Government of Nepal
Ministry of Forests and Environment

Climate Change
Scenarios for Nepal

National Adaptation Plan
February 2019






Government of Nepal
Ministry of Forests and Environment

Climate Change
Scenarios for Nepal

National Adaptation Plan
February 2019



Published by

Government of Nepal

Ministry of Forests and Environment

Singha Durbar, Nepal

Phone: (+977-1) 4211567

Fax: (+977-1) 4211868

Website: www.mofe.gov.np

E-mail: info@mofe.gov.np

Copyright © 2019

Ministry of Forests and Environment, Government of Nepal

This Publication may be used for educational and non-profit purposes, provided acknowledgement of the source is accurately made.
Use of any part of it for commercial purpose is strictly prohibited.

Supported by

Himalayan Adaptation, Water, and Resilience (HI-AWARE) Research supported by UK’s DFID and Canada’s IDRC through the
Collaborative Adaptation Research Initiative in Africa and Asia (CARIAA).

Support to Rural Livelihoods and Climate Change Adaptation in the Himalayas (Himalica), the European Union, and International
Centre for Integrated Mountain Development (ICIMOD).

Contributors

Department of Hydrology and Meteorology, International Center for Integrated Mountain Development, National Adaptation Plan Expert Team, Practical
Action, FutureWater

The technical analysis of this report was conducted by:
Santosh Nepal?, Saurav Pradhananga?, Arthur Lutz?, Archana Shrestha3, Arun B Shrestha?
Citation

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

Editing

Doris Canter Visscher and Nagraj Adve
Proof reading

Asha Kaji Thaku

Graphic design/layout

Mohd Abdul Fahad, ICIMOD

Print

Format Printing Press, Kathmandu, Nepal

1ICIMOD, Nepal
2 FutureWater, The Netherlands
3DHM, Nepal



Government of Nepal

4211567
4211892

Fax. 4211868

Ref. No.

"durhar Ka\hﬂ"“

FOREWORD

The Government of Nepal (GoN) is committed to responding to climate change risks and impacts through
integrated policies and affirmative action. The GoN, as a party to the United Nations Framework Convention
on Climate Change (UNFCCC), initiated the National Adaptation Plan (NAP) formulation process in September
2015. The NAP process was established to build on the country’'s rich experience in addressing adaptation via
the National Adaptation Programme of Action (NAPA), and through it, to address medium-term and long-term
adaptation. The process aims at addressing the impacts of climate change by building adaptive capacities and
resilience, and by facilitating the integration of climate change adaptation into development planning. The NAP
formulation process in Nepal is led by the Ministry of Forests and Environment (MoFE). The MoFE has formed
with seven Thematic Working Groups and two cross-cutting working groups, which focus on the major climate
change-sensitive sectors, in the NAP formulation process.

This report, Climate Change Scenarios for Nepal, has been developed through the collaborative efforts of the
MoFE, the Department of Hydrology and Meteorology (DHM), the International Centre for Integrated Mountain
Development (ICIMOD), FutureWater, the NAP expert team, Action on Climate Today, and Practical Action. It
used select Global Circulation Models (GCMs) from Coupled Model Inter comparison Project Phase 5 (CMIP5)
datasets of the IPCC's Fifth Assessment Report (ARS5). Future climate change scenarios were analysed for
the medium-term period (2016-2045) — corresponding with the 2030s — and the long-term period (2036—2065)
~ corresponding with the 2050s — with respect to the reference period 1981-2010, as identified by the process.

Overall, the report's findings suggest that future precipitation and temperatures will be higher than in the
reference period. In particular, variables related to temperature are expected to increase continuously
throughout the twenty-first century Extreme climate events, especially those corresponding to temperature,
are likely to be more frequent, longer-lasting, and more severe. These changes may have a serious and
adverse impact on sectors such as water, energy, biodiversity, agriculture, and consequently on the livelihoods
of millions. These findings can contribute significantly in devising future policies and plans pertaining to the
socioeconomic and environmental sectors in Nepal.

On behalf of the MoFE, | appreciate the efforts of DHM,ICIMOD and individuals from the other organizations
involved in preparing this document, and the members of the thematic and cross-cutting working groups for
guiding the process.

| sincerely thank Himalayan Adaptation, Water and Resilience Research (HI-AWARE) and Rural Livelihood
and Climate Change Adaptation in Himalayas (HIMALICA) projects led by ICIMOD, Action on Climate Today
(ACT), a UK AID-funded initiative led by Oxford Policy Management Limited (OPML), and Practical Action for
providing funding and technical support

]
-

Bishwa Ndé QOli, PhD
Secretary
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PREFACE

The impacts of climate change on different sectors constitute a serious threat to Nepal’s economy
and society. In order to plan and implement a successful adaptation strategy, it is vital to
understand the patterns of a changing climate and, in particular, how they are likely to evolve in the
future. Accordingly, the Ministry of Forests and Environment (MOFE), Government of Nepal, initiated
the National Adaptation Plan (NAP) formulation process in September 2015 to develop medium-
and long-term adaptation strategies.

Adaptation plans need to be developed on the basis of a strong scientific foundation and reliable
evidence. This includes data and information about how the climate has changed in the past

and how it may likely change in the future. The Department of Hydrology and Meteorology (DHM)
has supported the NAP formulation process by studying and publishing a report in June 2017 on
climatic trends in Nepal using historical data. The report presented here, Climate Change Scenarios
for Nepal, has been prepared with technical inputs from the International Centre for Integrated
Mountain Development (ICIMOD) and the DHM. It aims to highlight varied climate change scenarios
for Nepal and is designed particularly for the NAP formulation process.

This report foregrounds changes in precipitation and temperature for the medium-term (2016-
2045) and long-term periods (2036-2065) - periods corresponding to the 2030s and 2050s
respectively - with respect to the reference period (1981-2010) as laid out by the NAP formulation
process. Its findings suggest that temperature variables are expected to increase continuously
throughout the 21st century. Mean temperature could rise by 0.9-1.1 degrees Celsius (°C) in the
medium-term period and 1.3-1.8 °C in the long-term period. Consequently, extreme climate events
are likely to be more frequent and severe.

The DHM has a mandate from the Government of Nepal to monitor all hydrological and
meteorological activities in Nepal. The scope of work includes the collection and dissemination

of hydro-meteorological data and monitoring of river hydrology, climate, climate change,
agrometeorology, sediment, water quality, limnology, snow hydrology, glaciology, wind, and solar
energy. Public and aviation weather forecasts and flood forecasts are the regular services provided
by the DHM.

ICIMOD was established in 1983 as a regional, intergovernmental knowledge-sharing centre
serving the eight member countries of the Hindu Kush Himalaya - Afghanistan, Bangladesh,
Bhutan, China, India, Myanmar, Nepal, and Pakistan. It aims at helping mountain people of the
region understand changes arising from globalization and climate change and assisting them in
adapting to these changes and making the most of new opportunities.

The DHM and ICIMOD have been collaborating for several years on issues related to hydrology,
monitoring environmental processes, the development of early warning systems for floods, and
climatic changes and their impacts. The two institutions are delighted to publish this report. We
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would like to thank Rishi Ram Sharma, Archana Shrestha, Indira Kandel, and Bikas Nepal from

the DHM, who provided technical guidance and were involved in this study. We would also like to
thank Arun B. Shrestha, Santosh Nepal, Saurav Pradhananga, Vishwas Chitale, Bimal Regmi, and
Giovanna Gioli from ICIMOD, who were involved in the NAP formulation process. Santosh Nepal,
Saurav Pradhananga, Arthur Lutz, Archana Shrestha, and Arun B. Shrestha conducted the technical
analysis for this report. Thanks are also due to the NAP expert team, which provided valuable
suggestions for the preparation of the report.

We sincerely believe that the data, methods, and information about the future climate scenarios
for Nepal, including climatic extremes, presented in this study will prove very valuable, not only in
improving our understanding of the impacts of climate change but also in preparing adaptation
plans for different sectors in Nepal accordingly.

Saraju K. Baidya Maheshwar Dhakal, PhD David Molden, PhD
Director General, DHM Chief, Climate Change Director General, ICIMOD
Management Division, MoFE
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EXECUTIVE SUMMARY

The Government of Nepal has recognized climate change adaptation as fundamental to safeguarding
vulnerable communities, ecosystems, and relevant climate-sensitive sectors from the impacts of climate
change. The National Adaptation Plan (NAP) process was initiated in Nepal in September 2015, as
mandated by the Conference of the Parties to the United Nations Framework Convention on Climate Change
at its Sixteenth Session (COP 16) in Cancun in 2010. The NAP will build on the experience of preparing

and implementing the National Adaptation Programme of Action (NAPA) 2010, and will formulate plans to
address the medium-term and long-term adaptation needs of the country.

