alien fauna in Nepal that comprise insects
(21 species), freshwater prawn (one species), platyhelminths (one species), fish (16 species), wild
mammals (2 species), birds (3 species), and livestock breeds (25 improved breeds). Invasive alien
fish species such as Nile tilapia have been reported to be problematic to native fish species in
Nepal and other freshwater species (Husen, 2014).

Infestation of insects, pests, and pathogens: Several cases of loss and degradation of both natural
and plantation forests have been reported due to the infestation of insects, pests, and pathogens.
Seedlings in forest nurseries were recorded in feeble condition due to various fungal diseases
(Pokharel, 2017). Nepal's major tree species including Sal, Teak, Eucalyptus, Rajbrikschha (Cassia
fistula), and Vijayasal (Pterocarpus marsupium)forests were documented to be impacted by insects
and pests’ outbreaks (Malla and Pokharel, 2018). The infestation of pests and diseases and their
impact on forests will likely grow with a rise of climate-induced predisposing events including the
spread of wildfires, temperature, and expansion of warm days (MoE, 2010; MoFE, 2019¢; NCVST,
2009). The outbreak of foot and mouth diseases and parasitic infections have been reported in
isolated Blackbucks (Antelope cervicapra) (Chaudhari and Maharjan, 2017).

Vegetation shift and habitat destruction: With the changes in temperature and precipitation
patterns, the vegetation and species range are shifting upward in the northern mountain region
of Nepal. The conifer species Abies spectabilis, Betula utilis, and Pinus wallichiana are spreading
upslope in almost all regions of Nepal (Bhuju et al., 2016; Dhakal et al., 2016; Gaire et al., 2014; Gaire
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et al., 2017; Thapa et al., 2014). The estimated annual rate of these shifts varied by species and the
regions (e.g., annual shifts of A. spectabilis were 2.61 m in Manaslu area, 0.93 m in Sagarmatha,
2.4 m in Kanchenjunga, Rara, and Api-Nampa-Darchula, and annual shift of B. utilis was 0.42 m
in Sagarmatha National Park) (Bhuju et al., 2016; Gaire et al., 2011; Gaire et al., 2014; Shakya et
al, 2013). The vegetation and species range shift appeared also in Nepal’s Siwalik region with a
gradual expansion of C4 plants™ from 8.5 Ma and culminating 5.2 Ma (Neupane et al., 2019).

Most studies indicated a range shift/distribution as species-level impacts of climate change pose
threats to mountain fauna. For example, Forrest et al. (2012) projected a loss of around 30 percent
of snow leopard habitat in the Himalayas due to shifting tree lines and consequent shrinking of
the alpine zone. Aryal et al. (2016) have also predicted a decrease of snow leopard and blue sheep
habitat across Nepal by 14.57 percent in 2030 and by 21.57 percent in 2050 from the current suitable
habitat (5,435 km?) due to climate change. Similarly, water stress arising from prolonged droughts
and increased temperatures has led to a decrease in the number of deer, monkeys, porcupines,
pangolins, and bird species in the mid-hills of Nepal (TU, 2018). The red monkeys previously found
in the Siwaliks are now seen in the Mahabharat range. This may be due to a change in their
habitats associated with climate change dynamics (MoFSC, 2016).

There is an increased distribution of invasive alien species in the Tarai’'s PAs. This has degraded
the habitats of flagship wild faunas including rhinoceros (Bhatta et al., 2020; Chaudhary et al., 2020;
Lamichhane et al., 2018). The findings of a PA-scale analysis of climatic patterns using 1971-2014
data show a gradually increased annual maximum temperature over the analysis period (i.e., 1971-
2014) with the maximum temperature ranging from 0.019°C to 0.095°C. A similar trend indicates
consistent and continuous warming after the mid-1970s with maximum temperatures rising at
an annual rate of 0.04°C to 0.06°C in the country (Patra and Terton, 2017). The high-altitude PAs
including Rara National Park (RNP), Khaptad National Park (KNP), Manaslu Conservation Area
(MCA), Annapurna Conservation Area (ACA), and Shey-Phoksundo National Park (SPNP) have
experienced a higher increase in maximum temperature. These PAs are home to many endangered
species such as Snow Leopard, Red Panda, and Musk Deer and harbor numerous endangered
flora such as Rauvolfia serpentina, Neopicrorhiza scrophulariiflora, Dactylorhiza hatagirea, and
Nardostachys grandiflora (Chaudhary et al., 2010). An increasing temperature trend will alter and
degrade habitats along with the species interaction, distribution, physiology, biological potential,
and reduce food availability thereby resulting in a loss of species.

Phenological changes: The changes in phenological cycles such as flowering, fruiting, and leaf
shedding behavior of plant and tree species are affected by rising temperature and precipitation
variability. For example, the flowering of Rhododendron arboreum, Myrica esculenta (kafal), and
Alnus nepalensis are reported 15-30 days earlier than normal (Panta and Mandal, 2019).

The vegetation shift, phenological change, and change in functional and physiological traits due
to climate change will alter the tree composition thereby affecting species-level floral diversity.
There is growing evidence that climate change affects forests and NTFP in their availability and
regeneration pattern. The production and availability of NTFPs such as Panch aule (Dactylorhiza
hatageria), Shilajit (Rock exudates), Amala (Phyllanthus emblica), Ritha (Sapnidus mukurosii), Timur
(Zanthoxylum armatum), Bel (Aegle marmelos), D. butyracea, M. esculenta, and P. odoratissima
were found to be lesser (Chitale et al., 2014; MoFSC, 2016; Pandey and Bhargava, 2010).

15  C4 plants are plants which cycle carbon dioxide to 4-carbon sugar compounds in order to enter the C3 or the Calvin cycle. The C4 plants
are very productive in climatic conditions that are hot and dry and produce a lot of energy. Some of the plants that we usually consume
are C4 plants such as pineapple, corn, sugar cane, etc (Wang et al., 2012).
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Watershed and wetland degradation: Climate variability and changing patterns of precipitation
with heavy rainfall during summer are major challenges for watershed conservation in Nepal.
Nepal is prone to several forms of land and watershed degradation arising from natural events
such as floods, landslides, soil erosion, and debris flow (Thapa and Joshi, 2018). Climate-related
stressors such as heavy rainfall events have triggered these natural events along with increasing
soil erosion and mass movements and decreasing water holding capacity in recent years. This has
a considerable effect on the degradation of watersheds and watershed resources (Chalise et al.,
2019). Insufficient water availability and prolonged drought during winter (CBS, 2016; GoN, 2019)
may again impair the hydrological cycle and nutrient supply. This in turn will accelerate soil loss
and wind erosion, which ultimately degrade watersheds (Chalise et al., 2018, 2019). Besides, the
irregularity of the water flow exacerbates overall watershed quality, thereby reducing productivity
and degrading watershed resources (UN-habitat, 2015).

Climate change impact is also seen in wetland resources. Nepal’s wetlands comprise diverse
forms of water bodies including rivers, lakes, reservoirs, ponds, marshy land, and irrigated paddy
fields distributed in all ecological regions (Bhuju et al., 2010, MoFE, 2018c). Most of these are
prone to multiple climate extreme events and hazards (Lamsal et al., 2017). The majority of Ramsar
and non-Ramsar wetlands in the lowlands and mid-hills of Nepal are fed by either glacier melt or
riverine flood (MoE, 2012). Changes in water flow and availability due to changes in the volume
of glaciers arising from climate dynamics could change the water level of the wetlands (Shrestha
and Aryal, 2010). This would then lead to the degradation of wetland resources and the shrinkage
of wetland areas (Lamsal et al., 2019; Ouyang et al., 2013).

The invasion of several alien flora (e.g., water hyacinth) and fauna (e.g., Nile tilapia) could degrade
habitats for micro-and micro wetlands fauna. Such changes alter wetland habitat through the
formation of new assemblages such as planktonic and hydrophyte (Lou et al., 2015). The habitat
alternation could further jeopardize many endangered wetlands and freshwater-dependent
animals including fauna (MoFE, 2018c). Such phenomenon appears problematic to some species
such as Crocodylus palustris, Kachuga kachuga, and Gavialis gangeticus with very poor dispersal
capacity to respond to the altered habitats (Lamsal et al., 2017, p. 922). Similarly, the effects of
wetland degradation will be critical to both migratory and resident waterbird communities in low-
land wetlands in Nepal that use wetlands as feeding, resting, and breeding habitats (Adhikari et
al., 2018).

5.2.3 Observed Impact on Water Resources and Energy

Climate change impact on the hydrology of Nepal: The impact of climate change on the
hydrology of Nepal is evident. The changes in precipitation and temperature pattern, including
extreme weather events (such as floods and droughts), are affecting 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 are increasing the frequency, magnitude of events. Rising temperatures cause glaciers
to shrink and enhance glacier melt. It is observed there is 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). Total water availability at
river basins in Nepal will increase in both the near future and the medium future scenarios of
RCP 4.5 and RCP 8.5 (Ghimire et al., 2019; IWMI, 2019; Pandey et al., 2019, 2020; Pandit, 2020).
However, there are variations in seasonal and sub-basin level projected water availability.
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Based on the analysis included in the Irrigation Master Plan 2019 (DWRI, 2019), the impact of the
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.
According to the climate change projection scenarios, the annual water availability parameters will
increase in most of the districts, while decreasing in some districts. However, spatial imbalance
and temporal variabilities of water availability do exist. The future changes of flow in the non-
monsoon seasons (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.

The change in the ground-water flow which contributes to the flow of springs and local streams
will primarily have an impact on 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 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 larger-scale water demands (such as medium/mega hydropower,
medium/large/major irrigation, and mega water supply projects).

Climate change impact on the energy sector: Climate variability affects hydroelectricity 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, 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 percent of GDP per year on average, and 0.3 percent in very dry years (IDS-Nepal
et al., 2014).

They are also subject to the risks of floods and droughts — including risks from Glacial Lake
Outburst Floods with an economic loss in the energy sectors. 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; OECD, 2003). The loss of micro-
hydro plants from floods has also been reported (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 USD 3 million. Similarly, the Dig
Tsho GLOF (4 August 1985) in the Khumbu region (Eastern Nepal) destroyed, over 42 km, the small
Namche hydroelectric plant with an estimated loss of USD 1.5 million, 14 bridges, 30 houses, trails,
farmlands, the properties of many families, and 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 USD 2 million), including two human lives (ICIMOD, 2011).

The heavy sediments and debris flow from GLOFs can create problems in downstream projects.

Breaching of glacial lake dams from a close distance poses high risks to hydro projects; a case in
pointis the flood damage in Bhote Koshi Project on 5 July 2016 from a GLOF originating from Tibet,
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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 percent of the nation’s hydropower capacity,
some 67 MW, was severed by the landslide, submerging a 5 MW power plant. It disconnected the
power supply with Bhotekoshi hydropower (45 MW) and Sunkoshi hydropower (10 MW) and washed
out over 400 houses, killing over 200 people. The landslide-induced dam broke catastrophically
but, fortunately, no human casualties occurred. The impact of hydropower projects downstream
is not known. 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 (Byers et al., 2019).

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 disasters, there are
common views that losses and damages are huge and will increase. The consultations at the
Provinces revealed that transmission lines in Tarai are at threat of floods while in the mountains
it's mostly landslides, avalanches, and GLOF that create damage.

5.2.4 Observed Impact on Health and WASH

Nepal has been observing increasing temperatures, variations in precipitation, and extreme
weather events that have profound impacts on the seasonal and temporal trend fluctuation of
Vector-Borne Diseases (VBDs), Water Borne Diseases (WBDs), respiratory diseases, food-borne
diseases, nutrition-related diseases, injuries, and mental illnesses (NPC, 2020; Regmi et al., 2016a).
It is found that out of the total population in Nepal, 52 percent are at risk of malaria, 87 percent at
risk of Lymphatic Filariasis (LF), 54 percent at risk of Japanese Encephalitis (JE), 30 percent at risk
of Kala-azar, and all the population is at risk of water/food-borne diseases and non-communicable
diseases (Health NAP MoHP, 2016).

Impact on emergence and outbreak of vector-borne and water-borne diseases: Climate variables
that directly influence VBDs are mainly temperature and rainfall. The distribution of common
endemic VBDs in Nepal such as malaria, dengue, Kala-azar, JE, and LF are not uniform throughout
the country. Initially, they were confined in the Tarai districts but now especially malaria, JE, and
filaria are spreading over the hills and mountains (Joshi et al., 2020). The analysis in this study
shows that annual variations of VBD cases with maximum temperature were positively associated
in Kailali (r?= 0.14) and Kanchanpur (r?= 0.04). A previous study also found that an increasing
number of VBD cases in different periods and locations coincide with a rising average temperature
in Nepal (Dhimal, et. al., 2014). The climate change effects on VBDs are marked in the shifting
of diseases and their vectors in highlands areas of Nepal (Dhakal et al., 2011). In recent years,
Chikungunya, West Nile virus, and scrub typhus have become a threat to the Nepalese population
(Joshi et al., 2020). Other studies provide details on malarial cases with altitudinal shifts. The
malaria vector was found at 1820 masl, with higher densities in the post-monsoon season (Dhimal
et al., 2014). A study conducted in two districts that are highly endemic for malaria showed that a 1
°C increase in minimum and mean temperatures increased the incidence of malaria by 27 percent
and 25 percent respectively (Dhimal et al., 2014).

Water-related infectious diseases, such as diarrhoea, cholera, etc, are a major threat to mortality
and morbidity worldwide. Outbreaks frequently occur after a severe precipitation event. A sizeable
15 percent of post-natal deaths (first 59 months) in Nepal are due to diarrheal diseases (WHO,
2015). Diarrhoeal diseases show a definite monthly pattern or seasonal pattern in a year in different
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physiographic regions of Nepal (Dhimal et al., 2016). An analysis of data on temperature and
diarrhoea from July 2002 to June 2014 estimated that for a 1°C increase in ambient temperature,
the incidence of diarrhoeal diseases in Nepal rose by 4.39 percent (Dhimal et al., 2016). The
analysis in this study also shows that variation in local weather patterns in temperature and
precipitation influences the distribution of WBDs. Based on the data record from 2005 to 2014, a
close relationship between annual rainfall and maximum temperature was found with the WBDs
in Aacham and Kalikot districts.

Increasing cardiovascular diseases: The impacts of climate change increase the risks of
cardiovascular diseases. An increase in environmental temperatures and humidity increases
cardiovascular disease mortality (Kovats and Hajat, 2008; Parsons, 2014). A rise in hot and cold
average minimum and maximum daily temperature is positively correlated with deaths and heart
disease morbidity (Shrestha et al., 2016). Likewise, the incidence and severity of diseases from
climate-sensitive respiratory pathogens have become a challenge in recent years.

The analysis carried out in this study shows that between 2005 to 2018, heart disease patients were
found to be the most numerous in Kathmandu (n=346,385) followed by Kaski (n=215,609), Morang
(n=143,292), and Chitawan (n=133,313). Similarly, Bagmati Province and Karnali Province recorded
the highest (n= 836,143) and the lowest (56,609) number of heart disease cases, respectively. Over
14 years of observation among the 2,690,251 heart disease cases, 97 percent hypertension and 3
percent ischemic heart diseases were reported.

Arise in hot and cold average minimum and maximum daily temperatures are positively correlated
with deaths and heart disease morbidity (Shrestha et al., 2016). The assessment shows that the
annual variations of the number of heart disease cases with maximum temperature show a positive
association in Dhankuta (r?=0.07), and Kailali (r? = 0.06), Dhading (r?=0.06), and Kathmandu (r?=0.03).

Extreme weather events, such as heatwaves, floods, storms, drought, and wildfires, change the
incidence of respiratory infections (Mirsaeidi et al., 2016). The poison regression analysis carried
out in this study for respiratory diseases shows that cases of one year were associated with
extreme weather events, nutrition status, FCHVs, and a literacy rate of the same year in the Tarai
and Hill regions. In the Tarai region, a 1°C increase in mean temperature was associated with a
0.57 percent (95 percent confidence interval (Cl) 0.54 percent - 0.60 percent)) increase of respiratory
disease cases. An additional increase of warm days was associated with a 0.39 percent (95 percent
(CI) 0.39 percent - 0.28 percent)) increase in respiratory disease cases. A unit increase of drought
events was associated with a 0.95 percent (95 percent (Cl): 0.94 percent - 0.96 percent).) maximum
increase of respiratory disease cases. A one-unit increase in literacy rate was associated with a
maximum -0.68 (95 percent (Cl): -0.68 percent -0.67 percent) decrease in respiratory disease cases.
Similarly, in the Hill region, a one-unit increase of cold wave was associated with a 4.11 percent (95
percent (Cl): 4.07 percent - 4.14 percent) maximum increase of respiratory disease cases. On the
other hand, a one-unit increase of warm days was linked to a -15.1 percent (95 percent (Cl): -15.2
percent- -14.9 percent) decrease in cases. The numbers of cold wave events in the Hill region were
positively associated with the increase of respiratory disease cases (r?= 0.18). The co-morbidity
of cardiovascular and respiratory diseases ranges from 17 percent to 35 percent. The correlation
between the annual sum of heart diseases and respiratory diseases is higher in the Mountain
region (r?= 0.38) than Tarai and Hill (r>= 0.30).

Malnutrition: Climate change and malnutrition in all its forms, including obesity and undernutrition,
constitute the greatest threats to the population and human health. Climate change has an indirect
impact on the health system. Climate change has led to major weather events, crop failures, food
insecurity, and other adverse health consequences. Despite several efforts, malnutrition in Nepal
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is alarming. It has become a serious health problem and is a major threat to the health of infants,
adolescent girls, and pregnant and lactating mothers (Devine and Lawlis, 2019).

WASH issues: Climate change is having an impact on water availability and quality. Around 5
percent of water supply schemes were found dried (Helvetas, 2011) in Nepal where precipitation
does hold significant ground for source yield. Springs are the major source of water in the mid-
hill region of the country. But despite high demand, there has been a steady 30 percent decline
of the spring discharge in over 30 years (Chapagain, 2019). The increase in temperature also
causes melting and thawing of glaciers, snow, sea ice, and frozen ground leading to changes in
the seasonality of river flows and leading to a reduction in water availability in summer in the
downstream flow of water (Erikssion et al., 2014; UNICEF, 2014).

The water quality issue is also on the rise because of the contamination of water sources and
changes in water source quality with different climatic and non-climatic stressors (Panthi, 2018).
An increase in precipitation and severe weather cause flooding, pollution of wells, inaccessibility
of water sources, flooding of latrines, damage to infrastructures, landslides around water sources,
sedimentation and turbidity, challenges to the sustainability of sanitation and hygiene behaviors,
and water-borne diseases. An increase in temperature causes heatwaves leading to damage to
infrastructures, increase in pathogens in water leading to increased risk of diseases (WHO, 2015).
The increasing arsenic in water sources in the Tarai region has raised many health issues (Shrestha,
2017). Increased exploitation of groundwater resources in urban areas is leading to rising levels of
groundwater pollution from natural chemical contamination such as arsenic in the Tarai belt. The
warm and damp condition often leads to an increased incidence of water-related diseases.

Impact on health and WASH infrastructure and services: Floods and landslides pose a major risk
to health infrastructures. In the Tarai area, there are about 704 health facilities in Province one.
Out of these, there are 69 health facilities within 25m of a river, comprising 54 health posts and
15 hospitals (NHSSP, 2017). Landslides have been one of the major causes of loss and damages
where health facilities are located on steep slopes. For example: In Ramechhap 30 out of a total 51
facilities (59 percent); in Baglung 28 out of a total 70 facilities (40 percent); in Kavre 25 out of a total
68 facilities (37 percent) and in Dolakha 21 out of a total 38 facilities (55 percent) suffered loss and
damages due to landslides.

Climate change is likely to lead to increasing risks on the infrastructure used in service provision.
Water-related extremes exacerbated by climate change increase risks to water, sanitation,
and hygiene (WASH) infrastructure, such as damaged sanitation systems or flooding of sewer
pumping stations. Major climate-related events during monsoon often damage water collection
tanks, drinking water facilities, pipes, and distributing channels. The Tarai region of Nepal is more
susceptible to flooding, which affects both health and hygiene. Health infrastructures and services,
drinking water supplies, and sanitation systems get damaged and disrupted by floods leading
to poorer sanitary, fecal contamination, health disorders, poor operation and maintenance, and
disruption of essential power systems among the exposed and vulnerable communities (Howard,
2016). Open defecation prevails making the population of Tarai more susceptible to WASH-related
health vulnerabilities (Baidya, 2017).

5.2.5 Observed Impact on Rural and Urban Settlements

There is mounting evidence that the impact of climate change on human settlements is complex,
with interconnections between various systems and subsystems in the natural and human-built
environments (UN-Habitat, 2019). The primary climate change impacts on human settlements and the
natural environment include: (i) housing or shelter, (ii) the surrounding community, neighborhood,
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village, orrelevantsocial unitin which individualslive, (iii) supporting physical and publicinfrastructure
(e.g., transportation, roads, water and sanitation services, industry, and communications links), and
(iv) social and cultural serendipity; social and cultural services (e.g. health services, education, police
protection, recreational services, parks, museums, etc.) (IPCC, 2014b).

Observed impact on socio-economic sectors: The observed key socio-economic impacts on rural
and urban livelihoods are loss and damage to life and property, impeded access to basic services
leading towards inconvenience, issues related to health, sanitation, and hygiene problems, air and
water pollution, elevated poverty, migration, destitution, and desperation in the settlement. The impact
is generally higher for children, women, the elderly, expectant mothers, people with chronic health
problems, and disadvantaged population groups (FAO, 2009; Gupte and Bogati, 2014: p. 30; Shrestha,
2013). From 2016 to 2018, about 427,000 households were displaced due to disasters. Out of these,
384,000 households alone were displaced in 2017, suggesting that the August 2017 Tarai flood was the
cause of such an increased figure and accompanying swell in the slum population (IOM, 2019; UNSD,
n.d.). Kathmandu valley experienced water stress of approximately 60 million m® and water scarcity of
40 million m2in 2000 (OECD, 2003). With increasing urbanization in the valley, the present situation is
even worse. A higher incidence of respiratory diseases is found in urban areas compared to rural areas
leading to negative health outcomes and economic burdens to the population (CBS, 2017).