The key to successful adaptation is to anticipate how the climate will evolve in the future. This report
provides medium-term and long-term climate change scenarios for Nepal, which are modelled
representations of an evolving climate. The study used select Global Circulation Models (GCMs) from the
CMIP5 dataset, which also forms the physical science basis of the IPCC’s Fifth Assessment Report (ARD).
The GCMs were selected based on multiple criteria, covering all combinations of cold, warm, dry, and wet
conditions, and provide a range of possible changes in the future based on the ensemble and climate
change indices.

The Fifth Assessment Report identified four scenarios, or Representative Concentration Pathways (RCPs)

- RCP2.6, RCP4.5, RCP6, and RCP8.5. Each of them represent different volumes of greenhouse gas
emissions, and hence varied levels of their concentrations in the atmosphere in the year 2100, implying a
particular development trajectory taken. Each RCP is denoted by its respective total radiative forcing - or
energy imbalance, measured in watts per meter squared - in the year 2100 relative to 1750. For instance,
RCP4.5 denotes a radiative forcing of 4.5 Wm-2. There is a direct causal relationship between the level of
radiative forcing and eventual average warming in the long run.

Of these four RCPs, two possible trajectories - RCP4.5 and RCP8.5 - were chosen as representations of
extreme future scenarios based on different socioeconomic and developmental trajectories. Future climate
change scenarios were analysed for the medium-term period (2016-2045) and the long-term period (2036-
2065) - periods corresponding with the 2030s and 2050s respectively — with respect to the reference
period 1981-2010, as laid out by the National Adaptation Plan process.

Key findings
The maijor findings of the study are the following:
A. Regarding changes in precipitation and temperature in future periods:

1. Average annual precipitation is likely to increase in both the medium-term and long-term periods.
Average annual precipitation is likely to increase by 2-6% in the medium-term period and by 8-12%
in the long-term period. [Table 8, Figure 8, Section 4.2]

2. Average annual mean temperature is likely to rise. Mean temperature could increase by 0.9-1.1
degrees Celsius (°C) in the medium-term period and 1.3-1.8 °C in the long-term period. [Table 8,
Figure 7, Section 4.1]

3. Both the average annual mean temperature and the average annual precipitation are projected
to increase until the end of the century. Precipitation could increase by 11-23%, and mean
temperature might increase by 1.7-3.6 °C by 2100. [Table 8, Section 4.2]

Climate Change Scenarios for Nepal [



4. The temperature is projected to increase for all seasons. The highest rates of mean temperature
increase are expected for the post-monsoon season (1.3-1.4 °C in the medium-term period, and
1.8-2.4 °C in the long-term period) and the winter season (1.0-1.2 °C in the medium-term period,
and 1.5-2.0 °C in the long-term period). [Table 10, Section 4.2]

5. Precipitation is projected to increase, barring the pre-monsoon season. Precipitation will increase
in all seasons, except the pre-monsoon season, which is likely to see a decrease of 4-5% in the
medium-term period. The post-monsoon season might have the highest increase in precipitation
with respect to the reference period, possibly going up by 6-19% in the medium-term and 19-20%
in the long-term. [Table 10, Section 4.2]

6. Projections about precipitation in the future have a large degree of uncertainty, greater than
temperature projections. The uncertainty in temperature projections in this report is smaller than
regarding precipitation. Agreement between different climate models is larger for temperature,
as compared to precipitation. Collectively, these results suggest that projections regarding
temperature-related changes are more certain than the projected changes in precipitation.
[Table 14, Figure 10, Section 4.3]

B. Regarding changes related to climate extremes in future periods:

1. Intense precipitation events are likely to increase in frequency, with extremely wet days (P99)
expected to increase at a higher rate than very wet days (P95). [Table 12, Figures 11 and 12,
Section 4.4.1]

2. The number of rainy days is likely to decrease in the future. This, in combination with the increase in
precipitation intensity, is likely to create more water-related hazards in the future. [Table 12,
Figure 13, Section 4.4.1]

3. Future changes in consecutive dry days (CDD) and consecutive wet days (CWD) varies with the RCP
scenarios. The RCP4.5 scenario projects a likely increase in CDD, while the extreme scenario
RCP8.5 projects a likely decrease. In agreement with this trend, CWD is projected to decrease under
the RCP4.5 scenario, and is likely to increase under RCP8.5. [Table 12, Figures 14 and 15, Section
4.4.1]

4. Both warm days and warm nights are likely to increase in the future. The number of warm days will
rise sharply, from 36 days to 60 days a year in the medium-term, and to 68 days a year in the long-
term period, under the RCP4.5 scenario. This is in concurrence with increasing temperature trends
in the future. [Table 12, Figures 16 and 17, Section 4.4.2]

5. Both cold days and cold nights are likely to decrease in future. The number of cold days decline by
42-53% under the RCP4.5 scenario over the two periods in this study. This too is in concurrence
with increasing temperature trends. [Table 12, Figures 18 and 19, Section 4.4.2]

6. The duration of warm spells, of at least six days of high maximum temperatures, are likely to
increase sharply in the future under both RCP4.5 and RCP8.5 scenarios. This is in conjunction with
increasing temperature trends and increasing warm days of the future periods. [Table 12, Figure 20,
Section 4.4.2]

7. The duration of cold spells are likely to decrease in the future as indicated by the cold spell duration
index under both RCP4.5 and RCP8.5 which is in conjunction with increasing temperature trends
and decreasing cold days of the future periods. [Table 12, Figure 21, Section 4.4.2]

The study suggests that in general, the climate in all of Nepal will be significantly warmer and wetter in the
future, except for a decrease in precipitation during the pre-monsoon season. Indices of climate extremes
related to temperature and precipitation suggest that more extreme events are likely in the future. This

is expected to affect different developmental sectors, such as water, disaster management, energy,
biodiversity, agriculture, health, urban planning and livelihoods. A better understanding of these changes
will help to design better adaptation strategies, and implement them in a more sustainable manner.
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1. INTRODUCTION

1.1. Background of the NAP Process

The Government of Nepal has recognhized climate change adaptation as fundamental to safeguarding
vulnerable communities, ecosystems, and relevant sectors. To address this challenge, Nepal prepared the
National Adaptation Programme of Action (NAPA) in September 2010 as a way of addressing the impacts
made by climate change. Nepal also prepared the National Framework on Local Adaptation Plans of Action
(LAPA) to implement adaptation actions at the local level and to ensure integration of climate change
adaptation into every level of the national planning process. The National Adaptation Process (NAP) has
been initiated in Nepal as mandated by the Conference of the Parties to the United Nations Framework
Convention on Climate Change at its Sixteenth Session (COP 16), which will build on the experiences of
preparing and implementing NAPAs. The conference of the parties to the UNFCCC at its 17th session
(COP17) held in Durban, South Africa issued the initial guidelines for the NAP formulation. As per its
mandate, the LDC Expert Group (LEG) prepared the NAP Technical Guidelines to provide guidance to Least
Developed Countries (LDCs) on the NAP formulation process.

The NAP intends to develop adaptation strategies needed to tackle the effects of climate change on
vulnerable communities and ecosystems. The NAP formulation process in Nepal is led by the Ministry of
Forests and Environment (MoFE) (Formarly Ministry of Population and Environment). The MoFE has engaged
seven Thematic Working Groups (TWGs) and two Cross-cutting Working Groups (CWGs), which cover the
major sectors sensitive to climate change.

The objective of the NAP process is to reduce vulnerability to the impacts of climate change by building
adaptive capacity and resilience. It seeks to facilitate a coherent integration of climate change adaptations
into new as well as existing policies, programmes and activities, giving particular and appropriate attention
to the processes and strategies of development planning within all relevant sectors and at all levels of
planning. Understanding the urgency of enhancing initiatives to address medium-term and long-term
adaptation needs, the Government of Nepal, Ministry of Forests and Environment (MoFE) - the focal point
for UNFCCC - launched the NAP formulation process in September 2015. This has paved the way to explore
supports, to promote wider participation and engagement of partners, and to involve professionals in the
NAP process (MoPE, 2016).