Climate change impact on buildings and settlements: The observed climate change impact on rural
and urban sector buildings and settlements are primarily loss and damage including economic
burdens to the population. There were several cases of flooding and inundation reported in the
Kathmandu valley mainly impacting buildings and settlements. About 48 percent of squatter houses
are temporary structures and only 2 percent were durable (pukka) structures with cement, brick, or
concrete block walls (UN, 2013). In 20177¢, flash floods in the Bhaktapur district inundated various
areas. This is huge because buildings and roads have encroached on the floodplains and banks of
the Valley's rivers. In 2018, the river inundated many squatter settlements and private priorities in
the Balkhu area. Almost 20 houses were flooded. In 2002, the river destroyed a garment factory on
the Balkhu corridor.

In the rural and urban Tarai areas, over 92 percent of slum houses are temporary (UN, 2013).
They provide less protection from annual monsoon rains or heat (UN-Habitat, 2010: p. 40). Most
of the urban settlements in the Tarai are prone to flooding after intense rainfall events due to
improper drainage provisions. The inundation of Nepalgunj in July 2007 is an example of drainage
congestion owing to deficient urban planning and management. In urban areas of Nepal, the
gradual increase in temperature has led to a rise in health concerns and puts pressure on energy
use for cooling purposes, inducing the urban heat island effect (MoPE, 2016). Waste heat, from
traffic or air conditioning units, plays an auxiliary role in contributing to the heating of the urban
environment (UN-Habitat, 2019).

Observed impact on infrastructure: The observed climate change impact on physical infrastructure
varies widely across geography and location. In general, the prominent physical infrastructure
impact observed in rural and urban areas are in the houses, buildings, communication means,
bridges, transmission lines, water pipes, drainage congestion, damage to hydropower, traffic
congestion, water pollution, and drying up of water sources leading to failure of water and irrigation
schemes (Adhikari, 2013; IPCC, 2007; NAPA, 2010; NPC, 2017).

The observed impact on social infrastructure is mainly related to disruption of services and their
functions such as less accessible health and education infrastructure, damage of health, education,
and market infrastructure due to their location, destruction of cultural heritage due to their

16  https://tkpo.st/36LgdwM Accessed on 13" February 2021.
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proximity to the risk-prone area, and weathering effects on the cultural heritage sites. The lack of
infrastructure construction standards regulations and disregard for compliance lead to increased
risk and vulnerability. In the Hanumante river basin, damage to two schools, two hospitals, and
one bridge in Dadhikhet was reported during the 2018 flooding (Jha, 2019).

Public market areas could become uninhabitable during extreme and prolonged high temperatures,
severely disrupting economic activities (DUDBC and MoSTE, 2014). Market areas and cultural
heritage sites without proper drainage are flooded or destroyed, severely disrupting economic
activities (DUDBC and MoSTE, 2014). Flash floods are particularly dangerous for museums and
archives, especially when parts of collections are stored underground (World Bank, 2017). Many
cultural heritage sites are located near rivers and could be destroyed or heavily damaged by rising
river waters or flash floods (DUDBC and MoSTE, 2014).

5.2.6 Observed Impact on Industry, Transport, and Physical
Infrastructure

Physical impact: Climate extreme events have a biophysical impact on industry, transport, and
infrastructure in Nepal. Floods, landslides, mass wasting, debris flow, rock falls, mudflows,
sedimentation, erratic rainfall, windstorms, glacial floods, and rise in groundwater levels, are
found to damage infrastructures, lead to the collapse of industrial buildings and properties,
increase the exhaustion of infrastructures, silt drains, increase the instability of land through the
weakening of riverbanks or hill toes or land subsidence, damage road drainage structures, breach
road embankments, scour bridge foundation, block the flow of traffic, washouts and inundation
and submerge infrastructures (UNECE, 2019).

In 1993, central Nepal faced a massive cloudburst that seriously affected the Prithvi and Tribhuvan
highways. It washed away six bridges along the highways and severed connectivity to Kathmandu.
The Kathmandu Valley remained isolated (no land transport connection) for 21 days from the rest
of the country. In August 2000, a land failure in Krishnabhir led to the closure of the key arterial
road linking Kathmandu with the Tarai plains and thus with India for 11 days (NCVST, 2009). Out of
the total 488 landslides reported in 2020, 59 occurred along roadsides while 62 have occurred on
roads and, as a result, obstructed vehicular flow (GoN, 2020). A landslide that occurred in a newly
widened road took the lives of nine people in Waling Municipality, Syangja (Shrestha, 2020).

Social and economic impacts: The impacts of climate change may, together with the exclusion
of women from adaptation and mitigation actions, aggravate the various obstacles and socio-
economic vulnerabilities that lead to decent work deficits among women (Nellemann et al.,
2011). Transportation systems are critical for effective disaster response and the disturbance
in transportation means less access to health, education, and agricultural extension services
(Shrestha, 2007). Besides, the Strategic Road Network (SRN) in Nepal is 13,447.62 km and two
district headquarters (Humla and Dolpa) are yet to be connected to the road network (Dol, 2019).
In 2017, USD 584.7 million physical damages occurred due to rainfall-triggered disasters in Nepal
(NPC, 2017). A significant impact has been seen on the annual budget allocation of periodic road
maintenance cost which has increased from 1.19 billion to 3 billion NPR in the last four years
(2016/17-2019). The rapid increase in the length of rural roads in the last 30 years also corresponds
to an increase in investment in the Local Road Network. However, the preference is for building
faster without following basic norms or standards, using inappropriate techniques, and cutting
corners in costs. Every year, during the monsoon season, the impact on roads increases due to
landslides triggered by rains and constant toe cutting by flooding rivers.
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5.2.7 Observed Impact on Tourism, Natural and Cultural Heritage

Direct impacts on the TNCH include the changing length and quality of climate-dependent
tourism seasons. Indirect impacts are loss of biodiversity, reduced landscape aesthetics, damage
to infrastructure including cultural heritage sites, and the presence or appearance of new water-
borne diseases (Simpson et al., 2008). High mountains are more exposed to avalanches and Glacial
Lake Outburst Floods (GLOFs); hills to landslides, flash floods and debris flows, whilst the Tarai
lowlands are more exposed to floods, all affecting the TNCH sector (Nyaupane & Chhetri, 2009).
These climate-related hazards destroy infrastructures, including roads, bridges, trails, resorts,
temples, and monuments (Bhandari, 2014).

Impact on the national economy: The tourism sector is a key contributor to the national economy
as it is one of the sources of foreign exchange in Nepal. It is reported that a 1 percent increase
in average maximum temperature leads to an increase in total tourism GDP by 9.36 percent. The
same level of decrease in minimum temperature leads to a decrease in total tourism GDP by 3.66
percent (MoCTCA, 2018). The report further shows that a 1 percent increase in average maximum
temperature leads to an increase in leisure and recreational tourism GDP by 34.45 percent. The
same level of decrease in minimum temperature leads to a decrease in leisure and recreational
tourism GDP by 11.7 percent. In contrast, the study showed that there is no significant relationship
between precipitation and tourism activities. This could be because the monsoon season is the off-
season for tourism activities in Nepal. The significant reduction in tourist arrivals will have serious
employment impacts and generate further poverty. The tourist flow, diversity of tourist visits,
and their expenditure are influenced by weather conditions, disaster events, and other climatic
stressors like heat waves and cold waves. There is a close relationship between climate and tourism
in the ecosystem of tourism, mountain tourism, and nature-based tourism (K.C. and Thapa, 2014a).
Weather and climate affect tourist demand, comfort, satisfaction, tourism industries, and natural
resources important to the tourism industry. Most of the nature-based tourism activities in the
Himalayas are weather-sensitive so rain and foggy conditions significantly decrease the quality
of the trekking experience. Tourists can opt for a change of destination within the country if the
weather continues to disappoint them (Rayamajhi, 2012).

Impact on natural heritage: Tourism activities in Nepal are largely nature-based. It is found
that climate change has impacted tourism infrastructures and nature itself. Trekking and
mountaineering in Nepal are concentrated in PAs, which are at high risk of floods, landslides,
glacier melt, avalanches, and GLOF (ICIMOD, 2011). Tourism that depends on certain weather, such
as trekking, mountaineering, and safari is impacted by changing monsoon patterns (Nyaupane
and Chhetri, 2009). Over the years, the aesthetic value of mountains diminishes as the white snow-
covered mountains are gradually turning into black rock mountains (KC, 2017). Climate change
is creating a pronounced impact on forests in the protected areas of Nepal, with visible signs of
an upward shift in vegetation with temperature rises (Bhuju et al., 2016; Dhakal et al., 2016; Gaire
et al., 2017; Shakya, 2013). These phenomena have the potential to change the aesthetic value of
the destinations. Climate change impacts all faunal species including mammals, herpetofauna,
avian, fishes in the vertebrate group, and butterfly and mollusks in the invertebrate group. For
instance, a massive flood in Chitawan National Parks in 2017 killed four rhinoceroses and a wild
buffalo. Additionally, ten rhinoceroses have swept away to India (DNPWC, 2018; Subedi et al.,
2017). Increased forest fires are a threat to wildlife and their habitat (MFSC, 2014).

Impact on cultural heritage: There is very little research on the impact of climate change on
cultural heritage in Nepal. Landslides and floods are damaging archaeological sites (Aryal, 2016).
In Mustang, the decrease of snow in winter and the increase in rainfall after the winter months
have affected the cultural traditional construction of mud and stone flat-roofed houses (Dahal,
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2020). Seepage has affected historic monuments due to consecutive rainy days damaging wooden
structures and walls made from mud and stones/bricks. Furthermore, changes in the ecological
characteristics of wetlands, lakes, and rivers can change their significance as cultural and religious
tourism sites (ICIMOD, 2010).

Impact on people and livelihoods: Climate-induced disasters cause loss of life and property,
adversely affect the ecological and physical system, and impede development. Impacts can
include major destruction of assets and disruption to economic sectors, loss of human lives, loss
and impacts on plants, animals, and ecosystem services. Climate change and inclement weather
have put the lives of trekkers, mountaineers, and associated human resources at threat (Sangraula,
2010). Unexpected weather conditions have adverse implications on the mobility of tourists
including trip cancellation to national parks and disruption of tourism supply chains (Nyaupane
and Chettri, 2009; Sangraula, 2010). Besides, hazards, such as GLOF, avalanches, and landslides
are killing people and destroying their property. For example, the Dudh Koshi GLOF, caused by an
outburst of Dig Tsho glacier lakes on 4 August 1985, killed 5 people and destroyed 30 houses. It
also broke 14 bridges and disconnected trekking trail networks, further impacting the livelihoods
of traders, trekkers, guides, and porters (ICIMOD, 2011). In 2014, 12 Nepali guides died and 4 went
missing in a Mount Everest avalanche. In November 2014, unseasonal snowfall and avalanches
resulting from the effects of Cyclone Hudhud killed at least 43 trekkers and guides.

Tourism operations demand substantial water resources (Gossling et al., 2012; Lama, 2010).
Uncertainty of water availability was reported in the Everest region (Faulon and Sacareau, 2020).
Climate-induced drought can amplify the problem of water scarcity in areas where water is already
limited. Water crises increase the workload of women as they are the de facto manager of many
hospitality businesses, including homestays, restaurants, hotels, and tea shops. They are the ones
responsible for providing basic facilities to tourists (Tenzin et al., 2019; Rayamajhi, 2013). Water
scarcity is directly affecting the sanitation condition of the destinations and may provoke health
problems in tourists and tourism-dependent people (Nicholson et al., 2016).

5.2.8 Observed Impacts on the GESI & Livelihood

Context-specific conditions of marginalization shape multidimensional vulnerability and differential
impacts (IPCC, 2014). Lack of income, ownership of land/property, access to credit/market, and lack of
capacity for diversification of livelihoods, increase the risk further, drastically amplifying the effects
of climate change. There is a strong correlation showing households with fewer years of schooling
and lower wealth are considerably more likely to be affected, experience higher casualties, and incur
livelihood losses because of floods and landslides (Shrestha et al., 2016). Most households exposed
to flooding are in the low-lying Tarai region where population densities are comparatively higher.

Poverty, marginalization, and vulnerability: There is an established relationship between climate
change, poverty, and migration in Nepal (Gentle et al., 2014; Joshi, 2011; Regmi et al., 2016a)
to cope and adapt to the impacts of climate change. Migration is not a new phenomenon in
Nepal. In the Mustang district, for example, people have migrated from one village to another
as a coping strategy against climate-related and natural resource constraints (Sherchan, 2019).
Climate change has been a push factor for men to seek employment overseas or neighboring
countries leaving behind women to carry out all farming and household responsibilities in rural
areas (Dhimal et al., 2017; Gartaula et al., 2010; Raney et al., 2011; Shrestha, 2017). The need for
livelihood diversification has triggered outmigration (predominantly men, with 12 percent women
migrant workers). Although male migration leads to women’s comparative control over income
and household activities, women are particularly vulnerable to natural disasters such as floods,
due to loss of family support networks and increased responsibilities at home.
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Impact on resources/livelihoods: Climate change alters livelihoods negatively by destroying
assets: physical (homes, land, and infrastructure), human health), social (social networks), cultural
(sense of belonging and identity), and financial (savings) (Goodrich et al., 2017; Gurung and Bisht,
2014; MoFE, 2018). Agriculture-based livelihood systems that are already vulnerable to food
insecurity face immediate risks of increased crop failures and susceptibility to new types of pests
and diseases. Impacts of climate change not only affect biodiversity but the livelihoods of millions
of local and indigenous people who depend on it (Chitale et al., 2018). Drought severely affects the
livelihood of small-scale farmers and herders, threatening their food security (FAO, 2009).

Differential impact on women, children, elderly, poor, and indigenous groups: Exposure to climate
change impacts is higher among children, girls/women, pregnant women, the elderly, and people
with disabilities with increased mortality and morbidity (MoFE, 2018). Marginalized or indigenous
groups, particularly Majhi, Raute, Chepang, Satar, are more vulnerable to food insecurity due to
disasters like floods, landslides, and fire.

Heat and cold waves impact those working outside, the poor, women, children, and the elderly.
Diseases like malaria put pregnant women 3 times more at risk of severe malaria than non-pregnant
women (Rijken et al., 2012). Extreme climatic events such as droughts and floods increased the
prevalence of water-borne diseases like typhoid, cholera, and other diarrhoeal diseases which
mostly impact children below the age of 5 (Eriksson et al., 2008). Flood-related fatalities are 13.3
per 1000 girls aged 2-9 years, 9.4 per 1000 boys aged 2-9 years, 6.1 per 1000 adult women, and 4.1
per 1000 adult men in Nepal (Bartlett et al., 2008).

Evidence from studies shows that female-headed households are more vulnerable to climate
shocks as they grow fewer crop types (Gentle et al., 2014; Regmi et al., 2016b). Men, who have
more control over cropping choices, choose to plant highly nutritious crops such as buckwheat,
which is labour-intensive and increases women’s workload, and reduces their time available for
other livelihood activities (Onta and Resurreccion, 2011). Decreased availability of natural resources
leads to girls spending longer hours collecting firewood/water, sometimes even resulting in school
dropouts (Nellemann et al., 2011). It is reported that women worked up to 18 hours a day collecting
fuel, fodder, and water (Gum et al., 2009; Haigh et al., 2010; Oxfam, 2009; Sugden et al., 2014).
When women must walk long distances with heavy loads to obtain water and fuelwood, they
become prone to injuries, harassment, or sexual assault (Leduc and Bhattarai, 2008) adversely
impacting their reproductive health and making them prone to uterine prolapse (Dhimal, 2015).
A lack of clean water and sanitation poses serious health challenges to women, especially during
menstruation and pregnancy (Birch et al., 2012).

5.3 Perceived Impact of climate change

The findings from the consultation at the federal, provincial, and local levels revealed that
stakeholders perceived that temperature has increased in Nepal across all the 7 provinces and local
levels ranging from mountain to mid-hill and Terai region and from east to the west. According to
the majority of the stakeholders consulted, the precipitation patterns have changed and there is
extreme variability observed in both monsoon and other events. There is more or less consensus
among stakeholders that nowadays heavy rainfall is observed within a shorter period which has
often negative impacts. Stakeholders also perceived that climate-induced hazards like flood,
landslide, fire, GLOF, and drought have become more frequent and often devastating. In terms of
impact, the local communities are more concerned with loss and damage by the disasters, including
the impact on agriculture, water resources, and health. The provincial stakeholders mostly felt that
climate change impacts are visible having negative impacts on both human and natural systems.
Some stakeholders have also perceived the positive impact of climate change mostly in the high
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mountains where it is now favorable for growing some of the crops and vegetables. It was also
revealed that climate change impact is hitting hard the poor, marginalized, resource-dependent
household and communities and among them, the women, children, elderly, disabled, and ethnic
minorities are impacted.

The above perception of the impact is also similar to the perception survey carried out by CBS.
The survey result shows that 74.29 percent of total households have observed changes in water
sources whereby 84.47 percent observed a decrease in the amount of surface water. Likewise, the
majority of households (74.56 percent) in the mountain regions have reported complete drying up
of surface water. Likewise, the majority of households across all regions and strata observed early
flowering/fruiting of plants. Also, the survey reveals that maximum households (60.25%) have
observed new Diseases emerging on crops. Moreover, maximum households (66.09%) observed
the appearance of new insects (CBS, 2016).
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Chapter 6

Hazards, Exposure,
Vulnerability, and Risk

This chapter presents the findings on the differences in hazards, exposure,
vulnerability, and risk at the municipality, district, Province, and physiographic
levels. The composite index is created by adding all of the sectoral indexes
together except for rural and urban settlements. Due to a lack of scenario data on
climate-induced hazards, the study relied on eleven indices of climate extreme
(five for precipitation and six for temperature) to understand the historic and future
change of climatic parameters. These indices were chosen because they are the
most important indicators of climate change in Nepal. These extreme indices are
available in DHM (2017) for the historical period and in MoFE and ICIMOD for the
future period (2019). Two possible concentration pathways, RCP 4.5, and RCP 8.5,
based on different socioeconomic developmental trajectories, were selected to
identify extreme scenarios of the future. These scenarios were analyzed for the
medium-term (2030) and the long-term (2050) periods.

6.1 Climate Extreme Events

The current trend of extreme events: As indicated above, 11 extreme events
indices were used for the assessment. The baseline climate extreme events overall
composite index shows that Sankhuwasabha, Morang, Chitawan, Jhapa, and llam
districts are experiencing high extreme events. Besides, the districts which have
observed higher extreme events are the following: Dhading, Makawanpur, Sunsari,
Rautahat, Sindhupalchok, Tanahu, Kavrepalanchok, Parbat, Syangja, Kailali,
Siraha, Rupandehi, Palpa, Sindhuli, Bara, Dhanusha, Nawalpur, Kaski, Taplejung,
Panchthar, Sarlahi, Mahottari, Parasi, Parsa, and Saptari districts. Among the
Provinces, Province two, Province one, Bagmati Province, and Gandaki Province
are the most impacted by climate extreme events. All the districts in Province
two have observed high to very high extreme events. Likewise, the Tarai and the
mountain districts in Province one observed higher climate extreme events. The
eastern, central, and western mountains seem to have high extreme events which
are mostly due to the higher occurrence of avalanches, landslides, and GLOFs.
Likewise, the Tarai region seems to have more extreme events compared to other
reasons.
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On the contrary, the mountain region of Gandaki Province, Karnali Province, and Sudurpaschim
Province seems to have very low climate extreme events. Humla, Mugu, Dolpa, Mustang, Manang,
and Bajura districts fall in the very low category. Also, the mid-hills of Karnali Province and
Sudurpaschim Province have experienced fewer climate extreme events (Figure 38 and Table 13).
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Figure 38: Overall (baseline) Extreme Events Composite Map

Table 13: Baseline Extreme Events Composite Index

Baseline Extreme
Events Composite
Index Rank

(0.651 - 0.760)

(0.578 - 0.650)

(0.504 - 0.577)

(0.381 - 0.503)
(0.256 - 0.380)

District

Sankhuwasabha, Morang, Chitawan, Jhapa

Dhading, Makawanpur, Sunsari, Rautahat, Sindhupalchok, Tanahu, Kavrepalanchok, Parbat, Syangja,
Kailali, Siraha, Rupandehi, Palpa, Sindhuli, Bara, Dhanusha, Nawalpur, Kaski, Taplejung, Panchthar,
Sarlahi, Mahottari, Parasi, Parsa, Saptari, llam

Kapilbastu, Lamjung, Dolakha, Dhankuta, Terhathum, Nuwakot, Baglung, Bardiya, Gorkha, Solukhumbu,
Lalitpur, Udayapur, Bhaktapur, Pyuthan, Banke, Surkhet, Achham, Arghakhanchi, Bhojpur, Doti, Khotang,
Okhaldhunga, Dang, Kanchanpur, Gulmi, Ramechhap, Kathmandu

Rolpa, Rasuwa, Myagdi, Western Rukum, Dailekh, Darchula, Baitadi, Salyan, Eastern Rukum, Kalikot,
Jajarkot, Jumla, Bajhang, Dadeldhura

Humla, Mugu, Dolpa, Mustang, Manang, Bajura

The climate trend analyzed in the earlier chapter revealed that the precipitation is increasing in
Syangja (8.99 mm/yr), and Bardiya (7.86 mm/yr) with the highest rate. Also, Tanahu, Nawalpur,
Parasi, and Dhanusha, districts experienced more than 4 mm/yr of precipitation. Kaski (-11.44 mm/
yr), and llam (-9.56 mm/yr), are the district having decreased precipitation during 1971 and 2014.
A large part of Bagmati Province, Northeast of Gandaki Province, West part of Province one, and
southeastern part of Karnali Province have a decreasing precipitation trend. The rate of change
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is almost -12 to 9 mm/yr across the districts. All the districts of Sudurpaschim Province show the
increasing precipitation trend. The Gandaki Province has the highest variation. The Tarai region
has the most increased trend with the highest in the southern belt of Sudurpaschim Province and
the lowest in Province two. The Chure of Sudurpaschim Province and Gandaki Province have an
increasing trend while it is decreasing in Bagmati Province.

In Nepal, the most flood-prone districts are Jhapa, Morang, Sunsari, Rautahat, Saptari, and Sarlahi.
The Jhapa district is one of the highly flood-prone districts with the highest number of flood events
from 1971 to 2019. Thunderbolts or lightning have increased in recent years in Makawanpur, Jhapa,
and Morang districts. Syangja, Taplejung Sankhuwasabha, and Dhading are the most landslide-
prone districts. The heatwaves have increased in recent years in Parsa, Rautahat, Saptari, and Sunsari
districts. Morang and Saptari district have experienced high windstorms in recent days. In the last 49
years (1971-2019), the most hailstorm-affected districts are Kaski, Tanahu, and Syangja. Fire hazards
are increasing in recent years in Morang, Saptari, Sunsari, and Jhapa districts. The analysis of 49 years
(1971-2019) of epidemics data revealed that Morang is the most epidemics-affected district in Nepal.

Table 14 below presents the Province-wise major climate-induced hazards, the ranking of Provinces
based on climatic hazards and their impacts, and disaster hotspots. A Province-wise comparison of
the combination of baseline context of 15 climatic hazards based on the historical climate shows
that Province two is the most affected by climatic hazards followed by Province one and Gandaki
Province. Similarly, a Province-wise comparison of the impact of climatic hazards shows that
Province two is the most impacted Province followed by Bagmati Province and Sudurpashchim
Province. This may be due to the high cross-cutting (socio-economic, GESI, resources, and services)
exposure and vulnerability in Province two.

Ranking of Provinces based on climatic hazards and their impacts

Hazard Impact

Province Major Hazards Climate-induced Disaster Hotspots
Rank Rank

Province one Epidemics, Fire, Flood, Landslide, GLOF 2 6 Jhapa, Morang, Sunsari, Udayapur

Province two Epidemics, Fire, Flood, Forest fire, Hailstorm 1 1 Saptari, Sarlahi, Mahottari, Siraha

Bagmati Epidemics, Fire, Flood, Landslide, Thunderbolt 4 2 Chitawan, Makwanpur, Sindhupalchok

Gandaki %\:S:]adnecrzi,ltEpldemlcs, Hailstorm, Landslide, 3 - B, (e, B

Lumbini Epidemics, Fire, Flood, Forest fire, Landslide 7 5 Banke, Dang, Rupandehi

Karnali Epidemics, Fire, Flood, Forest fire, Thunderbolt 6 Surkhet, Jajarkot, Kalikot, Dailekh

Sudurpashchim Epidemics, Fire, Flood, Forest fire, Landslide 5 3 Kailali, Doti, Kanchanpur, Achham

Future scenarios of climate extreme events: This section describes the change in extreme indices
that are selected as the major climate change indicators for Nepal. It indicates a range of possible
changes in the future, based on 11 indices of climate extremes (six indices about temperature, and
five for precipitation).

The composite index of climate extreme events in 2030 under the RCP 4.5 and RCP 8.5 shows that
most of the districts of Province one, Province two, Bagmati Province, and Gandaki Province are
most likely to experience high-very high incidences of climate extreme events in 2030. All the Tarai
districts and districts of Province two will observe increased extreme events in the future. Likewise,
the eastern districts of Province one will experience a very high incidence of extreme events. There is
not much variation under the RCP scenarios. Humla, Mugu, and Mustang districts in both scenarios
will experience very low climate extreme events. Figure 39, and Table 15 show that the climate
extreme events will be more intense and cover larger areas of Nepal compared to the current baseline
context. However, when analyzing individual climate extreme events, the results will be different.
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Figure 39: Climate Extreme events map under RCPs in 2030 a) RCP 4.5; b) RCP 8.5

Table 15: Extreme Events Composite Index - 2030

Extreme Events
Composite
Index Rank 2030

(More than 0.650)

(0.578 - 0.650)

(0.504 - 0.577)

(0.381 - 0.503)

(Less than 0.381)

Districts (RCP 4.5)

Dhading, Makawanpur, Sunsari, Terhathum,
Nuwakot, Sankhuwasabha, Rautahat, Tanahu,
Kavrepalanchok, Parbat, Syangja, Palpa, Sindhuli,
Morang, Bara, Chitawan, Kaski, Taplejung,
Panchthar, Jhapa, Sarlahi, Mahottari, Kathmandu,
Saptari, llam

Kapilbastu, Lamjung, Dolakha, Dhankuta, Baglung,
Sindhupalchok, Solukhumbu, Lalitpur, Udayapur,
Bhaktapur, Pyuthan, Banke, Siraha, Arghakhanchi,
Rupandehi, Bhojpur, Khotang, Okhaldhunga,
Dhanusha, Dang, Nawalpur, Parasi, Parsa, Gulmi,
Ramechhap

Rolpa, Rasuwa, Myagdi, Western Rukum, Bardiya,
Gorkha, Kailali, Surkhet, Baitadi, Salyan, Doti,
Kanchanpur

Dailekh, Darchula, Achham, Manang, Eastern
Rukum, Bajura, Kalikot, Jajarkot, Jumla, Bajhang,
Dadeldhura

Humla, Mugu, Dolpa, Mustang

Districts (RCP 8.5)

Dhading, Makawanpur, Kapilbastu, Lamjung,
Sunsari, Terhathum, Nuwakot, Sankhuwasabha,
Rautahat, Sindhupalchok, Tanahu, Kavrepalanchok,
Parbat, Syangja, Siraha, Arghakhanchi, Rupandehi,
Palpa, Sindhuli, Morang, Bara, Chitawan,
Dhanusha, Nawalpur, Kaski, Taplejung, Panchthar,
Jhapa, Sarlahi, Mahottari, Parasi, Parsa, Gulmi,
Kathmandu, Saptari, llam

Myagdi, Dolakha, Dhankuta, Baglung, Bardiya,
Solukhumbu, Lalitpur, Udayapur, Bhaktapur,
Pyuthan, Banke, Kailali, Bhojpur, Okhaldhunga,
Dang, Kanchanpur, Ramechhap

Rolpa, Rasuwa, Western Rukum, Gorkha, Dailekh,
Surkhet, Achham, Baitadi, Salyan, Doti, Eastern
Rukum, Khotang, Jajarkot, Dadeldhura

Darchula, Dolpa, Manang, Bajura, Kalikot, Jumla,
Bajhang

Humla, Mugu, Mustang

The compositive index of climate extreme events in 2050 shows an alarming situation. A majority
of the districts under both RCPs will experience a higher increase in extreme events. Out of 77
districts, 51 will experience a much higher incidence of climate extreme events. Except, Humla,
Mugu, Dolpa, Bajura, and Mustang districts, all the districts under RCP 4.5 will experience a higher
incidence of extreme events. Humla, Mugu, Dolpa, Mustang, and Bajura districts will experience
lower incidences of climate extreme events. Except for a slight variation in the mountain districts
of Karnali Province and Sudurpaschim Province districts, all other Provinces and the respective
districts within it will experience a higher incidence and very likely a high impact of climate extreme
events (Figure 40).
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Figure 40: Map of Composite Climate Extreme events under RCPs in 2050

Under RCP 8.5, the climate extreme events will be more intense and spreading. Out of the total number
of districts, 67 will experience a higher incidence of climate extreme events. Darchula, Manang, Kalikot,
Jumla, and Bajhang districts will experience moderate to slightly high extreme events. Whereas,
Humla, Mugu, Dolpa, Mustang, and Bajura will have a moderate incidence of climate extreme events.

The result show that in 2050, climate extreme events will increase immensely and expand to new
areas such as Karnali Province and Sudurpaschim Province. The scenario also shows that climate
extreme events will be higher compared to 2030. For example, the baseline context shows only
five districts having a higher incidence of extreme events whereas in 2050 the number of districts
that will be impacted will increase to 51 under RCP 4.5 and 67 districts under RCP 8.5.

The future projection of climate-induced hazards is challenging as it is difficult to determine
the exact attribution of climate extreme events or climate parameters to the naturally occurring
historical hazards. However, the above chapter revealed that the climatic hazards may become
more frequent, widespread, long-lasting, or intense under future climate change. There might
be multiple events at the same time across different regions, which may turn to be catastrophic.
Coupled with degrading ecosystems and biophysical processes under climate change, the climatic
hazards may create chronic stresses and catastrophic shocks.

Table 16: Extreme Events Composite Index - 2050

Extreme Events
Composite

District (RCP 4.5 District (RCP 8.5
Index Rank ( ) ( )
2050
BT R, R e [T, Dhadm_g, Rolpa, Makawappur, Kapilbastu, Rasuwa,
. . . Myagdi, Lamjung, Sunsari, Dolakha, Dhankuta,
Rasuwa, Myagdi, Lamjung, Sunsari,
Terhathum, Nuwakot, Sankhuwasabha, Rautahat,
Dolakha, Dhankuta, Terhathum, Nuwakot, . .
Baglung, Western Rukum, Sindhupalchok, Bardiya,
Sankhuwasabha, Rautahat, Baglung, .
. . . Gorkha, Solukhumbu, Lalitpur, Tanahu, Kavrepalanchok,
Sindhupalchok, Bardiya, Gorkha, Lalitpur, .
Dailekh, Udayapur, Bhaktapur, Parbat, Pyuthan,
(More than Tanahu, Kavrepalanchok, Bhaktapur, Parbat, Svanaia. Banke. Kailali. Surkhet. Achham. Siraha
0.651) Pyuthan, Syangja, Banke, Kailali, Siraha, yangia, ! ! ' ! !

Arghakhanchi, Baitadi, Rupandehi, Palpa, Bhojpur,
Sindhuli, Salyan, Morang, Bara, Doti, Eastern Rukum,
Khotang, Okhaldhunga, Chitawan, Dhanusha, Dang,
Nawalpur, Kaski, Kanchanpur, Taplejung, Panchthar,
Jajarkot, Jhapa, Sarlahi, Mahottari, Parasi, Parsa, Gulmi,
Ramechhap, Kathmandu, Saptari, Dadeldhura, llam

Arghakhanchi, Rupandehi, Palpa, Sindhuli,
Morang, Bara, Chitawan, Dhanusha, Dang,
Nawalpur, Kaski, Kanchanpur, Taplejung,
Panchthar, Jhapa, Sarlahi, Mahottari, Parasi,
Parsa, Gulmi, Kathmandu, Saptari, [lam
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Western Rukum, Solukhumbu, Dailekh,
Udayapur, Surkhet, Achham, Baitadi,
(0.578 - 0.650) Bhojpur, Salyan, Doti, Eastern Rukum, Darchula, Manang, Kalikot, Jumla, Bajhang
Khotang, Okhaldhunga, Jajarkot, Ramechhap,
Dadeldhura
(0.504 - 0.577) Darchula, Manang, Kalikot, Jumla, Bajhang Humla, Mugu, Dolpa, Mustang, Bajura
(0.381 - 0.503) Humla, Mugu, Dolpa, Mustang, Bajura

Future scenarios of climate-induced disasters

The projection of climate-induced hazards is challenging due to the lack of baseline data. However,
the literature shows that the climate-induced hazards will be intense and more damaging in
the future. The Climate Risk Country Profile of Nepal by the World Bank Group and the Asian
Development Bank has reported that the probability of drought and heatwave is projected to
increase while the probability of coldwave is projected to decrease in Nepal. An increase in a
median annual drought probability of at least 10 percent is projected by 2080-2099 under all
emission pathways. The probability of heatwave'” is projected to increase significantly, potentially
as high as 27 percent by the 2090s under the highest emissions pathway (RCP 8.5). Simultaneously,
the probability of coldwave is projected to decrease significantly, to less than one percent annually
over the same period.

The descriptive scenarios of climate variables and extreme indices, as described earlier, under
future climate change can be expressed as in Table 17 below (MoFE, 2019).

Table 17: Descriptive scenarios of climate variables and extreme indices under future climate change

Climate Variables and Extreme Indices Medium Term Scenario Long Term Scenario
Increase in temperature Likely Likely
Increase in precipitation Likely Likely
Increase in very wet days Likely Likely
Increase in extreme wet days Likely Likely
Decrease in rainy days Likely Likely
Increase in consecutive dry days About as likely as not About as likely as not
Increase in consecutive wet days About as likely as not About as likely as not
Increase in warm days and nights Likely Likely
Decrease in cold days and nights Likely Likely
Increase in warm spell duration Likely Likely
Decrease in cold spell duration Likely Likely

Table 18 below presents the descriptive scenarios of climatic hazards under future climate change
inferred from the scenarios of climate variables and extreme indices as given in Table 17 above.

17 A’HeatWave' is defined as a period of 3 or more days where the daily temperature is above the long-term 95th percentile of daily mean
temperature (World Bank, 2021, pp 11-13).
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Table 18: Descriptive scenarios of climatic hazards under future climate change

Climate Hazard Medium Term Scenario Long Term Scenario
Increase in heatwaves Likely Very likely
Decrease in cold waves Likely Very likely
Increase in heavy rainfall Likely Very likely
Decrease in snowstorms Likely Likely
Increase in thunderbolts Likely Likely
Increase in windstorms Likely Likely
Increase in hailstorms About as likely as not About as likely as not
Increase in floods Likely Likely
Increase in landslides Likely Likely
Increase in GLOFs Likely Likely
Increase in droughts About as likely as not About as likely as not
Increase in forest fires Likely Likely
Increase in fires Likely Likely
Increase in avalanches Likely Likely
Increase in epidemics Likely Likely

Note: virtually certain 99-100 percent probability, very likely 90—-100 percent, likely 66—-100 percent, about as likely as not 33-66
percent, unlikely 0-33 percent, very unlikely 0-10 percent, exceptionally unlikely 01 percent.

Studies also have shown that there will be an increase in the frequency of extreme river flows. What
would historically have been a 1 in 100-year flow is projected to become a 1 in 50-year or 1 in the 25-
year event in Nepal. The risk of GLOFs is also likely to increase (World Bank, 2021). For example, flood-
related studies show that the damages by the flood will be massive. An increase in potential flooding
impact is also projected by Paltan et al. (2018) who demonstrate that even under lower emissions
pathways coherent with the Paris Climate Agreement almost all Asian countries face an increase in
the frequency of extreme river flows. This increased severity of extreme river floods can be seen in
estimates by Willner et al. (2018) who projected that an additional 8,000-43,000 people will be affected
by an extreme flood event by 2035-2044 as a result of climate change (World Bank, 2021, pp 13-14).

The study on the assessment of flood hazard and quantitative agricultural damage in the Bagmati
River basin including the Lal Bakaiya River basin of Nepal under climate change conditions showed
that flood inundation area and agricultural damage area may increase in the future by 41.09 percent
and 39.05 percent in the case of 50-year flood, while 44.98 percent and 40.76 percent in the case of
a 100-year flood (Shrestha, 2019). A similar analysis in the Bagmati river basin revealed that climate
change will result in more extreme precipitation events in monsoon months and less precipitation in
other months resulting in a significant increase in the flood events in the future. The range of change
in 2-100 year return period floods was from 24-40 percent (Mishra and Srikantha, 2014).

6.2 Exposure to Climate-induced hazards/Extreme events

The exposure in this assessment comprises of the presence of people, livelihoods, species or
ecosystems, environmental functions, services, and resources, infrastructure, or economic, social,
or cultural assets in places and settings that could be adversely affected. The composite index
of exposure is prepared by combining all the relevant sectors included in this study. Due to the
uneven distribution of infrastructure and population, Kathmandu, Morang, and Rupandehi have
significantly higher exposure value than other districts, therefore this study has considered it as
an outlier in the mapping. Also, due to a lack of district-specific information, the urban and rural
settlements are not included in this composite exposure index and map.
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The exposure index shows that among the Provinces, exposure is high in Province two and
Bagmati Province. Also, some districts in Gandaki Province, the Tarai of Province one, and the
Tarai of Lumbini Province are exposed to climatic stressors. In Sudurpaschim Province, Kailali is
highly exposed.

The results show that Kapilbastu, Kailali, Rupandehi, Morang, and Kathmandu districts have
very high exposure to climate stressors. Also, Sunsari, Gorkha, Kavrepalanchok, Sindhuli, Bara,
Chitawan, Dang, Kaski, Jhapa, and Saptari districts have high exposure to climate-induced hazards.
The total population of a district is one of the major contributions to the exposure component.
Morang has 0.9 million inhabitants which are higher than adjoining districts Jhapa and Sunsari. The
latter two districts have a population of 0.8 million and 0.7 million respectively and are categorized
as high exposure districts. Districts such as Solukhumbu, Sankhuwasabha, and Taplejung are low
exposure districts, and their respective population is 0.10, 0.15, and 0.13 million, significantly lower
than highly exposed districts. In Bagmati Province, Kathmandu has very high exposure because it
has 1.7 million inhabitants, a lot more than adjoining districts Lalitpur (0.4 million) and Bhaktapur
(0.3 million).

Mountain districts such as Gorkha show higher exposure due to their larger district area despite
the population size. Other factors have also contributed to this. Districts such as Rasuwa, Manang,
Tehrathum, Dhankuta, Rasuwa, Nuwakot, Lamjung, Manang, Myagdi, Parbat, Argakhachi, Western
Rukum, and Kalikot in this category have lower populations and smaller areas contributing to low
exposure.

Exposure is also determined by the areas of land exposed to several climatic hazards. For example,
Rupandehi and Kapibastu fall in the very high exposure category. This is mainly because of the
higher land area under cereal crops in these two districts compared to other neighboring Tarai
districts: Banke (61,172 ha), Bardiya (69,580 ha), Kapilbastu (95,749 ha), Nawalpur (34,902 ha),
and Parasi (33,868 ha). The total land area exposed to climate change is also higher in Rupandehi
and Kapilbastu. Similarly, some Tarai districts including Dang, and Chitawan were also ranked
with a high degree of exposure. The attributing factors include large forest areas, wetland areas,
agro-ecosystems, a large number of households involved in forests and biodiversity management,
forest-based enterprises, and the presence of forest-related infrastructures such as forest roads,
fire lines, view towers, and buildings.

Another determinant of high exposure to hazards is related to exposure to infrastructure and
resources. Healthcare infrastructure such as hospitals, health posts, sub-health posts, and other
governmental and non-governmental infrastructures are higher in Kathmandu, Kaski, Chitawan,
and Morang. The highest number of functional water and sludge treatment plants can be found in
Kathmandu (Figure 41 and Table 19).
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Figure 41: Exposure map of Nepal

Table 19: Overall exposure index of Nepal

Overall Exposure Rank District

Very High (0.820 - 1) Kapilbastu, Kailali, Rupandehi, Morang, Kathmandu

High (0.636 - 0.819) Sunsari, Gorkha, Kavrepalanchok, Sindhuli, Bara, Chitawan, Dang, Kaski, Jhapa, Saptari
Dhading, Makawanpur, Dolakha, Rautahat, Sindhupalchok, Bardiya, Lalitpur, Tanahu,

Moderate (0.473 - 0.635) Udayapur, Pyuthan, Banke, Surkhet, Siraha, Palpa, Mustang, Dhanusha, Nawalpur,

Kanchanpur, Sarlahi, Mahottari, Bajhang, Parsa, Gulmi, [lam

Rolpa, Humla, Myagdi, Lamjung, Nuwakot, Sankhuwasabha, Baglung, Solukhumbu, Dailekh,
Low (0.335 - 0.472) Bhaktapur, Darchula, Syangja, Dolpa, Achham, Arghakhanchi, Baitadi, Bhojpur, Doti, Khotang,

Taplejung, Panchthar, Parasi, Ramechhap

pevienicenle Rukum, Okhaldhunga, Bajura, Kalikot, Jajarkot, Jumla, Dadeldhura

Mugu, Rasuwa, Dhankuta, Terhathum, Western Rukum, Parbat, Salyan, Manang, Eastern

Karnali and Sudurpaschim districts have low exposure. In these districts, the total population
and infrastructure are low. Because of their difficult geography, these regions have few or no
transportation links and infrastructure. Humla, Mugu, Rasuwa, Myagdi, Terhathum, Western
Rukum, Darchula, Dolpa, Manang, Kalikot, Jajarkot, and Jumla districts, for example, have low to
very low exposure in the drinking water, sanitation, and hygiene sector. This category includes the

majority of mountainous districts.

The overall findings show that 26 municipalities represent a high to a very high degree of exposure
to climate change (Figure 42a). Biratnagar, Lalitpur, Kathmandu, Birgunj, Bharatpur, Pokhara
Lekhnath, Ghorahi, Tulsipur are the older and bigger towns developed as metropolitan and sub-
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metropolitan cities and are very highly exposed municipalities. The majority of highly exposed
municipalities that have been established or declared in 2011 or earlier are highly populated with
high infrastructure investments in roads, irrigation, health and education infrastructures, cultural
heritage sites, and market centers that provide services and functions at the municipalities. The rest
of the other 267 municipalities across Nepal are characterized by moderate to very low exposure
to climate change. These municipalities are less populated and have limited infrastructure
development. Very less exposed municipalities include the newly declared municipalities with low
population and infrastructure and resources.

Figure 42: Exposure map of the a) urban municipalities; b) rural municipalities

In the case of rural municipalities, exposure is high in the Tarai and mid-hills rural municipalities
compared to the mountain rural municipalities. The Tarai of Province one, Lumbini Province,
Sudurpaschim Province has higher exposure. Besides, the mid-hills of Bagmati Province and
Gandaki Province are highly vulnerable (Figure 42b). Mostly the demographic and resource
concentration in the rural municipalities played a major role in increasing the exposure to climate-
induced hazards.