To understand the impacts of climate change on different sectors, the historical trends and future climate
scenarios of different climatic parameters need to be assessed. This assessment provides a basis to
design adaptation pathways based on the likely climate change trajectories under different climate and
socio-economic development scenarios. As climate change may affect different sectors in non-uniform
ways, a study of possible climate change scenarios, including future climate extremes, would be very useful
in quantifying risks including vulnerabilities in each sector. However, as the climate projections have a

large degree of uncertainty arising from different sources (such as representation of atmospheric process
by GCMs and future socio-economic and development pathways), understanding uncertainties of these
projections is essential for informed decision making by policy makers.

1.2. About this Study

The study used select GCMs from the Coupled Model Intercomparison Project Phase (CMIP 5) dataset
of the recent Fifth Assessment Report (ARS) of Intergovernmental Panel on Climate Change (IPCC). The
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GCMs were selected based on the skill of the models to represent the annual cycle of precipitation and
temperature in Nepal as well as their suitability in forecasting a range of possible changes based on climate
change indices.

The objective of this study is to analyze the climate change scenarios of Nepal in the medium-term and the
long-term periods, i.e., by 2030 and 2050 as defined by the NAP process. The specific objectives are:

i) to estimate the changes in precipitation and temperature patterns for the respective future periods in
districts and physiographic zones of Nepal at the annual and seasonal levels, and

ii) to analyze select climate extreme indices for two RCP scenarios in order to understand the magnitude of
changes in the respective future periods.

Climate Change Scenarios for Nepal [



2. CURRENT STATE OF CLIMATE CHANGE
STUDIES IN NEPAL

Climate change is a serious threat to Nepal. The impact of climate change has been observed in various
sectors, such as water, forestry, biodiversity, agriculture, and cryosphere. Impact on these sectors is very
likely to affect the livelihood of local communities. As suggested by IPCC (2013), climate-related changes,
such as variability in temperature, precipitation, and extreme weather events, can affect the environment
and a wide range of sectors, such as water, disaster risk reduction, agriculture, industry, as well as
recreational activities.

Temperature has been increasing in Nepal in the past few decades. The maximum temperature in Nepal
increased at a rate of 0.06 °C/year between 1978 and 1994, with higher rates at stations located at higher
altitudes. Warming in winter has been especially pronounced (Shrestha et al., 1999). Similarly, a decreasing
trend in cool days and cold nights and an increasing trend in warm nights has been observed (Baidya et

al., 2008). Studies carried out in various parts of Nepal and river basins also suggest similar direction of
changes. In the eastern Koshi river basin, maximum temperature has increased by 0.058 °C/year over the
last four decades (Nepal, 2016). Another study indicated that daily maximum temperature increased by

0.1 °C/decade on average between 1975 and 2010 and the minimum by 0.3 °C/decade (Shrestha et al.,
2017). In Karnali, both minimum and maximum temperatures were found to be increasing, and the increase
in pre-monsoon season was significantly higher with 0.08 °C/year (Khatiwada et al., 2016).

Regarding change in precipitation, however, there is still a lack of a clear trend. One study found that

there were no distinct trends in precipitation in the Nepal Himalayas between 1959 and 1994 (Shrestha
et al., 2000). Using data from 1961-2006, another study found an increasing trend in total and heavy
precipitation (Baidya et al., 2008). In the Gandaki river basin, the post-monsoon, pre-monsoon, and

winter rainfalls are reportedly decreasing at a significant rate in most of the basin, but monsoon rainfall is
increasing throughout the basin (Panthi et al., 2015). In the hill region, the annual rainfall is increasing, but
the trends for rainy days are unclear. In the eastern Koshi river basin, Nepal (2016) found an increasing
trend in annual precipitation at 22 of 36 stations and a decreasing trend at 14 stations, but the results
were significant at only three stations (two increasing and one decreasing). Similarly, Shrestha et al.
(2017) report that the frequency and intensity of weather extremes are increasing in the Koshi river basin.
Localized trends in precipitation in the Koshi catchment have also been detected, although the findings
lacked a basin-wide significance (Sharma et al., 2000). In the Karnali river basin, Khatiwada et al. (2016)
show that the average precipitation in the basin is heterogeneous, and the trend for most of the stations is
decreasing. The precipitation shows decreasing trend by 4.91 mm/year, i.e., around 10% on average.

A recent study by DHM Nepal (DHM, 2017) on observed climate trend analysis for the period of 1975-

2014 suggests a significant positive trend in annual maximum temperature data at the rate of 0.056 °C/
year. All Nepal minimum temperature trend is increasing at the rate of 0.02 °C/year, which is significant
during the monsoon season only. This study, too found the precipitation trends to be less clear. Only in a
few districts, the pre-monsoon and monsoon precipitations show significant upward trends, whereas pre-
monsoon precipitation shows a significant negative trend in the High Himalayan region. The number of
rainy days is increasing significantly mainly in the northwestern districts. Very wet and extremely wet days
are decreasing significantly, mainly in the northern districts. Trends in warm days and warm nights show
significant increase in the majority of the districts. Similarly, warm spell duration is increasing significantly in
the majority of the districts.
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Pre-monsoon precipitation is significantly increasing in the lowlands and the central Himalayan regions,
while monsoonal precipitation is increasing in middle mountains in the western region and central high
mountains (Karki et al., 2017). In contrast, post-monsoon precipitation is significantly decreasing across

all of Nepal, while winter precipitation is decreasing only in the western middle mountain region. The study
suggests that the intensification of different precipitation indices over distinct parts of the country indicates
region-specific risks of floods, landslides, and droughts.

The climate scenarios data based on GCM and Regional Climate Models (RCMs) also suggest a continuous
warming trend until the end of the century for the whole Himalayan region (Lutz et al., 2014), including
Nepal (NCVST, 2009; Nepal, 2016; Rajbhandari et al., 2016). Although a change in precipitation is highly
variable among the climate models, most of the models indicate an increase in precipitation towards

the end of the century. Table 1 shows the results from the climate change scenarios studies in Nepal of
selected basins. Overall, most of the studies suggest that the magnitude of change might vary depending
upon the climate models used, selection of data period, and methodological approach. These changes are
likely to affect hydrological regimes, water resources, and water-related hazards (floods and flash floods)

in the future. However, assessment and studies are available only on catchment basis and information
specific to the whole of Nepal based on AR5 of IPCC is still lacking.

Table 1: Climate change scenarios from previous studies

Study | Climate data | Study period Major findings Reference
area Reference | Future
Koshi 8 GCMs 1961-1990 | 2021-2050 | 5-25% increase in monsoon (Rajbhandari et al.,
river (RCP4.5 and precipitation. 2016)
basin RCP8.5)
Koshi PRECIS RCM | 2000-2010 | 2040-2050 | 14% increase in precipitation. | (Nepal, 2016)
river (A1B) 2086-2096 | 4 °C increase in temperature
basin by the end of the century.
Nepal |15 GCMs, 1970-1999 | 2030s, 3.0-6.3 °C, with a multi-model | (NCVST, 2009)
2 RCMs 2060s, mean of 4.7 °C, by the 2090s.
(A2,A1B,B2) 2090s +43 to +80 %, with a multi-
model mean of +8%, by the
2090s.
Koshi | 10 General |1971-2000 | 2011-2030 | Length of the wet and dry spell | (Agarwal, Babel, &
river Circulation (2020s), is expected to increase and Maskey, 2014)
basin Models (B1, 2046-2065 | decrease respectively.
A1B and (2055)s, Maximum number of days with
A2). 2080-2099 | heavy precipitation is expected
(2090s) to decrease during the 2020s.
For some variables, there
is no consensus between
GCMs about the direction of
changes.
Koshi 10 GCMs 1971-2000 | 2011-2030 | Increase in seasonal, annual (Agarwal et al., 2016)
river (B1, A1B (2020s), minimum and maximum
basin and A2) 2046-2065 | temperature throughout the
(2055)s, century.
2080-2099 | The increase in temperature
(2090s) is likely to be higher in the

mountains than in the plains.
The temperature of the coldest
day, coldest night, warmest
day and warmest night are
also expected to increase.
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Tama HADCM3 1960-1990 | 2010- The mean temperature is (Khadka, Babel,
Koshi (SRES A2 2019 projected to increase at a rate | Shrestha & Tripathi,
river and B2) and 2020- of 0.025 °C/year, while mean |2014)
basin CGCM3 for 2029 precipitation is projected to

(SRES A2 2030- increase at a rate of 5.6 mm/

and A1B 2039 year until 2050.

scenarios) 2040-

downloaded 2049

through 2050-

statistical 2059

downscaling
Tama MIROC- 1975-2004 | 2015- The minimum and maximum (Shrestha,
Koshi ESM, MRI- 2039 (the |temperature are projected to Bajracharya, & Babel,
river CGCM3, and 2030s), increase by 6.33 and 3.82°C |2016)
basin MPI-ESM-M 2040- respectively by 2100.

GCMs for 2069 (the | The projected precipitation

RCP4.5 and 2060s), varies from -8% to +25%.

RCP8.5 2070-

2099 (the
2090s)

Temperature has been increasing in Nepal in the past few decades. The maximum temperature in Nepal
increasing at the rate of 0.02 °C/year, which is significant during the monsoon season only. This study,
too found the precipitation trends to be less clear. Only in a few districts, the pre-monsoon and monsoon
precipitations show significant upward trends, whereas pre-monsoon precipitation shows a significant
negative trend in the High Himalayan region. The number of rainy days is increasing significantly mainly
in the northwestern districts. Very wet and extremely wet days are decreasing significantly, mainly in the
northern districts. Trends in warm days and warm nights show significant increase in the majority of the
districts. Similarly, warm spell duration is increasing significantly in the majority of the districts.
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3. METHODOLOGICAL APPROACH OF FUTURE
SCENARIOS ANALYSIS

Summary of the methodological approach

With the introduction of CMIP5 GCMs as a part of the IPCC Fifth Assessment Report, new GCM data with an
improved representation of climate processes are now available. Selecting relevant climate models from the
pool of approximately 100 GCMs and four RCPs for the area of interest is a challenging task. The selection
criteria could vary based on the objective of the study and subjects chosen. This section details the process
for selecting relevant GCMs. We used a three-step methodology for choosing the relevant models for

Nepal as suggested by Lutz et al. (2016), which considers: i) long-term changes in future precipitation and
temperature, ii) changes in future climatic extremes, and iii) the ability of the model to replicate annual
cycle of historic precipitation and temperature of Nepal. To understand the projected future changes in
Nepal for the NAP purpose, the models were selected for two Representative Concentration Pathways
(RCPs) — RCP4.5 and RCP8.5 — keeping in mind the uncertainties of the projected future changes. The
results are presented for a change in precipitation and temperature for districts and physiographic zones in
the medium-term period 2016-2045 and the long-term period 2036-2065, respectively corresponding with
the specifications of 2030s and 2050s by the NAP process. The future projection is provided in the range
suggested by RCP4.5 and RCP8.5 so that adaptation plans can be proposed with consideration of these
possible ranges of future changes. In addition, we also looked at the period of 2071-2100 to understand
how the climate might change by the end of the century. Select climate extreme indices were also analyzed
for the same time periods. The future climate scenarios are helpful in providing a range of projected climate
change and in proposing adaptation strategies for various sectors that might get affected.

A detailed description of the methods is provided below.

3.1. Representative Concentration Pathways

The IPCC Fifth Assessment Report has endorsed representative concentration pathways (RCPs) to project
global future climate scenarios. The four RCPs represent the possible trajectories of greenhouse gas
concentration depending on the level of future emissions. The four RCPs together span the range of
radiative forcing values for the year 2100 from 2.6 to 8.5 W/m? (Figure 1 and Table 2). Climate modellers
use the time series of future radiative forcing from the four RCPs for their experiments to produce climate
scenarios and related climate variables, such as precipitation and temperature (Moss et al., 2010). The four
selected RCPs were considered to be representative of the literature and included one mitigation scenario
(RCP2.6), two medium stabilization scenarios (RCP4.5 and RCP6), and one very high baseline emission
scenario (RCP8.5) (van Vuuren et al., 2011).

Table 2: Description and visualization of the four representative concentration pathways (RCPs)
(vanVuuren etal., 2011).

RCP8.5 Rising radiative forcing pathway leading to 8.5 W/m? (~1370 ppm CO,eq) by 2100

RCP6 Stabilization without overshoot pathway to 6 W/m? (~850 ppm CO,eq) at stabilization
after 2100

RCP4.5 Stabilization without overshoot pathway to 4.5 W/m? (~650 ppm CO,eq) at stabiliza-
tion after 2100

RCP2.6 Peak in radiative forcing at ~3 W/m? (~490 ppm CO_eq) before 2100 and then decline
(the selected pathway declines to 2.6 Wm? by 2100

A (limate Change Scenarios for Nepal



Figure 1: RCPs. Blue: RCP8.5, Black: RCP6, Red: As it is very difficult to pinpoint the exact future projections at
RCP4.5, Green: RCP2.6 (van Vuuren et al., 2011).  this moment, the four RCP scenarios provide a possible range
of future based on socio-economic development and policy
10- response.

3.2. Approaches to Scenarios Analysis

For the purpose of developing climate scenarios of Nepal,
64 we have used an ensemble approach of choosing four

GCMs, which provide a range of possible future scenarios
for RCP4.5 and RCP8.5 instead of pinpointing a change in

Radiative forcing (W/m?)

- just one future direction. While some approaches provide a
future change in a definite value (such as 2.5 °C by 2050), an

24 ensemble approach provides a possible range of change by
considering the chosen RCPs. This approach has been used

0 by Lutz (2016) to select representative climate models for the
Himalayan region.

-2

— T T T 1 To develop adaptation strategies, a robust information on
2000 2025 2050 2075 2100  future climate change is required. At the same time, the

adaptation options need to be flexible enough to account for
the uncertainties in climate projections. It is difficult to suggest what the future will look like at a certain
point of time, as it depends on socio-economic development, global climate change negotiations, as well
as national and international policies that can all affect the magnitude of greenhouse gases emission,
mitigation, and adaptation practices. Development of adaptation options and related plans need to
consider uncertainties and remain flexible. Ensemble approaches are, thus, the most prudent way of
projecting possible changes in the future.

3.3. Types of Climate Models and Downscaling

GCMs are used to simulate global atmospheric processes. These models are operated at a spatial
resolution ranging from approximately 100 to 250 kmZ2. 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 are further downscaled to a finer
resolution. Downscaling techniques can be divided into two groups: Dynamic downscaling and empirical-
statistical downscaling (Wilby and Wigley, 1997). Dynamic downscaling uses Regional Climate Models
(RCMs) where the GCM usually provides the boundary conditions for an RCM that has a nested domain
within the GCM domain and it operates at a resolution of 10-50 km?2. Empirical-statistical downscaling is
based on the statistical relationship between large-scale predictors (climate model data) and local-scale
observations (Fowler et al., 2007; Maraun et al., 2010; Wilby and Wigley, 1997).

Quantile mapping is one among many approaches in empirical-statistical downscaling (Bo et al., 2007;
Déqué, 2007; ThemeRl et al., 2011a), and it is based on the principle of comparing distributions of a
climatic variable in a dataset of historical observations and climate model control runs and subsequently
defining an error function to correct for biases for each quantile in the distribution. This error function

is applied to a future climate model run to correct future climate data. The approach can be based on
empirical or fitted probability distributions (Piani et al., 2010; Themefl et al., 2011b). The quantile mapping
was tested as a best performing method for mountainous region in Europe (Themefl et al., 2011a). This
study uses quantile mapping as applied by Themefil et al. (2011a) to downscale the GCMs data using
empirical probability distributions described in sections below.

3.4. Selection of Representative Concentration Pathways

We selected two ensembles containing four GCM runs from the CMIP5 database. One ensemble for the
medium stabilization scenarios RCP4.5 and the other for the very high radiative forcing scenario RCP8.5.
The mitigation scenario leading to a very low radiative forcing level (RCP2.6) was not included. It is unlikely
that this RCP can be met, as it requires an immediate drastic decline of emissions followed by ongoing

Climate Change Scenarios for Nepal []



carbon sequestration in the second half of the 21st century. By selecting RCP4.5 and RCP8.5, we cover the
possible range of radiative forcing resulting from RCP4.5, RCP6, and RCP8.5.