6.3 Sensitivity to climate-induced hazards/climate extreme
events

Sensitivity is understood as the predisposition of society and ecosystems to suffer harm as a
consequence of intrinsic and context conditions making it plausible that such systems once
impacted will collapse or experience major loss and damage due to the influence of a climatic hazard
event. Often susceptibility is determined or differentiated by physical, biological, socio-economic,
and structural characteristics of the exposed units. In this assessment composite sensitivity index
is prepared to combine all the sectoral sensitivity values of the 77 districts. Mostly the sensitivity
indicators are related to a) Demography and socio-economic differences; b) System and practices;
b) Status of resource use: demand, supply, and use; c) Gender and socio-structural differences;
d) Proximity and severity of impact; e) Location; f) Geological factors: slope, soil; g) Types of
resources: forest types, agriculture types; h) Types and Conditions: health status, functionality; i)
Others.
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Figure 43: Sensitivity map of Nepal

The result shows that all the hill and mountain districts of Lumbini Province, Karnali Province, and
Sudurpaschim Province are high to very highly sensitive to climate change impacts. In Gandaki
Province, Gorkha, Baglung, Myagdi, Syangja, Tanahu, and Kaski districts experience a high to a very
high degree of sensitivity to climate change impacts. Besides, leaving Kathmandu, Lalitpur, and
Bhaktapur districts, all the hill and mountain districts of Bagmati Province fall in the high to very high
sensitive category. Province one districts have mixed results. Only the mountain districts of Province
one have a high to a very high degree of sensitivity. Except for Mahottari, which falls in the moderate
sensitivity category, all other districts in Province two falls in low to a very low degree of sensitivity.

The results show that the sensitivity to climate change is very high in Dhading, Humla, Dolakha,
Sankhuwasabha, Baglung, Sindhupalchok, Gorkha, Solukhumbu, Pyuthan, Bajura, Bajhang,
Gulmi, and Ramechhap districts. On the contrary, Bardiya, Bhaktapur, Parbat, Banke, Panchthar,
and Parsa districts fall in the very low sensitivity category (Figure 43 and Table 20).

Table 20: Overall sensitivity index of Nepal

Sensitivity Rank  District
Very High Dhading, Humla, Dolakha, Sankhuwasabha, Baglung, Sindhupalchok, Gorkha, Solukhumbu, Pyuthan,
(0914 -1) Bajura, Bajhang, Gulmi, Ramechhap
High Rolpa, Makawanpur, Rasuwa, Myagdi, Nuwakot, Tanahu, Kavrepalanchok, Dailekh, Darchula, Syangja,
(0.860 - 0.913) Kailali, Arghakhanchi, Baitadi, Palpa, Sindhuli, Chitawan, Kalikot, Kaski, Taplejung, Jajarkot, Jumla
Moderate Mugu, Lamjung, Udayapur, Dolpa, Surkhet, Achham, Bhojpur, Salyan, Morang, Doti, Manang, Khotang,
(0.784 - 0.859) Okhaldhunga, Dang, Nawalpur, Jhapa, Mahottari, llam

Low Kapilbastu, Sunsari, Dhankuta, Terhathum, Rautahat, Western Rukum, Lalitpur, Siraha, Rupandehi,
(0.683 - 0.783) Mustang, Bara, Eastern Rukum, Dhanusha, Kanchanpur, Sarlahi, Parasi, Kathmandu, Saptari, Dadeldhura
Very Low

(0.575 - 0.682) Bardiya, Bhaktapur, Parbat, Banke, Panchthar, Parsa
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There are variations within sectors in terms of degree of sensitivity to climate change. For example,
in the transport, industry, and physical infrastructure sector, the analysis shows that Kathmandu,
Lalitpur, and Kaski fall in the high to very highly sensitive districts. Also, Lalitpur, Kathmandu,
and Kaski fall in the very low sensitivity category in the socio-economic sectoral analysis. In
the agriculture and food security sector, the analysis shows the majority of districts in Gandaki
Province, Lumbini Province and Karnali Province fall under the very-high sensitivity category.
Highly sensitive districts are spread across the mid-hill and high-hill regions from east to west.
The Tarai districts have either low or very low degree of sensitivity.

In the water and energy sector, the result shows that all the districts of Tarai and Siwalik, except
Kailali and Morang, have comparatively lower sensitivity to climate change. The districts in the hills
of Gandaki Province and Lumbini Province, and Baitadi, Dailekh, Kavrepalanchok, and Okhaldhunga
have comparatively high sensitivity. Similarly, most of the districts in the middle and high mountains
have also comparatively high sensitivity to climate change. On contrary, most Tarai districts such as
Parsa, Rautahat, Dhanusha, Siraha, Saptari, and Sunsari have very low sensitivity.

Urban and rural settlements are notincluded inthe overall assessment. The assessment of sensitivity
includes 293 municipalities only. The overall findings show that 121 municipalities exhibit a high
to a very high level of sensitivity (Figure 44a). Among them, the majority of the municipalities
scattered across all seven Provinces in Nepal exhibit sensitivity to climate change. This is because
their geological features such as slope, geology, and soil characteristics increase susceptibility to
climate extreme events and hazards. The municipalities in the hilly region and mountain region
are more sensitive than that of the Tarai region except in some flood-prone municipalities where
they have a higher number of exposed population and infrastructures increasing their respective
sensitivity to annual flood events. According to the findings, 18 municipalities in Province One and
23 municipalities in Bagmati Province are classified as very high and high sensitivity due to their
fragile landscape features such as steep slope, geology, and soil. Similarly, 9 municipalities in
Lumbini Province, 22 municipalities in Gandaki Province, 19 municipalities each in Karnali Province
and Sudurpaschim Province are classified as very high and high sensitivity, respectively, due to
their proximity to flood-prone and landslide-prone areas.

Development practices such as rampant construction of buildings, expansion of unplanned
settlements, the rapid development of physical infrastructure, and social infrastructure in disaster
risk-prone municipal areas have also contributed to increased sensitivity to climatic hazards.
Sensitivity to climatic hazards further increases due to lack of building code compliance, fragile
and feeble road networks, maladaptive water schemes, and irrigation infrastructure. This study
shows that only 46 municipalities have only implemented building codes.

Figure 44: Sensitivity map of the a) urban municipalities; b) rural municipalities
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In the case of the rural municipalities, the findings show that most of the Tarai and mid-hill rural
municipalities in all the Provinces are highly sensitive to climate-induced extreme events and
hazards. The sensitivity is high in the mid-hills of Bagmati Province and Gandaki Province. In
Lumbini Province, Tarai and mid-hill rural municipalities have higher sensitivity. In the case of
Province one, the higher sensitivity is found in rural municipalities of the Tarai region (Figure 44b).

6.4 Adaptive Capacity

The adaptive capacity is the ability of systems, institutions, humans, and other organisms such
as plant and faunal species to adjust to potential damage, to take advantage of opportunities,
or to respond to the consequences of climate change. In this assessment, adaptive capacity was
assessed in terms of socio-economic capability such as the Human Development Index (HDI),
Gender Inequality Index (Gll), Gross Domestic Product (GDP), savings; institutional capability:
access to goods and services (hospitals), adoption of policies and plans, codes and standards,
actors and agencies; physical and technological: access to technology and practices, access to
climate-resilient infrastructure, Early Warning Systems (EWS), well functional system; financial:
access to insurance, access to financial institutions, budget flow, available fund; resourcefulness:
access to safe drinking water and improved sanitation (Figure 45, Table 21).
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Figure 45: Adaptive capacity map of Nepal
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Overall adaptive capacity index of Nepal

Adaptive Capacity Rank  District
Very High (0.721 - 1) Lalitpur, Rupandehi, Chitawan, Kaski, Jhapa, Kathmandu

High (0.587 - 0.720) Makawanpur, Kapilbastu, Sunsari, Rautahat, Kavrepalanchok, Bhaktapur, Kailali, Siraha, Morang,
gn 1t ' Bara, Dhanusha, Dang, Nawalpur, Kanchanpur, Sarlahi, Saptari
Dhading, Dolakha, Nuwakot, Sindhupalchok, Bardiya, Gorkha, Solukhumbu, Tanahu, Syangja,

I -, Banke, Surkhet, Arghakhanchi, Palpa, Sindhuli, Taplejung, Mahottari, Parsa, Gulmi, llam

Rolpa, Rasuwa, Myagdi, Lamjung, Dhankuta, Terhathum, Sankhuwasabha, Baglung, Udayapur,
Low (0.364 - 0.485) Parbat, Pyuthan, Achham, Baitadi, Bhojpur, Salyan, Doti, Eastern Rukum, Khotang, Okhaldhunga,
Panchthar, Parasi, Ramechhap, Dadeldhura
Very Low (0.237 - 0.363) Hu'mla, Mugu, West'ern Rukum, Dailekh, Darchula, Dolpa, Mustang, Manang, Bajura, Kalikot,

Jajarkot, Jumla, Bajhang
The assessment shows that Lalitpur, Rupandehi, Chitawan, Kaski, Jhapa, and Kathmandu districts
have a very high adaptive capacity with the ability to adjust well to the adverse effect of climate
change. These districts have higher HDI, higher GDP, higher literature rate, improved access to
infrastructure, health, and other services such as access to finance, access to government services,
access to safe and clean drinking water, access to electricity, food sufficiency status due to access,
access to information and technology, etc. Besides, Morang of Province one also falls into the
category of high adaptive capacity. Economically active population, labour productivity, per-capita
income are the major contributing factors to enhance the adaptive capacity of those districts in
comparison to adjoining districts. Morang has a higher economically active population which is
3,77,0003 (29,000 in Jhapa). Labour productivity for Morang is NPR 1,29,000, and 1,22,000 for
Jhapa. Per capita income is USD 1250 for Morang and USD 1226 for Jhapa.

Among the Provinces, Karnali Province, and Sudurpaschim Province have low to very low adaptive
capacity. Except for Surkhet, Kailali, and Kanchanpur districts, all other districts in the hills and
mountain region have low to very low adaptive capacity. Adaptive capacity is also lower in many
hilly districts of the Lumbini Province and Gandaki Province. The mountain districts, particularly
Mustang and Manang districts, of the Gandaki Province fall in very low adaptive capacity.

Moreover, most districts in the mid-hill and high-hill regions of Province one have low adaptive
capacity. This is supported by many sectoral adaptive capacity assessments. In the agriculture and
food security sector, the majority of the districts in Karnali Province, and Sudurpaschim Province
fall under the low to very low adaptive capacity category particularly because of the high incidence
of poverty and food insecurity. On the contrary, there is sectoral variation in terms of adaptive
capacity. For example, in water resources and energy, Achham, Pyuthan, Gorkha, and Dolakha
districts have a higher adaptive capacity. Besides, in the forest, watersheds, and biodiversity sector,
the Far-western region represented high adaptive capacity mainly due to the implementation of
some watershed interventions (e.g., in Doti, Dadeldhura, and Achham activities).

Besides, all the districts of Province two have moderate to low adaptive capacity. Except for Parsa,
and Mahottari, all other districts are in the high adaptive capacity category. In the forest, watershed,
and biodiversity sectors, both Tarai and Siwalik regions generally have high to very high adaptive
capacity. Siwalik region represented the east-west distinction of adaptive capacity: the eastern
part of the region is characterized by low adaptive capacity, while the western part exhibits very
high adaptive capacity. The opposite is true in the Tarai region: the eastern Tarai has a very high
adaptive capacity, while few parts of the western Tarai exhibit high adaptive capacity.
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The adaptive capacity analysis was not included in the composite map and table for urban and
rural settlements. The analysis of 293 urban municipalities shows that 40 municipalities have high
to very high adaptive capacity whereas 179 municipalities have low to very low adaptive capacity
(Figure 46a). The higher adaptive capacity was found in old municipalities established before 2011.
These municipalities have received huge investments in urban planning and local development
compared to newly established/declared municipalities. Municipalities such as Biratnagar, Birgunj,
Damak, Kathmandu, Butwal, Itahari, Pokhara Lekhnath, etc., exhibit high to very high adaptive
capacity. According to the findings, 28 municipalities in Province one, 51 municipalities in Province
two, 10 municipalities in Bagmati Province, and 18 municipalities in Gandaki Province have low to
very low adaptive capacity. In addition, 17 municipalities in Lumbini Province, 24 municipalities in
Karnali Province, and 31 municipalities in Sudurpaschim Province have low to very low adaptive
capacity. The major cause of low adaptive capacity is a higher incidence of poverty, inadequate
infrastructure development and access, and other prevailing local development challenges. The
majority of municipalities of Province two have small land holding areas with few inhabitants
and infrastructures in comparison to other provinces which reflected the relatively lower value of
adaptive capacity. While comparing with other provinces, Gandaki Province, Bagmati Province,
and Lumbini Province have a better adaptive capacity due to high HDI, improved access to services
and infrastructures, greater investment in the sector, etc.

Most of the old urban towns and cities of Nepal like Kathmandu, Pokhara, and Biratnagar have access
to resources, access to information, and resilient and standard development practices. Therefore
municipalities that have developed and implemented long-term periodic and integrated plans,
including disaster preparedness plans, with adequate human resources for resilient construction
of infrastructure, and prioritized investments in urban planning and local development have the
higher adaptive capacity and vice versa.

Figure 46: Adaptive capacity map of the a) urban municipalities; b) rural municipalities

Besides, the findings show that most of the rural municipalities in Province two, Karnali Province,
and Sudurpaschim Province have lower adaptive capacity. The low adaptive capacity is mostly
triggered by a lack of access to resources and services, including lower HDI and higher incidence
of poverty in the Provinces and respective rural municipalities (Figure 46b).
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Figure 47: Adaptive capacity map of the protected areas

In the tourism sector, the Protected Areas (PAs) which are major tourist destinations are analyzed
separately. The findings show that Bardiya, Banke, and Chitawan National Parks have a higher
adaptive capacity. These protected areas are situated in plain areas (Figure 47). They have good
access to strategic roads, have a sizeable number of hotels and restaurants, financial institutions,
and health service facilities in the districts, where the PAs are located. By contrast, the majority
of the PAs in the eastern and central mountain region of Province one and Bagmati Province,
including Karnali Province and Sudurpashim Province have comparatively low adaptive capacity.

6.5 Vulnerability

In this assessment, vulnerability is defined as sensitivity or susceptibility to harm, as well as a lack
of capacity to cope and adapt. It is influenced by a variety of conditions varying in their sensitivity,
such as demographic, socioeconomic, ecological, physical, and geological characteristics, as
well as the status and condition of resources and infrastructures. Furthermore, it is dependent on
adaptability, which is influenced by socioeconomic assets, the existence of policy and regulations,
access to power, access, control, and ownership over resources.

According to the findings, the majority of the districts (50) have a high-very high vulnerability level.
Furthermore, the majority of these districts are located in hilly or mountainous terrain. Dhading,
Rolpa, Humla, Mugu, Rasuwa, Myagdi, Dolakha, Sankhuwasabha, Baglung, Sindhupalchok, Gorkha,
Dailekh, Pyuthan, Darchula, Dolpa, Baitadi, Salyan, Manang, Bajura, Kalikot, Jajarkot, Jumla, Bajhang,
and Ramechhap districts are among those. Furthermore, all mountain districts are classified as highly
vulnerable. Makawanpur, Lamjung, Dhankuta, Terhathum, Nuwakot, Western Rukum, Solukhumbu,
Tanahu, Udayapur, Syangja, Surkhet, and Achham Arghakhanchi, Palpa, Bhojpur, Sindhuli, Mustang,
Doti, Eastern Rukum, Khotang, Okhaldhunga, Taplejung, Mahottari, Gulmi, Dadeldhura, and llam are
the high-vulnerability districts (Figure 48, Table 22).
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All of the districts in Karnali Province are vulnerable to varying degrees. Except for Surkhet, Western
Rukum, and Eastern Rukum districts, all other districts are extremely vulnerable. Except for Kailali
and Kanchanpur districts, all other districts in Sudurpaschim Province are vulnerable to varying
degrees. Sudurpaschim Province and Karnali Province are particularly vulnerable. Bagmati Province
is vulnerable in a variety of ways. The Kathmandu district of Bagmati Province has the lowest
vulnerability. The districts of Lalitpur, Bhaktapur, and Chitawan are classified as low vulnerability.
Similarly, the Kavrepalanchowk district is classified as moderate. The rest of Bagmati Province's
districts are classified as high to very high in terms of vulnerability. In the Gandaki Province, the
districts of Kaski, Parbat, and Nawalpur are classified as moderately vulnerable. The remaining
districts in the Gandaki Province are vulnerable to varying degrees. Myagdi, Baglung, Manang,
and Gorkha districts are among those with extremely high vulnerability. Furthermore, the Lumbini
Province has a mixed vulnerability distribution. Except for Morang, Sunsari, Jhapa, and Panchthar, all
hilly and mountain districts in Province one are vulnerable to a high-very high degree. Sankhuwasaba
district is classified as extremely vulnerable. Furthermore, except Mahottari, which falls into the
high vulnerability category, all districts in Province two fall into the moderate to low vulnerability
category. In Province two, the districts of Rautahat, Bara, Dhanusha, Parsa, and Saptari are classified
as low vulnerability, while Siraha and Sarlahi are classified as moderate vulnerability.

Because of high adaptive capacity and comparatively lower sensitivity, the vulnerability in the
Tarai appears moderate to low in the majority of districts. One of the reasons is that many rural
municipalities do not have forests within their borders. Although multidimensional poverty and
hazards are prevalent, other factors such as remoteness, access to resources, and existing facilities
influence vulnerability. It is influenced by a variety of factors, including improved access to roads
and infrastructure, diverse biodiversity, and access to energy.

> Z

30

28 Government of Nepal

Ministry of Forests and Environment

28

Overall
Vulnerability Rank
Very Low
Low
Moderate
High
Very High

27

Local level boundary

— District boundary

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

Province boundary

+ = International boundary

BO 81 B2 B3 B4 B5 B& a7 BE

Figure 48: Vulnerability map of Nepal
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Table 22: Overall vulnerability index of Nepal

Vulnerability Rank District

Dhading, Rolpa, Humla, Mugu, Rasuwa, Myagdi, Dolakha, Sankhuwasabha, Baglung,
Very High (0.778 - 1) Sindhupalchok, Gorkha, Dailekh, Pyuthan, Darchula, Dolpa, Baitadi, Salyan, Manang, Bajura,
Kalikot, Jajarkot, Jumla, Bajhang, Ramechhap

Makawanpur, Lamjung, Dhankuta, Terhathum, Nuwakot, Western Rukum, Solukhumbu, Tanahu,
High (0.623 - 0.777) Udayapur, Syangja, Surkhet, Achham, Arghakhanchi, Palpa, Bhojpur, Sindhuli, Mustang, Doti,
Eastern Rukum, Khotang, Okhaldhunga, Taplejung, Mahottari, Gulmi, Dadeldhura, llam

Moderate (0.502 - 0.622) Kavrepalanchok, Parbat, Kailali, Siraha, Morang, Dang, Nawalpur, Kaski, Panchthar, Sarlahi, Parasi

Kapilbastu, Sunsari, Rautahat, Bardiya, Lalitpur, Bhaktapur, Banke, Rupandehi, Bara, Chitawan,
Dhanusha, Kanchanpur, Jhapa, Parsa, Saptari

Very Low (0 - 0.178) Kathmandu

Low (0.179 - 0.501)

The outcome of this assessment differs slightly from the outcome of NAPA's vulnerability mapping
in 2010 (Table 23). For example, Kathmandu and Bhaktapur, which were previously classified as
highly vulnerable to climate change, are now classified as low and very low vulnerable. However,
there are some similarities with districts such as Jhapa, Banke, Rauttahat, and Rupandehi. In 2010,
these districts were classified as having low vulnerability. The current assessment was completed
after nearly 10 years. There is also a slight difference in the methodology employed. NAPA, for
example, used the IPCC's AR Four framework as a reference, whereas this VRA used the AR Five
framework.

Table 23: Overall climate change vulnerability Index during NAPA, 2010

Vulnerability Ranking Districts
Very High (0.787-1.000)  Kathmandu, Ramechhap, Udayapur, Lamjung, Mugu, Bhaktapur, Dolakha, Saptari, Jajarkot

Mahottari, Dhading, Taplejung, Siraha, Gorkha, Solukhumbu, Chitwan, Okhaldhunga,

DN RO Achham, Manang, Dolpa, Kalikot, Khotang, Dhanusha, Dailekh, Parsa, Salyan

Sankhuwasabha, Baglung, Sindhuli, Bhojpur, Jumla, Mustang, Rolpa, Bajhang, Rukum,
Moderate (0.356-0.600)  Rautahat, Panchthar, Parbat, Dadeldhura, Sunsari, Doti, Tanahu, Makawanpur, Myagdi, Humla,
Bajura, Baitadi, Bara, Rasuwa, Nawalparasi, Sarlahi, Sindhupalchok, Darchula, Kaski

Nuwakot, Dhankuta, Kanchanpur, Bardiya, Kapilbastu, Terhathum, Gulmi, Pyuthan, Surkhet,
Arghakhanchi, Morang, Dang, Lalitpur, Kailali, Syangja, Kavrepalanchowk

Very Low (0.000-0.180) llam, Jhapa, Banke, Palpa, Rupandehi
Source: MoE/NAPA Project (2010) Climate change vulnerability mapping for Nepal.

Low (0.181-0.355)

When it comes to physiographic regions, the results suggest that high mountains and mid-hills
are more vulnerable than other areas. Within the provinces, there is a wide range of physiographic
vulnerability. This is, however, context-dependent and varies by sector.