3.5. Reference Climate Dataset

For reference climate dataset, the dataset generated by Lutz and Immerzeel (2015) as a part of the
HI-AWARE project is used. The reference climate dataset is developed from the Watch Forcing Data ERA-
Interim (WFDEI) dataset (Weedon et al., 2014) which is based on the WATCH methodology (Weedon et al.,
2011), integrated with the ERA-Interim dataset (Dee et al., 2011). Precipitation in the WFDEI dataset is
bias-corrected using the Global Precipitation Climatology Centre (GPCC) dataset (Schneider et al., 2013).
In addition, precipitation data is corrected using observed glacier mass balance data according to the
methodology developed by (Immerzeel et al., 2015, 2012). The air temperature data is bias-corrected
with data from observed stations from the region. The raw daily mean air temperature from WFDEI dataset
is spatially interpolated from 50 km grid to 1 km spatial resolution vertical temperature lapse rate.
Precipitation data in WFDEI are interpolated from 50 km to 1 km grid by a cubic spline interpolation. This
dataset is one of the complete dataset (precipitation, maximum and minimum temperature) for a longer
period of time available for whole Nepal at a higher resolution (10 km grid) with a different level of bias
corrections. The detailed methodological approach is explained in (Lutz et al., 2016).

3.6. Selection of Climate Models

The number of GCMs available for climate change projections is rapidly increasing. For example, the

CMIP3 archive (Meehl et al., 2007), which was used for the IPCC Fourth Assessment Report (IPCC, 2007)
contains outputs from 25 different GCMs, whereas the CMIP5 archive (Taylor et al., 2012) — which was
used for the IPCC Fifth Assessment Report (IPCC, 2012) — contains outputs from 105 GCMs for RCP4.5
and 77 for RCP8.5. These GCMs often have multiple ensemble members, resulting in an even larger
number of available model runs. Consideration of all the models and ensemble members for downscaling
is challenging due to the limitation of computational and human resources. In practice, it is typical to select
one climate model or a small ensemble of climate models. The selection of representative models for the
region of interest can be based on multiple criteria.

For this study, we used an advanced envelop-based selection approach described by Lutz et al. (2016) to
select a representative ensemble of GCMs. This approach follows three steps as shown in Figure 2.

Figure 2: Climate model selection procedure (Lutz et al., 2016).

RCP 4.5: 105 GCM runs; RCP 8.5: 77 GCM runs
Step 1: Initial selection based on changes in mean air
temperature and annual precipitation sum

Remaining
RCP 4.5: 20 GCM runs; RCP 8.5: 20 GCM runs

Step 2: Refined selection based in projected changes
in four indicer for climatic extremes

Remaining
RCP 4.5: 8 GCM runs; RCP 8.5: 8 GCM runs

[ Initial pool of climate models

N/ N

Step 3: Final selection based on model skills in simulating
annual cycle of air tempaerature and precipitation

RCP 4.5: 4 GCM runs; RCP 8.5: 4 GCM runs

N N

Final model ensembles 1

UM (limate Change Scenarios for Nepal




3.6.1. Initial Selection Based on Changes  Figure 3: GCM grids covering the entire map Nepal (average annual
in Mean Air Temperature and Annual precipitation over Nepal from 1981-2010)
Precipitation Sum

The initial selection is based on the
range of projections of change in

mean air temperature (AT) and annual
precipitation sum (AP) between 1981-
2010 and 2036-2065 for the six GCMs
grid cells that cover the whole of Nepal
(Figure 3). The detailed description

of this process has been outlined by
(Lutz et al., 2016; Terink et al., 2017).
A short description is provided below.
For the model runs included in RCP4.5
and RCP8.5 separately, the 10th and
90th percentile values for AT and AP
are determined after resampling all
GCM data to the same 2.5°x2.5° grid
cell. These values represent the four L
corners of the spectrum of projections for 2 oo - 1000 a0d
temperature and precipitation change,

i.e. “cold and dry”, “cold and wet”, “warm

and dry,” and “warm and wet”. The proximity of the model runs to the 10th and 90th percentile values is
derived from the percentile rank scores of the model runs corresponding to their projections for AT and AP
with respect to the entire range of projections in the ensemble. The initial selection results in 5 model runs
x 4 corners = 20 model runs for each RCP (Figure 4).

1400 1600

Figure 4: Changes in mean air temperature and annual precipitation sum for RCP4.5 (left) and RCP8.5 (right) CMIP5 GCM
runs for Nepal. Models selected during step 1 are indicated with colored dots.
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3.6.2. Refined Selection Based on Projected Changes in Four Indices of Climatic Extremes

The number of model runs remaining after the initial selection process is further reduced during the refined
selection. In this step, the model runs are evaluated for their projections of changes in climatic extremes.
Models with monthly time steps are ignored as the downscaling process of the model requires daily time
steps. The changes in climatic extremes for air temperature and precipitation were evaluated by considering
the changes in two ETCCDI indices for both air temperature and precipitation (Peterson, 2005). For
characterization of changes in air temperature extremes, changes in the warm spell duration index (WSDI)
and the cold spell duration index (CSDI) were analyzed. For characterization of changes in precipitation
extremes, the precipitation due to very wet days (R95pTOT) and the number of consecutive dry days (CDD)
were considered (Table 3).

Table 3: Description of ETCCDI indices used in step 2 of the climate model selection procedure

Meteorological ETCCDl index | Index description

variable

Precipitation RO5pTOT precipitation due to very wet days (> 95" percentile)

Precipitation CDD consecutive dry days: maximum length of a dry spell (P < 1 mm)

Air temperature | WSDI warm spell duration index: count of days in a span of at least six days
where TX > 90" percentile (TX, is the daily Tmax on day i in period j)

Air temperature | CSDI Cold spell duration index: count of days in a span of at least six days
where TN < 10" percentile (TN, is the daily Tmin on day i in period j

For the five models initially selected for each corner (Step 1), the two relevant indices are both ranked and
given scores 1 to 5. The model with the lowest change in the select extreme index is ranked 1 whereas
the model with the highest change is ranked 5. Based on the final score, the two models with the highest
scores are selected. As shown in Table 5, for example, in the cold and dry projection, the two relevant
indices are CSDI (for temperature) and CDD (for precipitation). Model CCSM4_r1il1p1 (RCP4.5) shows
68.3% decrease in CSDI giving it the highest rank of 5, whereas it shows 7.6 % increase in CDD giving it
the ranking of 4 within the 5 selected models for that projection (Table 4). Similarly, in the warm and wet
projection, the two relevant indices are WSDI (for temperature) and R95p (for precipitation). Here, model
CanESM2_r3il1p1 (RCP4.5) shows 263.4% increase in WSDI giving it the rank of 3, whereas it shows
58.4 % increase in R95p giving it the ranking of 5 within the 5 selected models for that projection (Table
4). The combined score for each model is then calculated by averaging the P index rank and T index rank
scores. The models with the two highest combined scores are thus selected for the next step. For each RCP
in 4 corners, at least two models (8 in total) are selected. These models are validated to historic climate
reference product in the next step.

3.6.3. Final Selection Based on Model’s Skill in Simulating the Annual Cycle of Air Temperature and
Precipitation

The final selection of the models is based on how well the climate models represent historic precipitation
and temperature cycles. For this, HI-AWARE climate reference dataset is used (Lutz and Immerzeel, 2015).
For precipitation sum, the bias between the GCM run and the reference dataset is calculated on annual
basis and for the summer monsoon season (June-September). As about 80% of the precipitation falls
during the monsoon season in Nepal, monsoon bias will outweigh other biases originating in other periods.
For mean air temperature, the annual, summer and winter bias is used. The biases for precipitation are
expressed as a percentage and the biases for air temperature are expressed as degrees Celsius. As shown
in Table 5, for all the models selected from the previous steps, biases in precipitation and temperatures are
calculated for the reference period of each model with a reference period of HI-AWARE climate reference
dataset (Lutz and Immerzeel, 2015).
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In Table 5, for example, in cold and dry projection, for the GFDL-ESM2M_rli1pl model (RCP8.5) the

bias in total annual and monsoon precipitation is 11.3% and 12.2% respectively, whereas the biases in
average annual temperature, monsoon temperature, and winter temperature are O °C, 0.7 °C, and 0.3 °C
respectively. Similarly, in warm and wet projection, for the CanESM2_r5i1p1 model (RCP8.5) the biases in
total annual and monsoon precipitation are 38% and 40.5% respectively, whereas the biases in average
annual temperature, monsoon temperature, and winter temperature are 3.5 °C, 1.8 °C, and 4.7 °C
respectively. After calculating the biases for selected models from Step 2, the values are normalized (each
bias value expressed as a fraction of the

largest bias value) within the ensemble for Figure 5: lllustrative example of GCM signal downscaling by
both RCP4.5 and 8.5 separately. The bias Quantile Mapping for one grid cell. Upper panel: All daily
score for each model is then calculated observations and GCM control run values for days for April

by averaging the P bias score and T bias during the control period (1981-2010). Middle panel: Empirical
score (Table 5). Finally, a combined score cumulative distribution functions (ECDF) constructed for

is calculated by summing the resulting observations and GCM control run values in the upper panel.