The sectoral vulnerability, on the other hand, varies. In the agriculture sector, high sensitivity and
poor adaptive capacity have made most districts in Karnali Province and Sudurpaschim Province
extremely vulnerable. In all Provinces, there is a high level of vulnerability in a few mid and high-hill
districts. Furthermore, except Nawalpur and Parasi, all Tarai districts have very low vulnerability
because they are less sensitive and have a greater capacity to adapt (Figure 49a). Besides, high
vulnerability is observed in hills and mountain districts in the forest and biodiversity sector, with
Mugu, Sankhuwasabha, Dolpa, and Kalikot districts having very high vulnerability (Figure 49b).
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Figure 49: Vulnerability of a) Agriculture and food security sector;
b) Forest, Biodiversity and Watershed sector

Vulnerability in the water resource and energy sectors is concentrated in the Bagmati Province,
Gandaki Province, Lumbini Province, Karnali Province, and Sudurpaschim Province. However,
there are a few districts in Province one that is also highly vulnerable (Figure 50). The findings
show that most of the watersheds in Bagmati Province, Gandaki Province, Lumbini Province,
Karnali Province, and Sudurpaschim Province are highly vulnerable (Figure 51a). Furthermore, the
result shows that the sub-basins of the Karnali river basin have a higher vulnerability to climate

change impacts (Figure 51 b).
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Figure 50: Vulnerability of water resources and energy sector
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Figure 51: Vulnerability of a) Watershed, b) Sub-basin

Apart from Karnali Province and Sudurpaschim Province, vulnerability appears to be higher in
Province two in the health (Figure 52a) and WASH sectors (Figure 52b). These Provinces have
a higher population that is vulnerable to climate-related hazards like epidemics. There is also
a higher proportion of women, children, and people with health problems. Furthermore, the
districts' adaptive capacity was hampered by a lack of access to hospitals, safe drinking water,
and improved sanitation
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Figure 52: Vulnerability of: a) health sector; h) WASH sector

In the case of the tourism sector, the vulnerability in the cultural heritage sub-sector shows that
mostly mountain districts of Province one, Bagamati Province, Gandaki Province, Karnali Province,
and Sudurpaschim Province have high vulnerability compared to other region and Provinces
(Figure 53a). In the protected areas, the vulnerability is higher in the mountains compared to other
locations (Figure 53b). In the Transport, Industry, and Physical Infrastructure sector, the vulnerability
is highly concentrated in the mid-hills and mountain districts. The vulnerability is higher in Province
two, Bagmati Province, Gandaki Province, Lumbini Province, and Karnali Province.
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Figure 53: Vulnerability of a) Cultural heritage sites- tourism;
b) Transport, Industry, and Physical Infrastructure sector

In terms of GESI, livelihood, and governance, vulnerability is higher in the Karnali Province and
Sudurpaschim Province, due to increased sensitivity as a result of higher poverty incidence, food
insecurity, low income, lower HDI, and GDI, and low adaptive capacity. Such vulnerability as a result
of increased sensitivity and very low adaptive capacity is an indication of persistent vulnerability
(Figure 54). Besides, few districts in Province two and Bagmati Province (mostly in the Chure
region) are vulnerable.

The vulnerability analysis of urban municipalities also reveals that the majority of vulnerable
municipalities are concentrated in the Karnali Province and Sudurpaschim Province. Among
the 293 municipalities assessed, 37 are classified as very high, 52 as high, 42 as moderate, 58
as low, and 104 as very low vulnerable (Figure 55a). Pokhara Lekhnath, Dharan, Kathmandu,
Biratnagar, Lalitpur, Dhangadi, Dharan, Dhankuta, and additional long-established metropolitan,
sub-metropolitan, and municipal areas have the very high adaptive capacity and low vulnerability
to climate change. These municipalities have a high level of human development index, adequate
livelihood assets, and access to urban services and functions. They are also economically sound,
have a resilient physical and social infrastructure, and have the institutional capacity to plan
for and respond to climate-induced shocks and stress effectively. As a result, long-established
municipalities have adequate capacity to deal with climate-related shocks and stresses.

Furthermore, municipalities with low vulnerability rankings are better positioned to protect
and improve people's lives, secure development gains, and foster an investible environment.
Municipalities in the high to very high vulnerability category were found in all seven Provinces,
including 21 municipalities in Province one, 9 municipalities in Province two, 17 municipalities in
Bagmati Province, 19 municipalities in Gandaki Province, 18 municipalities in Lumbini Province,
21 municipalities in Karnali Province, and 21 municipalities in Sudurpaschim Province. The main
reason for the high vulnerability found in municipalities across all Provinces is their extreme
sensitivity and limited adaptive capacity.
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Figure 54: Vulnerability of GESI, Livelihood, and Governance sector

Many municipalities face severe climate and development challenges, such as proximity to risk-prone
areas where administrative and technical solutions are lacking. The vulnerability in rural municipalities
is concentrated in Province two, Bagmati Province, Lumbini Province, Karnali Province, and
Sudurpaschim Province. Few municipalities in the Gandaki Province are also vulnerable. Except for
Province one and Gandaki Province, the vulnerability is distributed across all physiographic regions of
the remaining provinces. Karnali Province and Sudurpaschim Province are the most vulnerable of the
Provinces. Furthermore, the Provinces' vulnerability is influenced by higher sensitivity of population
and resources, as well as a lower capacity to respond to the effects of climate change (Figure 55b).
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Figure 55: Vulnerability of a) the urban municipalities; b) rural municipalities

In summary, it is also highly likely that future vulnerabilities will also increase across the majority of the
municipalities and provinces due to the projection of increased hazards, the socio-economic downfalls
due to COVID-19, and other issues, including the political instability in Nepal. The extreme events
and climate-induced hazards are projected to increase and impact mostly Province one, Province
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two, Bagamati Province, and Gandki Province in the medium term. However, the climate extreme
events will be impacting all the provinces in 2050. This increases the sensitivity of the population and
livelihood resources, including other basic infrastructures and services. The findings in the previous
chapter also show that there will be increasing migration to the urban areas making urban poverty
a major issue. Besides, it shows that the development progress in Province two, Karnali Province
and Sudupaschim Province will be sluggish. All these circumstances lead to the inadequate adaptive
capacity of the provinces to respond to climate change impact. Among others, findings show that the
poor, marginalized, women, children, elderly, disabled will be more vulnerable to the impacts.

6.6 Risk of climate change impact

Risk is determined by factors such as exposure, vulnerability, and hazards. The exposure and
vulnerability in this study are based on the current context, while the hazard is based on climate
extreme events in the mid-term (2030) and long-term (2050) periods under two climatic scenarios,
RCP 4.5 and RCP 8.5. As a result, the overall risk scenarios are dependent on the hazard scenario. The
function of climate extreme events is a hazard. Floods, for example, are affected by precipitation, wet
spell duration, and the number of extreme wet days; similarly, landslides are affected by precipitation
and the number of extreme wet days; and hailstorms are affected by temperature and precipitation.

Baseline risk of climate change impact

The overall baseline risk of climate change impact is calculated by taking current hazards, exposure,
and vulnerability into account. Because it is an aggregated risk index and map, it may not accurately
represent sector-specific baseline risks. According to the findings, climate-induced disasters had
a significant impact on the districts of Dhading, Makawanpur, Sindhupalchok, Gorkha, Kailali,
Sindhuli, Morang, and Jhapa. Furthermore, climate-induced disasters had a significant impact on
the districts of Dolakha, Nuwakot, Sankhuwasabha, Tanahu, Kavrepalanchok, Udayapur, Pyuthan,
Siraha, Chitawan, Dang, Kaski, Mahottari, and Saptari (Figure 56 and Table 24).
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Figure 56: Baseline risk of climate change impact in Nepal
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Overall baseline risk index of Nepal

District

Dhading, Makawanpur, Sindhupalchok, Gorkha, Kailali, Sindhuli, Morang, Jhapa

Dolakha, Nuwakot, Sankhuwasabha, Tanahu, Kavrepalanchok, Udayapur, Pyuthan, Siraha,
Chitawan, Dang, Kaski, Mahottari, Saptari

Rolpa, Kapilbastu, Sunsari, Rautahat, Baglung, Bardiya, Solukhumbu, Dailekh, Syangja, Surkhet,
Rupandehi, Palpa, Dhanusha, Nawalpur, Taplejung, Sarlahi, Bajhang, Gulmi, Ramechhap, llam
Myagdi, Lamjung, Dhankuta, Lalitpur, Darchula, Banke, Achham, Arghakhanchi, Baitadi, Bhojpur,
Salyan, Bara, Doti, Khotang, Kanchanpur, Panchthar, Jajarkot, Jumla, Parasi, Parsa, Kathmandu
Humla, Mugu, Rasuwa, Terhathum, Western Rukum, Bhaktapur, Parbat, Dolpa, Mustang, Manang,
Eastern Rukum, Okhaldhunga, Bajura, Kalikot, Dadeldhura

Baseline Risk Rank
Very High (0.584 - 0.719)

High (0.468 - 0.583)
Moderate (0.358 - 0.467)
Low (0.252 - 0.357)

Very Low (0.120 - 0.251)

On the other hand, disasters have had little effect in the districts of Humla, Mugu, Rasuwa, Terhathum,
Western Rukum, Bhaktapur, Parbat, Dolpa, Mustang, Manang, Eastern Rukum, Okhaldhunga,
Bajura, Kalikot, and Dadeldhura. Myagdi, Lamjung, Dhankuta, Lalitpur, Darchula, Banke, Achham,
Arghakhanchi, Baitadi, Bhojpur, Salyan, Bara, Doti, Khotang, Kanchanpur, Panchthar, Jajarkot, Jumla,
Parasi, Parsa, and Kathmandu were among the districts that experienced little damage from disasters.
Only 20 districts in Nepal are classified as having a moderate baseline risk (Figure 56 and Table 24).

Table 25 shows that, despite their high vulnerability, Humla, Mugu, Dolpa, Manang, and Bajhang
currently face a low risk and impact from climate change. It is mostly because climate severe
events occur infrequently. Furthermore, despite witnessing higher climate severe events and high
exposure, the districts of Jhapa, Chitawan, Rupandehi, Kapilvastu, and Kathmandu have low to
very low vulnerability. In addition, the districts of Rolpa, Rasuwa, and Myagdi have low climate risk
and exposure but high vulnerability.

Table 25: Districts with high extreme events, exposure, and vulnerability

Elements of

High -Very high Low — Very low

Risks
Climate Very high: Sankhuwasabha, Morang, Chitawan, Jhapa Very low: Humla, Mugu, Dolpa, Mustang,
extreme Manang, Bajura
events High: Dhading, Makawanpur, Sunsari, Rautahat,
Sindhupalchok, Tanahu, Kavrepalanchok, Parbat, Syangja, Low: Rolpa, Rasuwa, Myagdi, Western Rukum,
Kailali, Siraha, Rupandehi, Palpa, Sindhuli, Bara, Dhanusha, Dailekh, Darchula, Baitadi, Salyan, Eastern
Nawalpur, Kaski, Taplejung, Panchthar, Sarlahi, Mahottari, Rukum, Kalikot, Jajarkot, Jumla, Bajhang,
Parasi, Parsa, Saptari, llam Dadeldhura
Exposure Very high: Kapilbastu, Kailali, Rupandehi, Morang, Very Low: Mugu, Rasuwa, Dhankuta,
Kathmandu Terhathum, Western Rukum, Parbat, Salyan,
Manang, Eastern Rukum, Okhaldhunga,
High: Sunsari, Gorkha, Kavrepalanchok, Sindhuli, Bara, Bajura, Kalikot, Jajarkot, Jumla, Dadeldhura
Chitawan, Dang, Kaski, Jhapa, Saptari
Low: Rolpa, Humla, Myagdi, Lamjung, Nuwakot,
Sankhuwasabha, Baglung, Solukhumbu, Dailekh,
Bhaktapur, Darchula, Syangja, Dolpa, Achham,
Arghakhanchi, Baitadi, Bhojpur, Doti, Khotang,
Taplejung, Panchthar, Parasi, Ramechhap
Vulnerability ~ Very high: Dhading, Rolpa, Humla, Mugu, Rasuwa, Myagdi, ~ Very low: Kathmandu

Dolakha, Sankhuwasabha, Baglung, Sindhupalchok, Gorkha,
Dailekh, Pyuthan, Darchula, Dolpa, Baitadi, Salyan, Manang,
Bajura, Kalikot, Jajarkot, Jumla, Bajhang, Ramechhap

High: Makawanpur, Lamjung, Dhankuta, Terhathum,
Nuwakot, Western Rukum, Solukhumbu, Tanahu, Udayapur,
Syangja, Surkhet, Achham, Arghakhanchi, Palpa, Bhojpur,
Sindhuli, Mustang, Doti, Eastern Rukum, Khotang,
Okhaldhunga, Taplejung, Mahottari, Gulmi, Dadeldhura, llam

Low: Kapilbastu, Sunsari, Rautahat, Bardiya,
Lalitpur, Bhaktapur, Banke, Rupandehi, Bara,
Chitawan, Dhanusha, Kanchanpur, Jhapa,
Parsa, Saptari
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Projected risks of climate change impact in the medium-term (2030) and long-term scenarios (2050)

Table 26 illustrates the scenarios of the extreme climate events in medium-term and long-term
duration under RCP 4.5 and 8.5 scenarios. The hazards are likely to increase in all scenarios
consequently increasing overall risk. Extreme wet days are projected to increase, referring to
the increase of floods, landslides, and all hazards triggered by heavy and continuous rainfall that
consequently increase the risk (despite the number of rainy days decreasing). Their impact is
reflected accordingly in the risk.

In RCP 8.5, cold days will increase, as well as cold nights, warm spells duration, and cold spells duration
by -75 percent, -74 percent, 244.8 percent, -73.3 percent respectively. Very wet days and extreme wet
days will increase by 18.6 percent and 59.8 percent respectively. Meanwhile, dry days such as CDD, and
CWD will decrease slightly in the long term. While considering the medium-term duration cold spell
duration index will decrease by -55.8 percent, -54 percent, 157.4 percent, -55.1 percent respectively. Very
wet days and extreme wet days are projected to increase by 12.1 percent and 28 percent respectively.

In RCP 4.5, cold days will increase, as well as cold nights, warm spell duration, and cold spell duration
by -52.6 percent, -53.6 percent, 149 percent, -63.3 percent respectively. Very wet days and extreme wet
days are projected to increase by 12 percent and 41.3 percent respectively. Dry days such as CDD, and
CWD wiill decrease slightly in the long term. While considering the medium-term duration cold spell
duration index will decrease by -42 percent, -40.7 percent, 110 percent, -515.8 percent respectively. Very
wet days and extreme wet days are projected to increase by 1.5 percent and 26.3 percent respectively.

Percentage change in extreme climatic conditions in the medium-term and long-term periods
under RCP 4.5 and 8.5

No. of mean RCP4.5 RCP8.5

Indices annual days in the Medium-term Long-term Medium-term Long-term

reference period % Days % Days % Days % Days
P95 18.1 1.5 0.3 12 22 12.1 2.2 18.6 34
P99 Si5) 26.3 0.9 41.3 1.4 28 10 59.8 2.1
Rainy days 166.4 -1.8 -3 -1 -1.7 -0.9 -1.6 -0.5 -0.8
CDD 45.3 6 2.7 2.4 1.1 -1.6 -0.7 -2.9 -13
CWD 78.1 -4.2 -3.3 -1.3 -1 3.1 25 22 1.7
Warm days 36.5 64.5 239 87.3 323 71.4 26.4 124.7 46.1
Warm nights 36.5 81.4 30.5 115.7 43.3 101 37.8 159.2 59.6
Cold days 36.5 -42 -15.4 -52.6 -19.3 -55.8 -20.5 =7k -21.5
Cold nights 36.5 -40.7 -15 -53.5 -19.7 -54.1 -19.9 -14 -21.3
Warm spell duration index 17.6 110 19.3 149 26.2 157.4 27.6 244.8 43
Cold spell duration index 20.3 -51.8 -10.5 -63.9 -12.9 -55.1 -11.2 -73.3 -14.8

Source: MoFE, 2019

Projected risks of climate change impact in 2030 with projected increases of temperature by 0.9-
1.1 degrees Celsius (°C)

Under RCP 4.5 in 2030, a total of 15 districts fall in the very high-risk category while 17 districts fall
in the high-risk category. Except for some exceptions under RCP 4.5, almost all districts in the Tarai,
mid-hills, and mountains fall under high-very high risks. Likewise, under RCP 8.5 in 2030, a total of 19
districts fall in the very high-risk category while 17 districts fall in the high-risk category. Most districts in
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Province one, Province two, Bagmati Province, Gandaki Province, and Lumbini Province fall in a high-
risk category under both RCP scenarios. Relatively the Karnali Province and Sudurpaschim Province
seems to be at low risk under both scenarios in 2030. The majority of the southern districts of Province
two and Province one are likely to experience a high risk of climate change (Figure 57, and Table 27).
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Figure 57: Risk Scenarios a) RCP 4.5 2030; b) RCP 8.5 2030

In urban municipalities, the findings show that, the risk level for Bhanu and Byas in Gandaki
Province and Sitganga in Lumbini Province increased from high to very high-risk under RCP (4.5,
8.5) in 2030. In RCP 4.5 2030, the number of very high-risk municipalities climbed from two in the
baseline to six, while the risk level in the high-risk category increased from 44 in the baseline to
80. The primary explanation for this is the likelihood of an increase in climate extreme events,
such as temperature rises. Other socio-economic factors like governmental policies influence the
likelihood of risk, as they shape the sensitivity and vulnerability of those municipalities.
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Figure 58: Risk scenarios of urban municipalities in 2030 under a) RCP 4.5; b) RCP 8.5
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Figure 59: Risk scenarios of Rural Municipalities in 2030 a) RCP 4.5, b) RCP 8.5

Table 27: Risk Scenarios under RCP 4.5 and 8.5 (2030)

Risk Rank District (RCP 4.5 2030) District (RCP 8.5 2030)

Verv High Dhading, Makawanpur, Sindhupalchok, Gorkha, ~ Dhading, Makawanpur, Sindhupalchok, Gorkha,

(Moyre tﬁan 0.583) Tanahu, Kavrepalanchok, Sindhuli, Morang, Tanahu, Kavrepalanchok, Pyuthan, Kailali, Sindhuli,

' Dang, Jhapa Morang, Chitawan, Dang, Jhapa, Mahottari, Saptari

Kapilbastu, Sunsari, Dolakha, Nuwakot, Kapilbastu, Sunsari, Dolakha, Nuwakot,

High Sankhuwasabha, Baglung, Udayapur, Pyuthan, Sankhuwasabha, Baglung, Udayapur, Surkhet,

(0.468 - 0.583) Kailali, Siraha, Palpa, Chitawan, Kaski, Taplejung, Siraha, Palpa, Dhanusha, Nawalpur, Kaski, Sarlahi,
Sarlahi, Mahottari, Gulmi, Saptari, llam Gulmi, llam

Rolpa, Myagdi, Rautahat, Bardiya, Solukhumbu,
Dailekh, Syangja, Banke, Surkhet, Arghakhanchi,
Rupandehi, Bhojpur, Khotang, Dhanusha,
Nawalpur, Panchthar, Bajhang, Parsa,

Rolpa, Myagdi, Lamjung, Rautahat, Bardiya,
Solukhumbu, Dailekh, Syangja, Banke, Arghakhanchi,
Rupandehi, Bara, Khotang, Taplejung, Panchthar,
Bajhang, Parsa, Ramechhap

Moderate
(0.358 - 0.467)

Ramechhap

Rasuwa, Lamjung, Dhankuta, Lalitpur, Parbat, Rasuwa, Dhankuta, Lalitpur, Parbat, Darchula, Dolpa,
Low Darchula, Dolpa, Achham, Baitadi, Salyan, Achham, Baitadi, Bhojpur, Salyan, Mustang, Doti,
(0.252 - 0.357) Bara, Doti, Kanchanpur, Jajarkot, Jumla, Parasi,  Kanchanpur, Jajarkot, Jumla, Parasi, Kathmandu,

Kathmandu Dadeldhura
Very Low Humla, Mugu, Terhathum, Western Rukum, Humla, Mugu, Terhathum, Western Rukum,
(Le!s than 0.252) Bhaktapur, Mustang, Manang, Eastern Rukum, Bhaktapur, Manang, Eastern Rukum, Okhaldhunga,

' Okhaldhunga, Bajura, Kalikot, Dadeldhura Bajura, Kalikot

In 2030, under RCP 8.5, the number of very high-risk municipalities climbed from 2 in the baseline
to 5, while the risk level in the high-risk category increased from 44 in the baseline to 69 (Figure
58). The potential reason for this is the compounding likely impact of climate extreme events,
specifically the potential for flooding due to intense and heavy rainfall, an increase in heatwaves
and cold waves, and so on (Figure 59).

Projected risks of climate change impact in the long term (2050) with a projected increase of
temperature by 1.3-1.8 °C

More districts and Provinces will be at high risk under both scenarios in 2050. Under RCP 4.5 in 2050,
a total of 19 districts fall in the very high risk category while 21 districts fall in the high-risk category.
Meanwhile, 33 districts fall in the very high risk category, and 16 districts in the high risk category.
Additionally, 12 districts were added in the high-risk category in RCP 8.5 compared to RCP 4.5. Most of
the districts of Province one, Province two, Bagmati Province, Gandaki Province, and Lumbini Province
will have high to a very high degree of risks. Compared to the medium term (2030), the climate risk will
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increase in the long term (2050) in Lumbini Province, Karnali Province, and Sudurpaschim Province.
Largely climate extreme events are projected to increase rapidly in 2030 and 2050 which will have an
overall impact on the status of risk in the Provinces. However, the vulnerability might change in the
future due to demographic, socio-economic, and ecological changes which might contribute to either
increased or decreased risks in the districts and Provinces. Looking at the current trends, it might be
unlikely that changes will be positive (Figure 60 and Table 28).