two values. Four models with the lowest
combined bias score are thus chosen
each for RCP4.5 and RCP8.5. In this way,
four models representing four corners of

Lower panel: Future daily temperature for 2060 April as from
raw GCM input and corresponding corrected downscaled values.

the spectrum of projections for RCP4.5 Daily Mean Temperature Values April 1981-2010
and RCP8.5 are chosen. 30
25
3.7. Climate Model Downscaling 2
Among the different statistical downscaling eE LS
approaches, quantile mapping (QM) method -

has been found to be the most reliable in the
mountainous region (Theme Rl et al., 2011b).
Quantile mapping approach has already been
applied in catchment scales in the central
Himalayas (Immerzeel et al., 2013). Because
of its robustness and good performance in ECDF for Mean Temperature April 1981-2010
the mountainous areas, quantile mapping 30

approach has been selected to downscale the
climate change scenarios for the purpose of
the NAP process in Nepal. 20

0
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e TOBS  ====Tcontrol(GCM)

Quantile mapping is applied on a daily
basis. The GCM data are compared with 10 o TOsE
observed reference dataset to estimate the

. . .. . 5 — (GCM
bias. The bias information is then applied to s
i 0
the future_dataset to create bias cprrected 5 & R R B e W e B
dataset. Figure 5 below shows an illustrated Ho: of Observations

example of QM methodology. For a detailed
description, readers are suggested to refer to
Lutz et al. (2016) and Terink et al. (2017).

25
Figure 5 shows an example of the quantile —\/_\/_/«_/J\"/\-
mapping methodology for one of the selected  %°

grids of reference dataset and corresponding
GCM grid. The upper panel shows all the
daily temperature observations in April 0 e Tyurure GCM
during 1981-2010. For both distributions,
an empirical cumulative distribution function
(ECDF) has been constructed (middle panel). 0
With both ECDFs, the correction function can
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be determined to correct GCM values from the future run to downscaled values (lower panel). If for example,
the GCM future run projects T =20 °C on 15 April 2060 (lower panel), then this value can be looked up in
the ecdf from the GCM values in the control run (middle panel) and the corresponding value from the ecdf
for observations can be determined (e.g. T = 23 °C). Thus, the downscaled value will be 23°C (lower panel).
This is done for all daily values.

For the purposed study, the downscaling procedure is as follows:
1) GCM runs for the reference period (1981-2010) are resampled and smoothed.

2) Time series for a given month is developed for both observed dataset and GCM. Bias is calculated for the
GCM dataset from the reference period.

3) The bias calculated from Step 2 is applied over the whole period of the GCM (1981-2100) in order to
develop downscaled GCM dataset.

3.8. Uncertainty Analysis

Climate projection is bound to have certain levels of uncertainties due to representation of atmospheric
processes and future socio-economic development pathways, although efforts continues to reduce the
uncertainties. Understanding uncertainty in climate change projections is very important for informed
decision making. To develop any adaptation plans, uncertainties in precipitation and temperature have to
be taken into account. As suggested by IPCC (2007), some indication of uncertainty in the projections can
be obtained by comparing the responses among models. The range and ensemble standard deviation are
used as a measure of uncertainty in modelled response. Agreement between multiple models can be a
source of information in an uncertainty assessment. In addition, according to the AR5 of IPCC (2013), the
ensemble mean is a useful quantity to characterize the average response to external forcings, but does not
convey information on the robustness of this response across models, its uncertainty and likelihood or its
magnitude related to unforced climatic variability.

The climate change projections in this report are based on ensembles of 8 representative GCMs selected
using the advanced envelop-based selection approach described by Lutz et al. (2016). Uncertainty analysis
for projections of precipitation and temperature in this report are calculated based on the following
approaches:

1) Agreement on decrease or increase in the change of climatic variables among multiple models compared
to the reference period.

2) The uncertainty range is estimated by ensemble standard deviation and coefficient of variation among
the models.

3) The uncertainties are represented by the inter-quantile range among the models for RCP4.5 and RCP8.5.

3.9. Future Climate Extremes

The global climate change can affect a number of components of the hydrological system, such as
precipitation and temperature patterns and its magnitude, including extremes. The changes in the
parameters can affect different sectors such as water resources, energy, and biodiversity. Many studies
have suggested that extreme weather events are likely to be more frequent, which poses a serious threat to
the livelihoods of the people living in the Himalayan region (IPCC, 2012). Information about future climatic
extremes can help to better understand the risks in different sectors and design adaptation practices for
different thematic areas. Statistically, extremes are considered low-probability events differing greatly from
typical occurrences. The IPCC defines extremes as 1-10% of the largest or smallest values of a distribution
(Trenberth et al., 2007).
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The joint CCl/CLIVAR/JCOMM Expert Team (ET) on Climate Change Detection and Indices (ETCCDI) has
identified 27 core indices (11 for precipitation and 16 for temperature) for the study of extreme climate
events (Alexander et al., 2006). The NAP process has 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 have been selected as they represent most important climate change indicators in Nepal.
These extreme indices for the historic period are available in DHM (2017). Table 6 shows the definition of
these indices along with their dimension. A number of studies have used indices suggested by ETCCDI
(Donat et al., 2013; You et al., 2011), including in Nepal (Manandhar et al., 2012; Rajbhandari et al., 2017).

Table 6: Eleven selected climate indices for the NAP

SN Indices Definition

1 Very wet days (P95) Annual total days when the precipitation is higher than 95 percentile

2 Extreme wet days Annual total days when the precipitation is higher than 99 percentile
(P99)

3 Number of rainy days Annual total days when the precipitation is > 1 mm

4 Consecutive dry days Maximum length of consecutive days with daily precipitation < 1mm

5 Consecutive wet days Maximum length of consecutive days with daily precipitation >1mm

6 Warm days Percentage of days when maximum temperature >90th percentile

7 Warm nights Percentage of days when minimum temperature >90th percentile

8 Cold days Percentage of days when maximum temperature <10th percentile

9 Cold nights Percentage of days when minimum temperature <10th percentile

10 Warm spell Annual count of days with at least 6 consecutive days when maximum
duration index temperature > 90th percentile

11 Cold spell duration Index | Annual count of days with at least 6 consecutive days when minimum

temperature < 10th percentile
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4. FUTURE CLIMATE SCENARIOS OF NEPAL

By applying the model selection and downscaling approach as described in previous sections, climate
scenarios for temperature (mean, maximum, and minimum) and precipitation were developed for the whole
of Nepal at 10 km resolution. The climate scenarios are prepared by comparing two future periods with

the reference period 1981-2010. The average annual mean temperature and annual precipitation for the
2030s as medium-term period were calculated by taking the average of future period from 2016-2045.
Similarly, for the period representing the 2050s as long-term period, average of future period from 2036-
2065 were taken. Additional scenarios representing the end of the century (2071-2100) were also carried
out. The future scenarios for precipitation and temperature were carried out at the annual and seasonal
level for 77 districts and five physiographic divisions.

Figure 6 shows the average annual precipitation and average annual mean temperature during the
reference period (1981-2010). There is a spatial variability of precipitation distribution in which the eastern
and central part receive higher precipitation.

Figure 6: Average annual values for precipitation (left) and mean temperature (right) during the reference period
(1981-2010)

Average of Annual Precipitation for reference period (1981-2010) of Mean Ti

p for ref period (1981-2010)
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As shown in Table 7, about 77% of the precipitation falls during the monsoon season. The mean
temperature data suggests that the average mean temperature is 12°C. The average winter mean
temperature is 4.6 °C and the average summer mean temperature is 17.7 °C. The lower elevation areas are

warmer than the mountains.

Table 7: Average precipitation and mean temperature of Nepal for different seasons during the reference period
(1981-2010).