Figure 60: Risk of climate change impact Scenarios a) RCP 4.5 2050; b) RCP 8.5 2050

Table 28: Risk Scenarios index in RCP 4.5 and RCP 8.5 (2050)

Risk Rank District (RCP 4.5, 2050) District (RCP 8.5, 2050)
Dhading, Makawanpur, Kapilbastu, Sunsari,
: Dhading, Makawanpur, Dolakha, Nuwakot, D.olakha, Nuwakot, Sankhuwasabha, Baglung,
Very High . Sindhupalchok, Gorkha, Tanahu, Kavrepalanchok,
Sankhuwasabha, Baglung, Sindhupalchok, Gorkha, - .
(More than S . Udayapur, Pyuthan, Kailali, Surkhet, Siraha,
Tanahu, Kavrepalanchok, Pyuthan, Kailali, Sindhuli, . . .
0.583) Morana. Chitawan. Dana. Kaski Jhana. Mahottari Palpa, Sindhuli, Morang, Chitawan, Dhanusha,
& SR FEE Dang, Kaski, Taplejung, Jhapa, Sarlahi, Mahottari,
Bajhang, Gulmi, Ramechhap, Saptari, llam
Rolpa, Kapilbastu, Sunsari, Bardiya, Solukhumbu, Rolpa, Myagdi, Lamjung, Rautahat, Bardiya,
High Dailekh, Udayapur, Syangja, Surkhet, Siraha, Solukhumbu, Dailekh, Syangja, Arghakhanchi,

(0.468 - 0.583)

Moderate
(0.358 - 0.467)

Rupandehi, Palpa, Dhanusha, Nawalpur, Taplejung,
Sarlahi, Bajhang, Gulmi, Ramechhap, Saptari, llam
Myagdi, Lamjung, Rautahat, Lalitpur, Darchula,
Banke, Arghakhanchi, Baitadi, Bhojpur, Salyan,
Mustang, Bara, Doti, Khotang, Panchthar, Parasi,

Baitadi, Rupandehi, Bhojpur, Khotang, Nawalpur,
Panchthar, Parsa

Rasuwa, Dhankuta, Lalitpur, Parbat, Darchula,
Banke, Dolpa, Achham, Salyan, Mustang, Bara,
Doti, Kanchanpur, Jajarkot, Jumla, Parasi,

Parsa, Kathmandu Kathmandu
Humla, Mugu, Rasuwa, Dhankuta, Western

Low Rukum, Parbat, Dolpa, Achham, Eastern Rukum,

(0.252 - 0.357) Okhaldhunga, Bajura, Kalikot, Kanchanpur, Jajarkot,

Jumla, Dadeldhura

Humla, Mugu, Terhathum, Western Rukum,
Bhaktapur, Eastern Rukum, Okhaldhunga, Bajura,
Kalikot, Dadeldhura

Very Low

(Less than 0.251) Terhathum, Bhaktapur, Manang

Manang

There is a sectoral assessment that shows similar trends. For example, in the agriculture sector
under RCP 4.5 and RCP 8.5 emissions pathways scenarios, the districts with the very high-risk
category will likely increase under both scenarios in 2030 and 2050. The risk of climate change is
higher in Lumbini Province, Gandaki Province, Bagmati Province, Province two, and Province one
(Figure 61). The risk will change modestly under RCP 4.5 in 2050 compared to 2030. This is mostly
influenced by precipitation and temperature-related climate extreme events. A similar trend is also
observed in other sectors (Table 29).
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Figure 61: Risk of climate change impact in Agriculture and
food security sector under RCP 4.5 in 2030 and 2050

Table 29: Risk of Climate Change Impact in the sectors

Sectors
Forestry,
Biodiversity,
and Watershed

GESI,
Livelihood, and
Governance

Health

WASH

Transport,
Industry,

and Physical
Infrastructure

Tourism,
Natural and
Cultural
Heritage

Water
Resources and
Energy

Risk of climate change impact

Under two RCPs 4.5 and 8.5 for 2030 and 2050, there will be a unidirectional shift of climate risk towards

the higher level in the future in all scales — district, physiographic regions, and provinces. High and middle
mountain regions and districts of these regions are expected to experience a very high risk of climate
change impact. Such shifts towards higher risk levels will also occur in the Chure and Siwalik (from
moderate to very high) and Hill region (low to moderate).

Nine districts fall into the very high-risk category. These include only one district from Province one
(Morang); six districts from Province two (Saptari, Siraha, Dhanusha, Mahottari, Sarlahi and Bara, Saptari,
Siraha, Dhanusha, Mahottari, Sarlahi, and Bara); one from Lumbini (Dang); and one from Sudhurpaschim
Province (Kailali). All the districts ranked in the high risks category are from the Tarai region of Nepal.
Sunsari, Dhankuta, Terhathum, Sankhuwasabha, Tanahu, Parbat, Syangja, Morang, Taplejung, Panchthar, Jhapa,
and llam districts will have a very high risk of climate change impact in the health sector.

In both 2030 and 2050, under RCP 4.5, most of the Terai districts, the majority of the Siwalik, and some hilly
districts will be at risk from the impact of climate change. Among the provinces, Province two will be at
very high risk due to several reasons. In the case of RCP 8.5 2050, districts like Bajura, Humla, Dolpa, and
Mustang are expected to move from low to moderate risk in RCP 8.5, 2030.

In the medium-term period, under RCP 4.5, the risk of climate change impact will be high to very high mostly in
Bagmati Province (except Bhaktapur, Rasuwa, and Ramechhap). Whereas, in the long-term period, the risk is
likely to increase in the additional districts in Lumbini and Province one. In the medium-term period for RCP8.5,
the risk scenario is observed similar to RCP4.5-2030. Besides, in the long-term period of RCP 8.5, more districts
(except Ramechhap) in Bagmati Province fall in high to very high risk. Besides, three districts fall in very high
riks and the remaining five districts in high risk category in Province two followed by Lumbini Province having a
high to moderate level of projected risk.

In the case of cultural heritage, the risk of climate change impact will be very high to high in Bagmati
Province and Gandaki Province in the medium term (2030) RCP scenarios. In 2050, under both the RCPs,
besides Bagmati Province and Gandaki Province, parts of Province One, and Sudurpaschim Province will
have a high risk from climate change impacts. Besides, under both the scenarios in 2030 and 2050, the
majority of the protected areas located in the Provinces will be at high risk from climate change impacts.
Energy: The Risk of climate change impact under both the scenarios in 2030 will be high to very high in the
majority of the districts of Bagmati Province and Gandaki Province. Whereas, few districts in Province one, and
Sudurpaschim Province will experience high risk of climate change impact in the same period. The Risk of climate
change impact in 2050, under both scenarios, will be very high to high in most of the districts of Gandaki Province
and Bagmati Province. The risk will also high to Province one and Lumbini Province and Sudurpaschim Province.
Water resources: Most of the districts in Bagmati Province and Gandaki Province will have a very high risk of
climate change impact in 2030 under both scenarios. In 2050, under RCP 8.5, some districts of Bagmati Province,
Gandaki Province, Karnali Province, and Province one will have a very high risk of climate change impact.
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According to the results of the municipal level assessment, Nilakantha from Bagmati Province
has switched from high to very high-risk status in RCP 4.5 (2050). Furthermore, under RCP
4.5 in 2050, Jitpur Simara in Province Two, Sworgadwary and Rajapur in Lumbini Province,
and Patan in Sudurpaschim Province have gone from moderate to high risk as compared
to RCP 4.5 in 2030. In 2050, under RCP 8.5, Rupakot Majhuwagadhi from Province one,
Janakpur from Province two, Nilkantha from Bagmati Province, and Kushma from Gandaki
Province shifted from high to very high rank in comparison to RCP 8.5 in 2030. Furthermore,
Sunwarshi, Bhojpur, and Chaudandigadhi from Province one; Jitpur Simara from Province two;
Chandragiri, Ramechhap, Rapti and Ratnanagar from Bagmati; Sundarbajar, Shuklagandaki,
and Madhyabindu from Gandaki Province; Buddhavumi, Bhumekasthan, Pyuthan and Rajapur
from Lumbini Province, Sharada and Gurbhakot from Karnali Province and Parashuram and
Patan from Sudurpaschim Province have shifted from moderate risk to high risk as compared
to RCP 8.5 in 2030 (Figure 62b). Besides, the risk of climate extreme events is higher in rural
municipalities spreading all the Provinces. It is interesting to note that in 2050, under both the
RCP scenarios, the risks from climate extreme events are increasing and also evident in the
mountain rural municipalities of Province one, and Bagmati Province (Figure 63).
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Figure 62: Risk of Urban municipalities in 2050 a) RCP 4.5; b) RCP 8.5

Based on the geographic positions of municipalities and the existence of hazards, there are
compounding and contextual impacts on climate severe events. Increases in temperature and
precipitation, for example, could cause landslides in hilly municipalities, while flooding and heat
and cold waves are more likely in Tarai municipalities. In addition, both hilly and Tarai municipalities
are likely to see a rise in fires and epidemics.
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Figure 63: Risk of Rural Municipalities in 2050 a) RCP 4.5, b) RCP 8.5
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Uncertainties and variation in risks projection

Agriculture, water, energy, biodiversity, health, urban planning, and livelihoods are all expected to be
impacted by the risk scenarios. However, there are some unknowns. A higher level of uncertainties
exists in the models. Furthermore, socioeconomic scenarios govern the risk of climate change's
impact in the future. As a result, the findings of this assessment should be regarded as indicative
rather than absolute. Having said that, the study's preliminary findings capture a wide range of future
climate variability and are extremely useful in assisting policymakers in developing appropriate
strategies for reducing the risk and vulnerability for the years to come. In other words, underlying
uncertainties should always be considered while designing risk reduction measures.
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Chapter 7

Adaptation Options

Adaptation means reducing impact, risk, and vulnerability, looking for opportunities
and strengthening the capacity to adapt and enforce policies on climate change
in nations, regions, towns, the private sector, communities, individuals, and
natural systems (Tompkins et al., 2010). The option of adaptation consists of
various activities divided into three main categories: structural/physical, social,
and institutional.

Types of adaptation options

Types Categories

Agriculture, forestry, water resources and energy, health and sanitation,
Sectoral .

urban and rural, transport, tourism, GESI, etc.
Physiographic High mountains, Middle mountains, Hills, Chure/Siwalik, and Tarai
Administrative Local (753), District (77), Province (7), National
Time scale- priority Short term (1-5 years), Medium-term (10 years), Long term (more than 10 years)

Structural, institutional, policy, etc.
Soft measures (policy, capacity); Hard measures (technology,
infrastructures)

Types of measures or
interventions

. . Interventions targeted Drought, Forest Fire, Flood, Landslide, Heat and Cold
Against hazard and risks .
waves, Avalanches, GLOFs, Snowstorms, Epidemics, etc.
The technical guidelines for the NAP outline adaptation options such as
management and operations strategies, infrastructure changes, policy changes,
and capacity building. There are numerous ways to categorize the range of
available adaptation options (Burton, 1996), so any categorization is unlikely to
be universally agreed upon, but this aims to take into account the diversity of
adaptation options for different sectors and stakeholders. National, sectoral, or
local adaptation plans may include a variety of measures that are implemented
concurrently in various categories, such as structural, institutional, and social
options (Table 30 and Figure 64).
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However, itisimportantto note that adaptation is a place and context-specific process, with no single
approach torisk reduction that is applicable in all settings. Adaptation planning and implementation
can be improved by combining efforts at all levels, from individuals to governments. The first step
in preparing for future climate change is to reduce vulnerability and exposure to current climate
variability (IPCC, 2014).
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Figure 64: Adaptive Management'

Adaptation options in this assessment were identified based on experts' views, literature review,
and consultations with key stakeholders. To make this process more participatory and inclusive,
consultations were held with provincial and local stakeholders. Similarly, to make adaptation
options more relevant to present and future context, short-term, medium-term, and long-term
actions are proposed. Table 31 below suggests an indicative list of adaptation options relevant
in different sectors to address specific risks and vulnerabilities. However, each measure applies
differently to all physiographic regions, provinces, districts, municipalities, and even communities
in the context of change in climatic variation across the region.

18  https//en.wikipedia.org/wiki/Climate_change_and_ecosystems

* Yulnerability and Risk Assessment and Identifying Adaptation Options | 96
[

o ‘@



Adaptation Options in the sectors

Sector and major Risks Adaptation Options
and vulnerabilities
Short-term (2025) Mid-term (2030) Long-term (2050)
Agriculture and Food Promote climate-resilient Promote participatory Conserve agriculture practices
Security farming practices such as Crop Improvement (PCI): (e.g., cover crop, mixed
organic farming, bio-pesticides Participatory Plant Breeding cropping, crop rotation,
Risks and vulnerabilities: and organic manure, (PPB), Participatory Variety mulching, legume integration)
integrated pest management,  Selection (PVS), Grassroots to preserve water moisture
Risk of the declining and integrated nutrient Introduce breeding with the in the soil and increase
crop, fisheries, and management inclusion of local varieties as  agricultural productivity
livestock production; Land a parent
degradation issues, and Promote Climate-Smart
Outbreak of pests and Practices such as micro-
diseases; irrigation, conservation

farming practices, home
Risk of reduced agricultural gardening, etc.

productivity of those Introduce short-duration and ~ Promote planting climate- Promote new crops, varieties,
dependenton rainfed or  yroyght-tolerant crops and resilient and genetically diverse and seeds/seedlings along
irrigated agriculture, or varieties to avoid drought local crops and varieties with short-duration crops to
high-yield varieties, and during maturity time including Neglected and avoid weather-related damage
inland fisheries; Underutilized Species (NUS)

Risk of food insecurity and Develop cIimate'resiIient Prompte climate-smart Promote and scale up
T strategy and action plan for the practices such as early warning systems,

livestock and fisheries sector  improvements in the cultivation weather indexed insurance,
of specific fodder crops, feed  agroforestry practices
processing as well as manure
and pasture management

smallholder farmers;

Risk of irreversible harm
due to short recovery time

between droughts, Promote culture-based Improve farm siting and Promote efficient water
approaching a tipping fisheries for climate resilience design; individual/cluster management, feeds, handling;
point in insurance; use indigenous selective breeding/genetic
rainfed farming system; Ensure better forecasting, or non-reproducing stocks improvements; adjust harvest
information; change or improve to minimize climate change and market schedules
Risk of higher weather processes and technologies impacts
uncertainties leading to Adopt agriculture/crop Promote ICT-based agro- Promote seed cleaning, drying,
stress and burden for calendar based on projected  advisory services and storing machine for proper
farmers. climate change trend and seed management to keep the
scenario Promote Climate field school in viability
all the 753 Palikas
Promote weather Index-based Establish a mechanism to Ensure financial scheme and
crop insurance to compensate credit from micro-finance policy instrument to promote
for the loss caused by extreme institution and cooperatives to  sustainable agriculture
weather events and climate invest in profitable agricultural
hazards activities

Promote Agro-meteorological
forecasting targeting the
smallholder and marginalized

farmers

Invest in women and Promote joint land ownership  Invest in agro-enterprise and
farmer's empowerment to to increase women's decision- entrepreneurship targeting
increase access to financial making and access to credit women and girls.

resources for the promotion of for investment in agriculture.
sustainable farming.

Assess the loss and damage Engage private sector Develop a long-term strategy
in the agriculture sector and engagement in collaborative of NARC on climate change
devise a strategy to mitigate it. ~ research and technology research and development and

innovations on climate change ensure the implementation of
Develop climate change the strategy

thresholds of major food crops
including some vegetation and
fruits
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Forests, Biodiversity, and
Watershed Management

Maijor risks and

vulnerabilities:

Vegetation shift,

Habitat degradation,
Phenological changes,
and Outbreak of pests and
diseases;

Risk Reduction of
biodiversity and potential
losses of important
ecosystem services;

Risk of loss of endemic
species, mixing of
ecosystem types, and
increased dominance of
invasive organisms;

Risk of production losses
both quality and quantity;

Risk of increasing loss and
damage from fire, flood,

and landslides; declining of
species due to temperature

rise in higher altitudes;
degradation and drying of
wetlands;

Risk of loss of plant, animal

species due to flood,

landslide, and other climate

hazards;

Riks of GHG emissions
due to increased rate of
forest degradation and
deforestation in some
areas.

Promote agroforestry in private
and public lands to reduce
land degradation, forest
dependency and enhance
biological corridors

Promote a comprehensive

and hierarchical approach

to watershed conservation
(Basin, sub-basin, watersheds,
sub-watersheds, and micro-
watersheds)

Implement integrated river
basin management strategy
and ensure integration of
climate change

Rehabilitate and restore
degraded forests and
watersheds — through both
protective and conservation
measures and acceleration of
natural recovery

Train and mobilize the Rapid
Flood Rescue Team and equip
them with skills and an Early
Warning System

Carry out inventory and survey
of dynamics of IAPS, plant
pathogens/diseases/pests to
understand and document

the biological process and
infestation pattern

Establish sustainable financing
for long-term ecological
research and studies to review
vulnerability and risk thereby
identify adaptive options

Develop strategies to build

the resilience of key flagship
faunal species impacted by
climate change and ensure the
implementation of resilence
plan

Diversify forests and non-
forest-based income sources
(off-farm income activities)
targeted to women, IPs, and
vulnerable groups to reduce
pressure on forests and
protected area

Develop REDD Implementation
Cenre as centre of excellence
on mitigation and carbon
trading

Reforest short-rotational and
fast-growing tree species to
improve fire resilience and

resist potential disturbances

Regulate water recycling,
utilization, reuse, enhance
multiple uses of water, stabilize
land slopes and regulate water
flows

Promote landscape
connectivity (biological
corridor) through
mainstreaming the biodiversity
conservation roles of
community-based forest
groups

Enhance the capacity and
facilities of community-based
forest-user groups to integrate
biodiversity conservation and
climate change adaptation
activities into their operational
plans; as required by the
National Conservation Strategy
and the Climate Initiative

Establish a national IAPS
Information Centre to maintain
a database and to facilitate the
cross-sharing about the IAPS
management practices

Strengthen provision and
practice of biodiversity
monitoring in community-
based forest groups and
formulate comprehensive
watershed management policy

Integrate biodiversity
conservation initiative with the
improvement of local livelihood
to generate synergies between
Ecosystem-Based Adaptation,
Biodiversity Conservation, and
Livelihood Improvement

Establish a climate change
research unit within the FRTC
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Scale-up ecosystem-based
adaptation approaches,
particularly in high forest

and biodiversity dependent
communities (possibly in mid-
hills and mid-mountains)

Strengthen sustainable
management of upland
resources (wetlands,
rangelands, pasturelands, and
watersheds) and floodplains
for maintenance of regular and
efficient water flows

Set up efficient institutional
mechanism and strengthen the
basin management offices

Promote habitat restoration
and rehabilitation interventions
to allow multiple habitats for
several wild animals thereby
maintaining biodiversity

Scale-up LAPA and CAPA
initiatives across the country
through local institutions

such as forestry groups,
women's groups, youth groups,
and conservation groups

in coordination with local
government

Promote systematic research
on the socio-economic
impact of IAPS to harness the
beneficial impact of IAPS on
local livelihoods

Integrate adaptation initiatives
with climate change mitigation
objective to fulfill the spirit

of National Climate Change
Policy, National REDD+
Strategy, and National Forest
Policy)

Integrate transhumance
system and customary forest
management practices

Develop participatory river-basin-
level watersheds conservation by
engaging upstream-downstream
communities

Ensure that new forest survey
and biodiversity mapping
include the assessment

of climate change risks,
vulnerabilities, and threats



Health

Major Risks and
Vulnerabilities:

Risk of a larger burden of
disease and increased food
insecurity for particular
Population groups;

Increasing the risk that
progress in reducing
mortality and morbidity
from undernutrition may
slow or reverse;

Increasing health risks

due to changing spatial
and temporal distribution
of diseases strains

public health systems,
especially if this occurs in
combination with economic
downturn

Water and Sanitation
Risks and vulnerabilities:

Risk that the progress to
date in reducing childhood
deaths

from diarrheal disease is
compromised;

Risk of overload the
capacity of sewer systems
and water and wastewater
treatment plants more
often, and increased
occurrences of low flows
will lead to higher pollutant
concentrations;

Risk of failure of water and
sanitation infrastructure
due to climate change
leading to higher diarrhea
risk Children, pregnant
women, and those with
compromised health status

Launch program on the
expansion of Indoor Residual
Spraying (IRS) and distribution
of Long-lasting Insecticidal
nets (LLINs) in VBDs risk areas

Provide access to the regular
and safe drinking water supply
to all populations

Carry out studies looking at the
impacts of climate change on
the burden of heart disease

Build capacity of health sector
professions and other related
stakeholders on the health
impacts of climate change

Develop long-term strategy in
the Health sector to deal with
climate change in the context
of other existing diseases and
COVID-19

Map potential recharge and
alternative drinking water
sources while constructing
water supply schemes

Integrate climate-resilient
water and sanitation practices
in both rural and urban
contexts

Improve the capacity of
service providers and equip
them with new knowledge
and skills on climate resilient
health and sanitation system

Integrate climate change in the
WASH policy and plans as a
key adaptation strategy

Establish regular national
surveillance for disease
incidence and vector
populations

Implement technological
improvements such as
wastewater treatment, water
harvesting, and improved
sanitation

Promote early detection of
heart diseases within the
community

Establish Institutional linkage
and co-ordination to generate
evidence on climate change

Promote conservation
practices such as collecting
rainwater from the ground
surface, small reservoirs, and
micro-watersheds to increase
spring capacity

Endorse operation and
maintenance guideline of
water supply schemes

Promote raised pit latrines;
septic tanks; relocation of
latrines: small-scale biological
systems

Build capacity to strengthen
Integrated Water Resource
Management (IWRM)
practices

Promote the IVM technology
and biological control of
vectors

Facilitate the testing of water
quality in WBD and VBD in
high-risk areas

Carry out cardiovascular risk
reduction activities through
lifestyle and behavior and
environmental modification

Improve diseases surveillance
and forecasting system

Promote infiltration areas,
wetlands, ponds within the
community, and planting
activities to develop the
vegetative buffer

Develop a guideline for the
protection and conservation
of various water sources
and incentives for rainwater
harvesting as important
components of climate-
resilient WASH

Promote climate-resilient
technology, innovations, and
infrastructure: ‘pit latrines’,
‘low-flush septic systems’,
‘ecosan latrines” and ‘high-
volume septic tanks’

Improve access to climate
financing e.g. the Green
Climate Fund and other
sources
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Rural and Urban Settlement Increase operations and

Risks and Vulnerabilities

Risk of damage to
dwellings, businesses, and
public infrastructure.

Risk of loss of function and
services;

Risks from constraints
on urban water provision
services to people and
industry with human and
economic impacts;

Risk of damage and loss
to urban ecology and its
services including urban
and peri-urban agriculture;

Risk that rural settlements
experience will be the
major impacts on water
availability and supply, food
security, infrastructure,
and agricultural incomes,
including shifts in the
production areas of food
and non-food crops

Industry, Transport and
Physical Infrastructure

Risks and vulnerabilities:

Higher risk of damage to
infrastructure, industries,
and transport systems
due to increased climate
induced hazards;

Increased risks of
development failure
(haphazard road
construction) leading to
increase disasters;

Increased risk of economic
turmoil due to blockage of
roads and aviation.

maintenance for assessing the
condition of public assets and
social infrastructure

Ensure provision of insurance
system for physical properties
and livelihood recovery
mechanism against climate-
induced hazards for the
population at risk

Deploy a rapid response team,
empower the community,

and allocate resources for
emergency services at the
municipal level

Identify vulnerable areas of
climate-induced disaster
on industrial facilities and
prepare hazard maps of all
physiographic region

Promote the concepts of
circular economics and
industrial ecology to improve
resilience and sustainability

Develop and Implement

climate-proofing infrastructure

design practices including
slope protection in
Mountainous and hilly roads
(more than 300 of inclination)
to reduce the Landslide
vulnerability

Adjust safety factors in

codes and standards (or
other measures) to reflect
increasing uncertainties and
increased variability or range
of climate extremes in values
and growing risks for new
infrastructure under changing
climate conditions

Ensure the transition towards
carbon-neutral, mass-transit
systems and promote non-
motorized transport (Electric
vehicle, Cycling, and walking)

Develop climate-resilient
design guidelines for critical
infrastructure, improve the
security and resilience of new
infrastructure in high-risk
areas

Develop a system at the
municipal level to identify
and update the database
regularly to plan and regulate
the squatting of the area and
rehabilitate and relocate
displaced migrants

Design smart regulations for
infrastructure development
and land-use planning that
address climate risk at all local
levels

Develop a system for the timely
dissemination of short-term
weather predictions and
regular weather reports/
information flow mechanisms

Adopt Resource Efficient and
Cleaner Production (RECP)
approach in the industrial
sector

Establish a georeferenced
long-term database to enable
modelling and assessment
of road and physical
infrastructure projects

Demolish, replace or relocate
unsafe structures or abandon
high-risk locations in all
municipalities

Ensure cooperation amongst
the sectoral bodies responsible
for transport and mass-transit
systems along with federal,
Province, and Rural/municipal
administrations
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Increase access for vulnerable
urban and rural households
and populations to disaster
preparedness and response,
such as early warning, rescue
technology, knowledge and
skills

Revise building codes and
implement the building permit
system

Integrate data and ICT
networks and ensure

digital connectivity for all
communities to ensure easily
accessible, affordable, and
reliable information on weather
extremes and potential risk

Retrofit, modify the existing
scope of industries, physical
structure, and update the
industrial policy and standard
in light of the future climate
projection

Formulate and implement
appropriate policy and

plan for construction and
manufacturing industries
for consolidation of the low
carbon economy

Promote the use of Early
Warning Systems for readiness
to extreme weather events and
events related hazards

Develop certification standards
for climate-proofing transport
infrastructure and establishing
enforcement measures to
ensure compliance

Integrate climate-resilient
building practices into the
construction and maintenance
of key airports, national
highways, and connecting
roads



Water Resources and
Energy

Risks and Vulnerabilities:

Risk of water stress and
lower water availability
during the winter season;

Risk of damage to energy
infrastructure including
dams, hydropower, and
transmission lines;

Risk of drying of springs
in the hills and water
shortages in rural and
urban areas;

Risk of Glacial lake

outburst flood (GLOF) and
hydrological hazards.

Tourism Natural and
Cultural Heritage

Risks and Vulnerabilities:

Increased risk and socio-
economic losses due

to disruption on tourism
business;

High risks of loss and
damage (physical property
and infrastructures) due
to landslides, flood, GLOF,
fire, etc

Assess the current facilities
and storage options according
to the future water availability

Establish and strengthen
effective early warning
systems (coverage and risk
zoning) for the water and
climate-induced disaster

Carry out study and research
to understand the implications
of water variability during
different season and the loss
and damage due to climate-
induced disasters

Improve the existing system of
short-term weather forecast or
develop improved forecasting
methods for improved reservoir
and emergency operations

Launch participatory cascade
management programs

in the watersheds for the
efficient use of water, and

for the proper groundwater
recharging to maintain
constant flows of water in
water sources and springs

Promote water recharging
interventions upstream of
water sources

Develop guidelines to ensure
climate change is considered
of hydro plans, dams,
transmission lines, and other
infrastructures

Enhance municipal capacity
in renewable energy
development opportunities
Conduct periodic inventory

of flagship species including
that of tourist attractions in all
protected areas

Promote local and indigenous
culture, food, and products
(e.g. handicrafts) that directly
benefit local communities
Establish real-time early warning
information dissemination
mechanism and enforce GPS
tracking system, particularly to
mountaineers and trekkers so
that they can be well tracked in
case of emergency

Conduct education and awareness
programs on the impact of climate
change and possible adaptation
options targeting tourism value
chain actors

Identify and map critical
watersheds, spring-sheds, and
technological interventions to
restore the water resources

Expand hydrological and
meteorological network to
improve spatial coverage
(particular focus to more
station mountainous region
and watersheds) of hydro-
climatic information

Downscale the climate change
scenarios at the local and river
basin and watersheds level

Ensure land zoning laws in
benefit of the environment and
ecological protection

Implement a targeted program
to build the resilience of the
most vulnerable and impacted
groups such as women,

girls, poor, IPs, and others.
For example, reducing the
women's stress in water
fetching

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

site selection, promote flood
modeling, dam-break modeling,
for energy infrastructure,
effective permitting, licensing,
standards regulation regimes,
and enforcement

Promote the implementation of
the renewable energy program
at the municipal level
Implement conservation
financing in key tourism
destinations in coordination
with the private sector and
local government

Conserve cultural heritage
sites through community/
indigenous people
participation

Relocate existing tourism
facilities to low-risk areas; for
instance, relocation of hotels
and homestay from landslide-
prone area to a safer area

Allocate adequate, dedicated,
trained, and equipped human
resources for rescue at
strategic points of the tourism
destinations

Develop and implement
climate-resilient watershed
management plans for critical
river basin and watersheds
Integrate all the forms of the
water cycles in technological
interventions (surface and
groundwater, freshwater
storage as snow and glaciers,
water quantity and quality,
land use systems, soil class,
topography, ecosystems, etc.)

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

Promote landscape and
watershed management plan
and actions including controlling
mechanism of river mining

Develop and implement
strategy and action plan for
managing seasonal water
variability and scarcity in the
lean periods through better
management of existing water
flow during monsoon season
Identify the spots for a reservoir
in every river basin and
develop relevant infrastructure
to control the sediment and
regularize the river flows

Ensure appropriate incentive
mechanisms for attracting
private sector investment in
green growth

Explore alternatives for
maximizing the use of
renewable energy facilities
Translocate flagship wild
species to minimize the risk of
disaster

Reinforce/retrofit of physical
structures in the cultural
heritage sites

Establish a reliable weather
information system targeting
major tourism destinations,
particularly for mountaineering
and trekking

Increase private sector’s
investment in the development
of climate-resilient tourism
infrastructures with incentive
measures
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Socio-Economic including
GESI, Livelihood, and
Governance

Risks and vulnerabilities:
Increased workload and

other stresses for women
headed households;

Risk of irreversible
harm due to short time
for recovery between
droughts, approaching
tipping point in rainfed
farming system and/or
pastoralism;

Risks that Hazard
combined with vulnerability
to shift populations from
transient to chronic
poverty due to persistent
and irreversible socio-
economic and political
marginalization;

Risk of loss of rural
livelihoods, severe
economic losses in
agriculture, and damage to
cultural values and identity;
mental health impacts;

Risk of increased morbidity
and mortality due to

heat stress, among male
and female workers,
children, and the elderly,
limited protection due

to socioeconomic
discrimination and
inadequate responses;

Risk of domestic violation
and other forms of
discrimination during the
time of disasters.

Cross-cutting areas
(Enabling environment
for adaptations options to
function effectively)

Roll out of GESI and climate
change strategy and action
plan mostly implementing it.

Ensure meaningful
representation of women,
Indigenous Peoples, and youth
in a leadership role in climate
adaptation planning and
implementation

Build women'’s capacity for
effective participation in key
policymaking positions at all
levels

Promote climate change
knowledge/information on
differential impacts and
adaptation measures through
the formal and informal
education system

Improve equitable access to
safe and affordable drinking
water, sanitation, and hygiene
for women and marginalized
populations including slum
dwellers, Indigenous Peoples,
and other vulnerable groups

Build capacity of women and
marginalized on climate-smart
technologies for production,
commercialization (e.g. food
processing) to enhance the
livelihood of women and
marginalized groups based

on local/cultural specificity to
reduce the drudgery and time
poverty

Increase women's, Indigenous
Peoples, and farmers access
to financial resources to
increase their participation in
the economy

Supportin rolling out climate
change policy, strategy, and
action plans particularly
targeting the province and
local government

Develop communication
strategy in terms of rolling out
climate change agenda at the
local level

Strengthen the knowledge
management and climate
change database system in
MoFE or DHM

Develop GoN capacity on
international negotiations,
communications, and reporting
and ensure that process is
inclusive

Integrate GESI and CC strategy
and action plan in the province
and local governments

Devise affirmative measures
for gender equality and
empowerment of women by
challenging discriminatory
norms, values, and practices
that intensify vulnerability

Ensure GESI responsive
livelihood planning and
adequate institutional and
financial provisions in CCA/DRR
multi-sectoral plans, policies,
strategies, and budgets

Promote livelihood
diversification (farm/non-farm)
for women/youth, IPs, and
vulnerable populations through
increased access to skills and
formal markets to bridge the
gap between production and
productivity

Integrate distinctive
knowledge of women and
indigenous groups into
programs or policies to
strengthen climate resilience
and facilitate the process of
building their ‘agency’ through
GESI responsive climate
measures and actions

Invest in adaptive social
protection to reach economic

and socially vulnerable groups,

such as single mothers,
children, and persons with
disabilities

Support in developing loss and
damage strategy and action
plan and operationalize it

Support local and provincial
governments to develop legal
and institutional mechanism to
manage climate financing

Strengthen the climate change
integration within the federal
ministries by building the
capacity of the climate change
unit or focal sections
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Help local governments
champion GESI and climate
change agenda.

Establish a mechanism for
multi-sectoral coordination and
integration of climate change
adaptation commitments in
sectoral development plans at
levels

Integrate GESI in multi-sectoral
plans, policies, strategies, and
budgets

Implement sectoral priorities
identified in cc policies through
participatory, transparent, and
gender and socially inclusive
approaches

Promote public-private
partnerships to create
opportunities for nature-
based solutions and decent
employment in the formal
sector, with a focus on women
and marginalized communities

Enhance technical and
institutional capacity on
climate change at local

and provincial levels i.e.
build farmers, IPs, youths,
and women'’s capacity for
effective participation in key
policymaking positions

Integrate social and structural
priorities (poverty, inequality,
food security, employment, etc.)
in climate change adaptation
planning using a holistic and
integrated approach

Help government (MoF,
MoFE), AEPC, NTNC, and
other Accredited entities
and stakeholders to access,
mobilize climate financing.

Help government
operationalize climate change
research centre as per
climate change policy 2019 for
strengthening the research
and development



This study further identified adaptation options that apply to all sectors. The majority of these are
related to the need to increase investments in studies and research on the impact of climate change
on major socio-economic sectors; monitoring the changes and impacts, and communicating
regularly to inform policy decisions. In addition, options include improving data generation,
forecasting, modeling, and other assessment methods. Besides, adaptation options include
tracking the effectiveness of adaptation interventions.

Adaptation options can also be tailored to address specific contextual hazard risks and
vulnerabilities. According to Table 14, the prevalence of hazards and vulnerable hotspots differ
across Provinces. GLOF, for example, is a one-of-a-kind hazard in Province one. Avalanche is a
major threat in Gandaki Province. Similarly, floods are a major threat to the Tarai districts and
Province two, whereas landslides are a concern in almost all Provinces except Province two. In
addition, fires and epidemics are common in all Provinces. According to the analysis, hailstorms
are a major problem in Province two and Gandaki Province. Furthermore, thunderbolt is a problem
in the Gandaki Province, Bagmati Province, and Karnali Province. Adaptation options, therefore,
need to be tailored based on the specific hazards and the need of the local actors and communities.
Some general adaptation options are presented in Table 32.

Adaptation options to address specific climate-induced hazards risk and vulnerability

Adaptation Options (Medium Term 1-10 years) Adaptation Options (Long Term 1-30 years)

Engineered and built environment: Engineered and built environment:

e  Pursue structural measures to lower the lake e  Pursue the structural measures for flood
level for reducing the glacial lakes outburst risk and landslide risk reduction (embankment,
of the potential hazardous glacial lakes reservoir, check-dam, slope stabilization,

e  Construct water conservation/ flood retention geometry modification, surface erosion control,
ponds, the rainwater harvesting system improved drainage, etc.)

e Construct flood-resistant food and seed storage ¢  Construct urban drainage system to overcome
facilities the issues of flash flooding in the urban areas

Technological: Technological:

e Develop and operate forecasting and early e Enhance lead time and accuracy of forecasting
warning systems for major hazards like and warning system for major hazards
flood, GLOF, landslide, drought, thunderbolt, e  Pursue the principle of green development and
windstorm, heatwave, cold wave, fire, wildfire, “build back better” in reconstruction
and epidemic

Ecosystem-based: Ecosystem-based:

e  Promote the local resource-based green e Promote watershed protection, and restoration
infrastructure of floodplain for flood and landslide risk

e  Promote bio-dykes reduction

Services: Services:

e Link social security programs to climate and e Linkinsurance services to climate risk sharing
disaster resilience e Enhance emergency medical services at the

e Enhance emergency medical services at the local level
Province level e Develop effective search and rescue, relief, and

e Develop effective search and rescue, relief, and rehabilitation system at the local level
rehabilitation system at the Province level

Educational: Educational:

e Conduct training and capacity development e Develop human and technical capacity on
program for stakeholders, professionals, and weather and climatic hazards forecasting
vulnerable communities on climate and disaster ® Conduct research on climatic hazards
risk management forecasting models

Vulnerability and Risk Assessment and ldentifying Adaptation Options ‘
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Informational:

e Establish a robust database to document and
monitor climate-induced hazards, losses, and
damages overtime at the Province level

e Develop and operationalize geographic
information system based Climate Risk
Information Management System

Behavioural:
e Promote indigenous knowledge and practices
in climate risk management

Financial:

e Develop and promote alternative and
innovative financial instruments, such as
forecast-based financing, micro-investment,
microcredit, insurance, reinsurance, etc.

e Promote microfinance, interest-free loan,
conditional cash transfer, etc. for climate-
induced disaster-affected individual and
community

Laws and Regulation:

e  Prepare and implement the Climate and
Disaster Risk Sensitive Land Use Plans

e |Implement guidelines for infrastructures
design and operation for climate risk reduction
incorporating climate change scenarios

e Prepare Standard Operating Procedure and
Directive for establishment and operation of
multi-hazard Early Warning System

Informational:

e  Establish a robust database to document and
monitor climatic hazards, losses, and damages
overtime at the local level

e  Conduct assessment and mapping of all climate
induced hazard risks at the local level

e  Promote bilateral, regional, and international
cooperation in climate risk information sharing

Behavioural:

e |Implement a gender-sensitive and inclusive
approach in all processes of Climate and
Disaster Risk Management

Financial:

e Establish Local Adaptation Fund

e  Promote disaster insurance for public buildings,
schools, hospitals, health posts, and critical
infrastructures and review existing relevant
insurance policies

e  Promote public-private partnership to attract
participation and investment of private sector
in Climate and Disaster Risk Insurance, Risk-
sharing programs (e.g. Micro Insurance,
emergency fund, low-interest credit plan)

Laws and Regulation:

e Implement guidelines for mainstreaming DRR
and CCA into sectoral development plans

e Implement SOP for a multi-hazard Early
Warning System

e Relocate settlements of high-risk areas to the
low-risk areas

e Establish Fire Services at the Federal, Provincial
and Local level and build their capacities

e Develop community-based Early Warning
System in all disaster hotspots

The recommendations for adaptation options, from this study, at the local level are impractical.
According to the LAPA framework 2019, all rural municipalities will prepare and implement LAPAs
based on their climate change vulnerability and risk context, as well as their respective capabilities.
To improve the adaptive capacity of vulnerable households, communities, ecosystems, livelihood
assets and resources, and critical areas, more contextual, practical, and effective adaptation options
must be identified and promoted. Local adaptation options should also consider the possibility of
making development investments more climate-resilient, as well as mainstreaming climate change
into policies and plans (Regmi et al., 2016 c). To sustain adaption initiatives, local government
and communities have to be supported with finance, capacity building, and human resource
development. The list of adaptation options applicable for the local municipality is included in the
Annex of LAPA framework 2019.
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Chapter 8

Conclusion

The findings of the climate trend analysis, carried out by DHM (2017), show
that significant positive trends are observed in annual and seasonal maximum
temperature in Nepal. The all Nepal minimum temperature shows a significantly
positive trend only in the monsoon season. No significant trend is observed in
precipitation in any season. Extreme events (indices) associated with precipitation
show significant trends (positive and negative) specifically in northwestern
or northern districts. On contrary, the extremely warm temperature indices
showed significantly increasing trends in the majority of districts. The extreme
temperature indices are increasing significantly, mainly in the northwestern parts
of the country.

The findings of the future scenario analysis, carried out by MoFE and ICIMOD
(2019), show that the climate in Nepal will be warmer and wetter by mid-century,
and those trends could continue till the end of the century. Extreme events are
also likely to increase. Average annual precipitation is likely to increase in both the
medium-term and long-term periods, under both scenarios. The monsoon, post-
monsoon, and winter seasons may receive higher precipitation, but pre-monsoon
precipitation might decline for both future periods and RCPs. Winter and post-
monsoon temperatures will increase at a higher rate than in other seasons for
both future periods and RCPs. The temperature rise will be sharper in the high
mountains than in areas at lower elevations. Extreme climatic events, especially
related to temperature, are likely to be more frequent and more severe. Besides,
findings from this assessment show that climate-induced hazards are more
frequent and destructive. Among climatic hazards, all hazards except drought are
in increasing trend. The drought events are in decreasing trend. The loss and
damage from climate induced hazards is increasing and projected to increase in
future. It has high economic and non-economic costs for the human and natural
systems.

Climate-related changes, such as variability in temperature, precipitation, and
extreme weather events, have affected the environment and a wide range of
sectors, such as water, disaster risk reduction, agriculture, industry, as well as
recreational activities. Impact on these sectors has affected the livelihood of
local communities. The impact of climate change is visible in agriculture and
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food security where the production of some of the major crops has declined. Likewise, there has
been an increase in pests and diseases threatening crop quality and production. The increase
in temperature, rainfall variation, and occurrence of extreme events have posed a greater threat
to biodiversity and forest and ecosystem composition. The impact can be observed in terms of
vegetation shift, loss of habitat, changes in penological behaviour of plants, and spread of invasive
species. The impact on biodiversity and nature is having negative consequences for nature-based
tourism in Nepal.

Climate change impact is also observed in the water resources sector. The major issue there is the
declining quality and quantity of water resources. There is clear evidence showing the impact on
the hydrological system creating water scarcity and decreasing the quantity of water during the
winter. Besides, it is evident that glaciers are retreating quicker, rainfall patterns are changing,
glacial lakes are forming, and springs are drying up. The impact on water resources is also creating
issues in the hygiene and sanitation sector. Increased temperatures and changes in precipitation
and extreme events are also the major cause of the emergence and outbreak of vector and water-
borne diseases. There are new issues such as an increase in cardiovascular diseases, heat and cold
stresses, and malnutrition. Besides, climate change is affecting urban and rural settlements. The
changing dynamics of urban and rural areas are often prone to climate-induced stressors such as
heat and cold stresses, water scarcity, risk of inland flooding, etc. Climate-induced disasters are
also a threat to infrastructures such as roads, bridges, airports, buildings, and industries.

Climate change impacts are also evident at the provincial and local levels, according to stakeholders'
perceptions. Climate change had an impact on the majority of people who depend on natural
resources for their livelihood. Stakeholders also believed that climate-related hazards had become
more common and frequently severe. It was also discovered that the loss and damage from disasters
have been increasing every year and thus creating an additional burden to the local governments.

Apart from physical factors, this assessment specifically analyzes the socio-economic trend and
scenarios. The analysis shows an increasing trend of key demographic factors such as population
dynamics (growth pattern and trend of male and female population), population density,
urbanization trend, and the growth of female-headed households. The future projection shows
that the population of Nepal is expected to reach 34 million by 2031 and 42 million by 2050. The
urban population will reach 48 percent by 2051 from the current urban population of 20 percent.
There will be an overall reduction in poverty at the national level, but projections show that the rate
will be sluggish for Province two. Besides, the trend analysis also indicates a rapid increase in male
labour migration predominantly in Province two, Bagmati Province, and Lumbini Province. The
migration of young household members in a family increases the sensitivity of those left behind
(elderly, children, and women) and leads to an increase in female-headed households (de-facto
household heads). Female-headed household members are projected to reach 3.1 million by 2051
from the current 1.3 million if the same growth trend is followed.

In understanding vulnerabilities and risks, the exposure, sensitivity, adaptive capacity were
assessed. The exposure in this assessment comprises of the presence of people, livelihoods,
species or ecosystems, environmental functions, services, and resources, infrastructure, or
economic, social, or cultural assets in places and settings that could be adversely affected. The
composite index of exposure is prepared by combining all the relevant sectors included in this
study. The exposure is high in Province two and Bagmati Province. Also, some districts in Gandaki
Province, the Tarai region of Province one, and Lumbini Province are exposed to climatic-induced
hazards. In the case of the Sudurpaschim Province, Kailali is highly exposed. The total population
of the particular district is one of the major contributors to high exposure.
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Exposure is also determined by the areas of land exposed to several climatic hazards. For example,
Rupandehi and Kapibastu fall in the high to very high exposure category. This is mainly because of
the higher land area under cereal crops in these two districts compared to other neighboring Tarai
districts. Another determinant of high exposure to hazards is related to exposure to infrastructure
and resources. For example, Kathmandu, Kaski, and Morang districts have high exposure to
climatic hazards. Healthcare infrastructure such as hospitals, health posts, and sub-health posts,
are higher in these districts.