Seasons Average precipitation Mean temperature
mm % (°C)
Winter (Dec-Feb) 84 5 4.6
Pre-monsoon (Mar-May) 232 13 12.5
Monsoon (Jun-Sep) 1418 77 17.7
Post-monsoon (Oct-Nov) 96 5 11.4
Annual 1830 100 12.1

4.1. Temperature Scenarios

Figure 7: Projected changes in average annual mean temperature between the reference period (1981-2010) and the
medium-term (2016-2045) and the long-term (2036-2065) periods for RCP4.5 and RCP8.5 model ensembles

RCP4.5 Mean AT (°C) 2016-2045 vs 1981-2010 RCP4.5 Mean AT (°C) 2036-2065 vs 1981-2010

RCP8.5 Mean AT (°C) 2016-2045 vs 1981-2010 RCP8.5 Mean AT (°C) 2036-2065 vs 1981-2010

AT (°C)
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Figure 7 shows projected changes in average annual mean temperature of the two future periods with
respect to the reference period. The upper panel shows the changes for RCP4.5 in the medium-term (left)
and long-term period (right) as compared with the reference period (1981-2010). In the medium-term
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period, the average annual mean temperature change is projected to increase by 0.92 °C, whereas, in

the long-term period, it is likely to increase by 1.72 °C in average. However, there is a spatial variation of
projected changes in which the western region is likely to increase than the eastern. There is a slightly
higher temperature trend in the high mountains than other regions in both the medium-term and long-term
scenarios. The lower panel of Figure 7 shows the projected changes for RCP8.5 in the medium-term (left)
and long-term scenarios (right). In the medium-term period, the average temperature change is projected
to be 1.07 °C warmer whereas, in the long-term period, it is likely to be 1.82 °C warmer in average. In
general, RCP8.5 will be warmer than RCP4.5 for both periods. Table 8 shows the average change in value
for different physiographic zones.

4.2. Precipitation scenarios

Figure 8 shows projected changes in average annual precipitation (in %) based on ensemble mean of select
4 GCMs between the reference period and the two future periods. The upper panel shows the changes for
RCP4.5 in the medium-term (left) and the long-term periods (right) compared with the reference period
(1981-2010). In the medium-term period, the average annual precipitation change is projected to increase
by 2.1%, whereas, in the long-term period, it is likely to increase by 7.9%. However, there is a spatial
variation of projected changes in which the central and western regions are likely to be wetter than the
eastern. The lower panel of Figure 8 shows the projected changes for RCP8.5 in the medium-term (left) and
the long-term periods (right). In general, the RCP8.5 will be wetter by 6.4% in the medium-term period and
12.1% in the long-term period. Precipitation is likely to increase in the central and western parts in both the
short-term and the long-term periods. In both scenarios, the eastern part is subject to lower increase, which
is mainly due to the fact that the precipitation volume is the highest in the eastern part as monsoon enters

Figure 8: Projected changes in average annual precipitation from the reference period (1981-2010) to the medium-
term (2016-2045) and the long-term (2036-2065) periods for RCP4.5 and RCP8.5 model ensembles.

RCP4.5 Mean AP (%) 2016-2045 vs 1981-2010 RCP4.5 Mean AP (%) 2036-2065 vs 1981-2010

RCP8.5 Mean AP (%) 2016-2045 vs 1981-2010 RCP8.5 Mean AP (%) 2036-2065 vs 1981-2010
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from the eastern region (Figure 6). The change in % value may be low, but the overall precipitation volume is
high compared to other regions. The average annual change in precipitation for two future periods and two
RCPs for 77 districts are provided in Table 1 of the Annex.

Table 8 shows the average change in precipitation and temperature for the whole of Nepal based on
ensemble mean of select 4 GCMs. It shows that the precipitation is likely to increase in the range of
2.1to 7.9 % for RCP4.5 and 6.4 to 12.1% for RCP8.5 with respect to the reference period. Similarly, the
temperature may increase in the range of 0.92 to 1.3 °C for RCP4.5 and 1.07 to 1.82 °C for RCP8.5

with respect to the reference period by the middle of the century. The average annual change in mean
temperature for two future periods and two RCPs for 77 districts are provided in Table 2 of the Annex. For
the end of the century scenarios, both precipitation and temperature is likely to increase by 23% and
3.58 °C respectively.

Table 8: Multi-model ensemble mean of change in precipitation and temperature in the medium-term and the long-
term periods for the whole of Nepal

RCP4.5 RCP8.5
Time Period 2016- 2036- 2071- 2016- 2036- 2071-
2045 2065 2100 2045 2065 2100
Change in precipitation (%) 2.1 7.9 10.7 6.4 12.1 23.0
Change in temperature (°C) 0.92 1.3 1.72 1.07 1.82 3.58

Table 9 shows a change in average annual precipitation and mean temperature for different physiographic
zones. The changes in precipitation are higher in the high mountains than other regions for most of the
periods. The high mountains also seem to be warming at a higher rate than the rest of the regions of Nepal
except Terai and Siwalik in RCP8.5. Similarly, Table 10 shows the change in precipitation and temperature
for different seasons. In the medium-term period, the pre-monsoon precipitation is expected to decrease
for both RCP4.5 and RCP8.5. The winter precipitation is projected to decrease for RCP4.5 but increase for
RCP8.5. Monsoon precipitation is projected to increase for both RCPs. In the long-term period, almost all
seasons indicate an increase in precipitation, except the pre-monsoon for RCP8.5. Maximum precipitation
increase is observed during the post-monsoon season followed by the monsoon season.

Table 9: Multi-model ensemble mean of change in precipitation and temperature in the medium-term and the long-
term period for different regions of Nepal

RCP4.5 RCP8.5

Time Period 2016-2045 | 2036-2065 |2071-2100 |2016-2045 |2036-2065 |2071-2100
Change in precipitation (%)

High Mountain 2.6 9.5 12.6 8.0 14.4 25.1
Middle Mountain 1.7 7.6 10.3 6.3 12.4 21.7
Hill 2.1 7.2 9.9 5.8 11.2 22.6
Siwalik 1.6 7.4 9.9 5.8 111 21.9
Terai 2.1 7.3 10.2 54 10.6 22.7
Change in temperature (°C)

High Mountain 0.95 1.36 1.79 1.09 1.86 3.61
Middle Mountain 0.89 1.27 1.66 1.04 1.76 3.44
Hill 0.9 1.26 1.69 1.06 1.8 3.56
Siwalik 0.94 1.29 1.72 1.1 1.87 3.66
Terai 0.93 1.29 1.73 1.11 1.87 3.69
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The end of the century period also suggests an increase in precipitation for all seasons except the pre-
monsoon season. Similarly, the temperature is projected to increase in all seasons. The maximum increase
is in the post-monsoon season followed by the winter season in both the medium-term and the long-term
periods. The end of the century period also suggests a continuous increase in temperature for all seasons.

Table 10: Multi-model ensemble mean of change in precipitation and temperature in the medium-term and the long-
term periods for different seasons

Time period RCP4.5 RCP8.5

2016-2045 | 2036-2065 | 2071-2100 | 2016-2045 | 2036-2065 | 2071-2100
Change in precipitation (%)
Winter -5.8 13.6 24.4 7.2 5.0 20.9
Pre-monsoon -5.0 -7.4 -7.8 -4.0 4.2 3.1
Monsoon 2.7 9.4 12.4 7.8 13.6 271
Post-monsoon 18.6 20.3 16.5 6.0 19.0 22.9
Change in temperature (°C)
Winter 1.0 1.5 2.1 1.2 2.0 4.0
Pre-monsoon 0.7 1.0 1.2 1.0 1.6 34
Monsoon 0.8 1.1 1.4 0.8 1.5 3.0
Post-monsoon 1.3 1.8 2.5 1.4 2.4 4.5

4.3. Uncertainty Analysis in Precipitation and Temperature

Four models for RCP4.5 and RCP8.5 were used for the climate scenarios for the medium-term and the
long term periods. These models have a large degree of uncertainty and variability arising from different
assumptions of physical processes and socio-economic development pathways. In this section, uncertainty

analysis of select GCMs for temperature and precipitation are described.

Figure 9 shows the multi-model ensemble of precipitation and temperature for RCP4.5 and RCP8.5 from
1981 to 2065. In the left figure, a slight increase in average annual precipitation can be seen throughout
the period. The magnitude of change is higher in RCP8.5 compared to RCP4.5 which is also indicated in
Table 8. In the right figure, there is a continuous increase in temperature until 2065, with higher magnitude
in RCP8.5 than RCP4.5. However, the variability among the model projections is larger for both RCPs in
precipitation than in temperature (Figure 9 and Table 11). This can be perceived by the higher value of

Figure 9: Multi-model ensemble of precipitation and temperature under RCP4.5 (blue) and RCP8.5 (red) for the period
of 1981-2065. The colored band represents the standard deviation resulting from the select GCMs. The black
line represents the reference period.
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the coefficient of variation in precipitation than in temperature in Table 11. For example, the coefficient of
variation among the models for precipitation in the medium-term period is 303% for RCP4.5 and 78% for
RCP8.5 suggesting that the range of projected changes in precipitation is large where the changes vary
from -3.6 to 11.2%. In case of temperature, the co-efficient of variation among the models in the medium-
term period is 32% where the changes varies from 0.62 to 1.25 °C. Here, in the case of precipitation, having
a higher coefficient for variation for RCP4.5 than for RCP8.5 means that there is a less agreement between
the models in RCP4.5 than RCP8.5.