Interms of exposure at the municipality level, the findings show that 26 municipalities represent a high to
a very high degree of exposure to climate change. Biratnagar, Lalitpur, Kathmandu, Birgunj, Bharatpur,
Pokhara Lekhnath, Ghorahi, Tulsipur are the older and bigger towns developed as metropolitan and
sub-metropolitan and are the very highly exposed municipalities. The majority of the highly exposed
municipalities that have been established or declared in 2011 or earlier are highly populated with high
infrastructure investments in roads, irrigation, health and education infrastructures, cultural heritage
sites, and market centers that provide services and functions at the municipalities. The rest of the
other 267 municipalities across Nepal are characterized by moderate to very low exposure to climate
change. In the case of rural municipalities, the exposure is high in the Tarai and mid-hills municipalities
compared to the mountain municipalities. Mostly the demographic and resource concentration in the
municipalities played a major role in increasing the exposure to climate-induced hazards.

Sensitivity is differentiated by the physical, biological, socio-economic, and structural characteristics
of the exposed units. In this assessment, the composite sensitivity index is combining all the
sectoral sensitivity values. The result shows that all the hill and mountain districts of Lumbini
Province, Karnali Province, and Sudurpaschim Province are high to very highly sensitive to climate
change impacts. Only the mountain districts of Province one have high to a very high degree of
sensitivity. The districts of Province two observe a medium to a very low degree of sensitivity.
Except for Mahottari districts, all other districts of Province two observe a low to a very low degree
of sensitivity. Meanwhile, Province one districts have mixed results. Only the mountain districts of
Province one have a high to a very high degree of sensitivity.

In terms of the sensitivity of municipalities, the overall findings show that 121 municipalities exhibit a
high to a very high level of sensitivity category. Among them, the majority of municipalities scattered
across the seven Provinces exhibits sensitivity to climate change. This is because their geological
features such as slope, geology, and soil characteristics increase susceptibility to climate extreme
events and hazards. The municipalities in the hilly region and mountain region are more sensitive
than that of the Tarai region. However, there are some districts in the Tarai region particularly some
flood-prone municipalities with more exposed populations and infrastructures increasing their
sensitivity to annual flood events. In the case of the rural municipalities, the findings show that most
of the Tarai and mid-hill municipalities in all the Provinces are highly sensitive to climate-induced
extreme events and hazards. The sensitivity is high in the mid-hills of Bagmati Province and Gandaki
Province. In Lumbini Province, Tarai and mid-hill municipalities have higher sensitivity. In the case
of Province one, the higher sensitivity is found in municipalities of the Tarai region.

Adaptive capacity is assessed based on the ability of systems, institutions, humans, and other
organisms to adjust to potential damage, to take advantage of opportunities, or to respond to the
consequences of climate change. The assessment shows that Lalitpur, Chitawan, Morang, Jhapa,
and Kathmandu districts have a very high adaptive capacity with the ability to adjust well to the
adverse effect of climate change. These districts have higher HDI, higher GDP, and higher literacy
rates, improved access to infrastructure, health, and other services. On the contrary, most of the
districts of Karnali Province and Sudurpaschim Province have low adaptive capacity. The access to
services, technologies, and infrastructure is poor in the Provinces compared to others.
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On the contrary, most districts in the mid-hill and high-hill regions are either in very low or low
adaptive capacity categories. For example, the majority of districts of Lumbini Province, Karnali
Province, and Sudurpaschim Province fall in the low to very low adaptive capacity. Likewise, most
of the mid-hill and mountain districts of Province one fall in the low to very low adaptive capacity
category. Besides, the districts of Province one have mixed categories of adaptive capacity. There
is moderate to high adaptive capacity of the districts in Province two.

In the case of the urban municipalities, findings show that 32 municipalities are found to have high
to very high adaptive capacity whereas 179 municipalities have low to very low adaptive capacity.
The higher adaptive capacity was found in old municipalities which were established before 2011.
These municipalities had huge investments in urban planning and local development compared to
the newly established/declared municipalities. Moreover, 18 municipalities in Province One and 23
municipalities in Bagmati Province are classified as very high and high sensitivity due to their fragile
landscape features such as steep slope, geology, and soil. Similarly, 9 municipalities in Lumbini
Province, 22 municipalities in Gandaki Province, and 19 municipalities each in Karnali Province and
Sudurpaschim Province are classified as very high and high sensitivity, respectively, due to their
proximity to flood-prone and landslide-prone areas. The major cause of low adaptive capacity in
these Provinces is a higher incidence of poverty, inadequate infrastructure development and access,
and other prevailing local development challenges. Besides, the findings show that most of the rural
municipalities in Province two, Karnali Province, and Sudurpaschim Province have lower adaptive
capacity. The low adaptive capacity is mostly triggered by a lack of access to resources and services,
including lower HDI and higher incidence of poverty in the Provinces and respective municipalities.

After analyzing the sensitivity and adaptive capacity, vulnerability is calculated. Vulnerability in
this assessment is the difference between sensitivity or susceptibility to harm and lack of capacity
to cope and adapt. The findings show that most of the districts are vulnerable to climate change
impacts. A high to a very high degree of vulnerability is experienced in all the mountainous
regions. Besides, all the mid-hills and mountain districts of Karnali Province and Sudurpaschim
Province experienced a very high degree of vulnerability. The Bagmati Province has mixed
types of vulnerability. The lowest vulnerability is observed in the Kathmandu district of Bagmati
Province. Lalitpur, Bhaktapur, and Chitawan districts fall in the low vulnerability criteria. Gandaki
Province and Lumbini Province have also a mixed type of vulnerability distribution. However,
except Morang, Sunsari, Jhapa, and Panchtar all the hilly and mountain districts fall in a high to a
very high degree of vulnerability.

The vulnerability in the Tarai seems moderate to low in the majority of the districts because of high
adaptive capacity and comparatively lower sensitivity. One of the reasons is that a large number of
rural municipalities do not have forests within their municipalities. Although the multi-dimension
poverty and hazards are high, other factors influence vulnerability such as remoteness, access to
resources, and existing facilities. Out of many, it is also influenced by improved access to roads
and infrastructures, rich biodiversity, and access to energy.

When it comes to physiographic regions, the results suggest that high mountains and mid-hills
are more vulnerable than other areas. Within the provinces, there is a wide range of physiographic
vulnerability. This is, however, context-dependent and varies by sector.

However, there are variations within sectoral vulnerability. In the agriculture, forestry, health, water
resources and energy, transport, tourism, and GESI sector, vulnerability is high in the Karnali
Province and Sudrupaschim Province. In the case of health, the vulnerability is also concentrated
in Province two. The majority of the sectoral analysis shows that vulnerability is more in the hills
and mountain districts compared to the Tarai.

Vulnerability and Risk Assessment and Identifying Adaptation Options | 108

"



The municipalities-wise vulnerability analysis shows that among 293 municipalities assessed,
37 municipalities fall under the very high, 52 high, 42 moderate, 58 low, and 104 in a very low
vulnerable category. The old-established metropolitan, sub-metropolitan, and municipalities such
as Pokhara Lekhnath, Dharan, Kathmandu, Biratnagar, Lalitpur, Dhangadi, Dharan and Dhankuta
have a very high adaptive capacity and therefore exhibit a very low vulnerability to climate change.
These municipalities show a high level of human development index, access to adequate livelihood
assets, access to urban services and function, economically sound, resilient physical and social
infrastructure, and institutional capacity to plan and actto prepare and respond effectively to climate-
induced shocks and stress. In the case of rural municipalities, the vulnerability is concentrated in
Province two, Bagmati Province, Lumbini Province, Karnali Province, and Sudurpaschim Province.
Few of the rural municipalities in the Gandaki Province are also highly vulnerable. Also, the major
factors affecting vulnerability in the Provinces are due to higher sensitivity of population and
resources and lower capacity to respond to the impacts of climate change.

It is also highly likely that future vulnerabilities will also increase across the majority of the
municipalities and provinces due to the projection of increased hazards, the socio-economic
downfalls due to COVID-19 and other issues, and the political instability in Nepal. Among others,
the poor, marginalized, women, children, elderly, disabled will be more vulnerable to the impacts.

Risk is a function of exposure, vulnerability, and hazards. The overall baseline risks of climate
change impact are calculated by considering the current hazard, exposure, and vulnerability.
The analysis shows that districts that are impacted by floods, landslides, fire, windstorms, and
hailstorms, etc., have observed a very high impact from climate-induced disasters. Under RCP 4.5
in 2030, a total of 15 districts fall in the very high-risk category while 17 districts fall in the high-risk
category. Except for some exceptions under RCP 4.5, almost all districts in the Tarai, mid-hills, and
mountains fall under high-very high risks. Likewise, under RCP 8.5 in 2030, a total of 19 districts fall
in the very high-risk category while 17 districts fall in the high-risk category.

According to the results of the municipal level assessment, the risk level for Bhanu and Byas in
Gandaki Province and Sitganga in Lumbini Province increased from high to very high-risk under
RCP (4.5, 8.5) in 2030. In RCP 4.5, the number of very high-risk municipalities climbed from two in
the baseline to six, while the risk level in the high-risk category increased from 44 in the baseline to
80 in 2030. Furthermore, under RCP 8.5, the number of very high-risk municipalities climbed from
2 in the baseline to 5, while the risk level in the high-risk category increased from 44 in the baseline
to 69 in 2030. Besides, risk assessments in rural municipalities show that the risk of climate change
in 2030 is higher in municipalities of mid-hills and Tarai. However, under both scenarios, some of
the mountain rural municipalities in Bagmati Province and Province one face a high risk of climate
extreme events in 2030.

According to the results of the municipal level assessment, Nilakantha from Bagmati Province
has switched from high to very high-risk status in RCP 4.5 (2050). Furthermore, under RCP 4.5
(2050), Jitpur Simara in Province Two, Sworgadwary and Rajapur in Lumbini Province, and Patan
in Sudurpaschim Province have gone from moderate to high risk as compared to RCP 4.5 (2030).

Similarly, in 2050, under RCP 8.5, Rupakot Majhuwagadhi from Province one, Janakpur from Province
two, Nilkantha from Bagmati Province, and Kushma from Gandaki Province shifted from high to very
high rank in comparison to RCP 8.5 in 2030. Furthermore, Sunwarshi, Bhojpur, and Chaudandigadhi
from Province one; Jitpur Simara from Province two; Chandragiri, Ramechhap, Rapti and Ratnanagar
from Bagmati; Sundarbajar, Shuklagandaki, and Madhyabindu from Gandaki Province; Buddhavumi,
Bhumekasthan, Pyuthan and Rajapur from Lumbini Province, Sharada and Gurbhakot from Karnali
Province and Parashuram and Patan from Sudurpaschim Province have shifted from moderate risk to
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high risk as compared to RCP 8.5 in 2030. In the case of the rural municipality, the risk of severe climate
events is higher across all Provinces. It's worth noting that, under both RCP scenarios, the chances
of climate extreme events are rising in 2050, as seen in the mountain palikas of Province one and the
Bagmati Province.

Different development sectors, such as agriculture, water, disaster management, energy, forest,
biodiversity, health, urban planning, and livelihoods, are expected to be impacted by risk scenarios.
However, climate projections are fraught with uncertainty. Furthermore, socioeconomic scenarios
govern the risk of climate change in the future. As a result, the findings of this assessment should
be regarded as indicative rather than absolute when developing adaptation options and strategies,
and uncertainties should not be overlooked. Having said that, the study's preliminary findings
capture a wide range of future climate variability and are extremely useful in assisting policymakers
in developing appropriate adaptation plans and strategies. Besides, the evidences presented in
this report will be useful for government of Nepal to advance Loss and Damage debate at the
national and international level.

In conclusion, the overall loss and damage, vulnerability and risk are increasing across Nepal
and are projected to increase rapidly in the future. In terms of vulnerability, Karnali Province
and Sudurpaschim Province are highly vulnerable. However, in terms of risks of climate change
impact, Province one, Province two, Bagmati Province, Gandaki Province, and Lumbini Province
have observed higher risks of climate change impact. Besides, COVID-19’s heightened risks and
vulnerabilities, intensify the current socio-economic and health crisis, including the annual loss
and damage caused by climate-related disasters. The poor, women, Indigenous Peoples, youth,
children, the marginalized, and smallholder households and communities will be particularly hard
hit.

Adaptation options are thus crucial to address the vulnerable hotspots, critical ecosystems, and
vulnerable and marginalized communities. The findings suggest that in Karnali Province and
Sudurpaschim Province a vulnerability and livelihood focussed approach to climate change
adaptation is relevant. This means, in the short term (2025), adaptation options should focus
more on improving the adaptive capacity and addressing some of the physical, socio-economic,
and structural issues governing susceptibility of the population and the livelihood resources they
depend on. Province two needs risks based approach to adaptation focussing more on reducing
the risk of impact from climate-induced extreme events and hazards by improving the forecasting,
risk communication, risk transfer, and disaster risk reduction activities. Besides, other Provinces
need to focus both on increasing adaptive capacity as well as risk reduction activities.

The findings, in particular, suggest that context-specific adaptation options are required to deal with
the differentiated impact, risk, and vulnerability in various thematic sectors. Soft and hard measures
have been identified as adaptation options for the sectors. They include interventions that increase
actors' and agencies' awareness and capacity, provide technological options and solutions to deal
with climate adversity by reducing the risk posed by climate-induced hazards and extreme events,
promote the efficient use and management of natural resources, and improve the communication
and information system to protect people and their assets. Policy and legal measures to ensure
compliance with environmental and climate-resilient codes, adoption of climate-resilient pathways,
and integration of climate change into sectoral development policies and plans, including local
government planning and budgeting processes, are also options. Options also include strengthening
governance mechanisms to ensure that poor and vulnerable households and communities receive
priority in adaptation funding. Also, adaptation options in the COVID-19 context must consider the
wider socioeconomic context and contribute to green growth and recovery. However, there are also
limits to adaptation and DRR technology and practices. The transformative options are thus needed
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to fill the adaptation gaps. These include approaches that change the system so that people and
livelihoods exposed to risk are safeguarded. These approaches include relocation of settlement from
landslide-prone areas, providing people access to new livelihood options such as the shift from
traditional sustenance farming to the service sector, etc.

There are some limitations to this vulnerability and risk assessment. Due to data availability
constraints, deciding on a scale proved difficult. Studies like this, which are conducted at the national
level, require a consistent unit of analysis for comparison and, later, for taking ownership in terms
of implementation, which is why the MoFE decided to use districts and urban municipalities as a
unit of assessment. However, some sectors necessitated the use of different units of analysis. This
study couldn't, for example, look into the settlements and had to rely on municipalities as a unit in
both rural and urban settlements. Similarly, in the tourism sector, the assessment focused solely
on protected areas and cultural assets.

Vulnerability and Risk Assessment will be carried out every five years, according to the Environment
Protection Act (2019). There is a chance to fill the vacuum. However, there is a need to invest in
research and data generation to have downscaled climate and other socioeconomic, demographic,
and sectoral specific information and assessments covering all 753 local governments, as well
as thematic sectors, sub-sectors, and appropriate scales (settlements, watershed, river basins,
forests, and biodiversity types). There is, for example, a need to downscale climate trends and
projections at the municipality level, which includes systematic data generation and storage. Also,
hydrological modelling of major river basins and watersheds is needed in depth to understand the
dynamics of changes in water resources. Besides, more data needs to be collected on vegetation
shift, changes in the phenology of trees, plants, and crops, changes in water availability including
the climate thresholds for major food crops.
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Annex

Annex 1. Key Exposure, Sensitivity, and Adaptive capacity indicators

Exposure indicators

Human population: Male, Female, population size, density, number of households

Animal and Wildlife population: Livestock population - dairy cattle, goat, sheep, pig, poultry,
duck, fish; Wildlife population

Resources: Forest, NTFPs, protected areas, water bodies (groundwater, river, snow cover,
glaciers), wetlands and Watershed area, Built-up and municipal area, Area under key cereal
crops, Land area under permanent meadows and pasture

Services and Infrastructures: Airport, Road, Bridges, Buildings, Hospitals, Dams, Hydropower,
and transmission lines, Drinking water supply schemes, industries, vehicles, fish farms and
ponds, trekking routes, hotels, surface irrigation schemes, cultural and archaeological sites
Others

Sensitivity Indicators

Demographic characteristics: Gender (Male and Female); Urban and Rural population, Age
group (children, elderly, youth, adult), population density, Economic status (poor, rich)
Socio-economic characteristics: Population growth, population density, sex ratio, Dalit and
Janajati population, Differently abled, and people with health issues, Poverty incidences,
Female household population, smallholder farmers, landless population, refugees, slum
dwellers, orphans, the dependency ratio

Characteristics of infrastructures: types of infrastructures, age of infrastructures, location of
infrastructures (proximity to hazards), Build-up and types, repair and maintenance status,
strength and robustness, etc.

Biophysical factors: Slope, Soil types, topography, the trend of change land use and land
cover, the trend of change snow cover, water flow, forest types, species richness

Intrinsic characters: forest types, slope, landslide & flood intensity

Disturbance regimes: forest fire, invasive alien plants, degradation, and fragility status, pest,
and diseases susceptibility

Others: Drainage density, sedimentation yield, demand and supply



Adaptive capacity indicators

Socio-economic capability: HDI, GNI, GDI, GDP, Economically active population, labour
productivity, land ownership by female

Access to goods and services: Access to roads, infrastructures, communication, technology,
education, health facilities, seeds, and planting materials and fertilizers, HH with radio and
television, market services, rescue, and rehabilitation centres, fire management equipment,
waste disposal, water purification, and refinement, standardized roads and alternative means
of transportation

Access to technology: Climate-smart and climate-resilient technologies, risk reduction and
risk management technologies, water-efficient technologies, soil and land management
technologies, crop management technologies, Early warning systems, Bioengineering
technologies, sustainable forest management, Agro advisories

Access to finance: Investments and allocations, Budget, Insurance, credit, and grants facilities,
blending and lending

Policy and institutions: Law, policy, plans, number of active agencies working, networks and
groups, reinforcement of building codes

Awareness and knowledge: local and indigenous knowledge, knowledge on climate change
and response measures

Human Resources: Skilled HR on DRRM, Skilled HR in other areas

Others
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Annex 2. Consolidated Exposure, Sensitivity, Adaptive capacity and
Vulnerability index

District
Achham
Arghakhanchi
Baglung
Baitadi
Bajhang
Bajura
Banke

Bara
Bardiya
Bhaktapur
Bhojpur
Chitawan
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
Khotang
Lalitpur

127

Exposure
0.366
0.389
0.451
0.379
0.547
0.29
0.555
0.656
0.561
0.396
0.345
0.79
0.331
0.393
0.754
0.378
0.536
0.295
0.624

0.5
0.356
0.387

0.23
0.722
0.501
0.36
0.509
0.296
0.802
0.318
0.82
0.233
0.473
1
0.695
1
0.662
0.398
0.609

Vulnerability and Risk Assessment and ldentifying Adaptation Options

Sensitivity
0.848
0.889
0.933
0.881
0.94
0.914
0.626
0.711
0.64
0.576
0.839
0.86
0.76
0.907
0.848
0.872
0.989
0.764
0.753
0.988
0.852
0.832
0.741
0.966
0.932
0.927
0.851
0.897
0.806
0.875
0.88
0.885
0.683
0.734
0.905
0.741
0.871
0.835
0.734

Adaptive capacity
0.476
0.503
0.47
0.419
0.341
0.297
0.541
0.678
0.532
0.587
0.436
0.778
0.446
0.363
0.631
0.361
0.496
0.461
0.68

0.5
0.238
0.453
0.364
0.509
0.554
0.252

0.52
0.34
0.721
0.284
0.64
0.294
0.62
0.69
0.762
1
0.627
0.464
0.784

Vulnerability
0.733
0.747
0.817
0.812
0.934
0.948
0.472
0.43
0.41
0.385
0.759
0.481
0.678
0.885
0.597
0.854
0.845
0.668
0.469
0.841
0.943
0.738
0.649
0.812
0.742

1
0.697
0.896
0.482
0.924

0.62
0.925
0.455
0.441
0.537
0.178
0.622
0.73
0.36

o 4
X s



Lamjung 0.35 0.858 0.463 0.753

Mabhottari 0.563 0.784 0.534 0.623
Makawanpur 0.631 0.908 0.629 0.655
Manang 0.232 0.806 0.333 0.817
Morang 1 0.845 0.662 0.569
Mugu 0.321 0.855 0.254 0.931
Mustang 0.605 0.741 0.347 0.746
Myagdi 0.386 0.903 0.417 0.834
Nawalpur 0.517 0.8 0.598 0.583
Nuwakot 0.457 0.885 0.486 0.758
Okhaldhunga 0.288 0.851 0.46 0.749
Palpa 0.512 0.894 0.565 0.698
Panchthar 0.335 0.657 0.402 0.539
Parasi 0.466 0.715 0.433 0.502
Parbat 0.228 0.669 0.395 0.556
Parsa 0.497 0.648 0.586 0.452
Pyuthan 0.58 0.941 0.452 0.838
Ramechhap 0.409 0.929 0.474 0.808
Rasuwa 0.307 0.886 0.384 0.848
Rautahat 0.512 0.712 0.614 0.488
Rolpa 0.411 0.909 0.44 0.82
Rupandehi 1 0.737 0.789 0.359
Salyan 0.321 0.809 0.382 0.778
Sankhuwasabha 0.471 0.958 0.458 0.849
Saptari 0.691 0.734 0.639 0.486
Sarlahi 0.571 0.754 0.611 0.529
Sindhuli 0.636 0.902 0.527 0.738
Sindhupalchok 0.575 1 0.518 0.836
Siraha 0.605 0.772 0.623 0.535
Solukhumbu 0.452 0.957 0.575 0.747
Sunsari 0.702 0.751 0.673 0.472
Surkhet 0.523 0.842 0.503 0.704
Syangja 0.405 0.875 0.538 0.704
Tanahu 0.525 0.887 0.558 0.697
Taplejung 0.421 0.886 0.57 0.685
Terhathum 0.221 0.763 0.39 0.73
Udayapur 0.499 0.837 0.485 0.715
Western Rukum 0.219 0.772 0.341 0.697
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