Table 11 shows that all GCMs indicate an increase in values in future periods compared to the reference
period for temperature for both RCPs. However, for precipitation, 5 out of 8 models show an increase for the
medium-term period and 7 out of 8 models show an increase for the long-term period. This suggests that
these models show higher agreement for future projections for temperature than precipitation as shown by
co-efficient of variation.

Table 11: Change in precipitation and temperature for selected individual GCMs

RCPs Models Change in precipitation (%) Change in temperature (°C)
Medium-term | Long-term | Medium-term | Long-term

RCP4.5 bce-csm1-1_rcpd5_rlilpl 6.3 19.4 0.69 0.96
CanESM2_rcp45_r2ilpl 9.1 11.3 1.18 1.49
GFDL-ESM2M_rcp45_rlilpl -3.2 -0.3 0.62 0.93
MIROC-ESM-CHEM_rcp45_ -3.6 0.3 1.18 1.80
rlilpl

RCP8.5 bce-csm1-1_rcp85_rlilpl 6.6 20.2 0.76 1.29
CanESM2_rcp85_rbilpl 11.2 15.9 1.25 212
GFDL-ESM2M_rcp85_rlilpl 71 6.0 0.79 1.31
MIROC-ESM-CHEM_rcp85_ -0.3 4.9 1.49 2.57
rlilpl

Average 4.2 9.7 1.0 1.6

Standard deviation 5.7 8.2 0.3 0.6

Co-efficient of variation 137% 84% 32% 37%

Similarly, Figure 10 shows the box-and-whisker plots for inter-model agreement on the projected change in
precipitation and temperature. The inter-quantile range is higher in RCP8.5 than RCP4.5 for temperature
but is smaller in RCP8.5 than in RCP4.5 for precipitation. Moreover, the inter-quantile range is larger for
precipitation than for temperature. This also suggests higher variability among models in precipitation than
in temperature.

Figure 10: Projected change in precipitation (%) and temperature (°C) for medium-term and long-term periods for
RCP4.5 (blue) and RCP8.5 (red)
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4.4, Climatic Extreme Indices

4.4.1. Precipitation Extreme Indices

This section describes the change in five extreme precipitation indices that are selected as the major
climate change indicators for Nepal (Table 6). The change in the future periods are determined by first
calculating the average of annual values for the reference period and two future periods. Then the changes
are calculated by finding the difference for the short-term and long term periods from the reference period
as the percentage of the reference period value.

Figure 11: Projected changes (%) in P95 days from the reference period (1981-2010) to the medium-term (2016-2045)
and the long-term (2036-2065) periods for RCP4.5 and RCP8.5 model ensembles

% Change in P95 for RCP 4.5 2016-2045 vs 1981-2010 % Change in P95 for RCP 4.5 2036-2065 vs 1981-2010

% Change in P95 for RCP 8.5 2016-2045 vs 1981-2010 % Change in P95 for RCP 8.5 2036-2065 vs 1981-2010

Figure 11 and Table 11 show the percentage change in annual total days when the precipitation is higher
than 95 percentile (P95), indicating very wet (rainy) days for the medium-term and the long-term periods

of RCP4.5 and RCP8.5. In the reference period, the number of mean annual very wet days are 18.1 in

total. In the medium-term period, the very wet days are likely to increase in the eastern and central regions
(in RCP4.5) and in the western and central regions (in RCP8.5). Overall, the increase is about 1.5% (0.3
days) for RCP4.5 and about 12.1% (2.2 days) for RCP8.5. In the long-term period, the increase is mostly
concentrated around the central region. The projected increase is about 12% (2.2 days) for RCP4.5 and
18.6% (3.4 days) for RCP8.5. The average % change in P95 days for two future periods and two RCPs for 77
districts are provided in Table 3.1 of the Annex.
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Figure 12: Projected changes (%) in P99 days from the reference period (1981-2010) to the medium-term period
(2016-2045) and the long-term period (2036-2065) for RCP4.5 and RCP8.5 model ensembles

% Change in P99 for RCP 4.5 2016-2045 vs 1981-2010 % Change in P99 for RCP 4.5 2036-2065 vs 1981-2010

% Change in P99 for RCP 8.5 2036-2065 vs 1981-2010

Figure 12 and Table 12 show that the percentage change in annual total days when the precipitation is
higher than 99 percentile (P99), indicating extremely wet (rainy) days for the medium-term and the long-
term periods of RCP4.5 and RCP8.5. In the reference period, the number of mean annual extremely rainy
days are 3.5 in total. In the medium-term period, the extremely wet days are likely to increase over the
whole of Nepal. Overall, the increase is about 26.3% (0.9 days) for RCP4.5 and about 28% (1 day) for
RCP8.5. In the long-term period, the increase is visible across Nepal, with the highest increase in central
region for both scenarios. The projected increase is about 41.3% (1.4 days) for RCP4.5 and 59.8% (2.1
days) for RCP8.5. An increase in P95 and P99 days (Figure 9 and Figure 10) signifies the increased
likelihood of extreme events in both the medium-term and the long-term periods, which implies that flash
floods and other water-induced hazards like landslides and soil erosion might occur more frequently. The
average % change in P99 days for two future periods and two RCPs for 77 districts are provided in Table 3.2
of the Annex.
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Table 12: Percentage change in precipitation and temperature indices in the medium-term and the long-term periods

Indices No.of mean | RCP4.5 RCP8.5
annual
daysin the | Medium-term Long-term Medium-term Long-term
reference % Days % Days % Days % Days
period
P95 18.1 1.5 0.3 12 2.2 121 | 2.2 18.6 3.4
P99 3.5 26.3 0.9 41.3 1.4 28 1.0 59.8 21
Rainy days 166.4 -1.8 -3 -1 -1.7 -0.9 -1.6 -0.5 -0.8
CDD 45.3 6 2.7 24 11 -1.6 -0.7 -2.9 -1.3
CWD 78.1 4.2 -3.3 -1.3 -1 3.1 2.5 2.2 1.7
Warm days 36.5 64.5 23.9 87.3 32.3 714 |26.4 124.7 |46.1
Warm nights 36.5 81.4 30.5 115.7 |43.3 101.0 | 37.8 159.2 |59.6
Cold days 36.5 -42 -15.4 |-526 |-19.3 |-55.8 |-20.5 -75 -27.5
Cold nights 36.5 -40.7 -15 -53.5 [-19.7 |-54.1 |-19.9 -74 -27.3
Warm spell 17.6 110 19.3 149 26.2 1574 | 27.6 244.8 |43
duration index
Cold spell 20.3 -51.8 -10.5 |-63.9 |-129 |-55.1 |-11.2 -73.3 -14.8
duration index
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Figure 13: Projected changes (%) in number of rainy days from the reference period (1981-2010) to the medium-term
(2016-2045) and the long-term periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles

% Change in rainydays for RCP 4.5 2016-2045 vs 1981-2010 % Change in rainydays for RCP 4.5 2036-2065 vs 1981-2010

% Change in rainydays for RCP 8.5 2016-2045 vs 1981-2010 % Change in rainydays for RCP 8.5 2036-2065 vs 1981-2010

Figure 13 and Table 12 show that the percentage change in the number of rainy days (>1mm) for the
medium-term and the long-term periods of RCP4.5 and RCP8.5. In the reference period, the number of
mean annual rainy days are 166.4 days in total. In the future periods, the number of rainy days is likely to
decrease all over Nepal. In the medium-term period, the decrease in the number of rainy days is about 1.8%
(3 days) for RCP4.5 and about 0.9% (1.6 days) for RCP8.5. During the long-term period, the decrease in the
number of rainy days is about 1% (1.7 days) for RCP4.5 and about 0.5% (0.8 days) for RCP8.5. The average
% change in number of rainy days for two future periods and two RCPs for 77 districts are provided in Table

3.3 of the Annex.
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Figure 14: Projected changes (%) in consecutive dry days from the reference period (1981-2010) to the medium-term
(2016-2045) and the long-term periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles.

% Change in CDD for RCP 4.5 2016-2045 vs 1981-2010 % Change in CDD for RCP 4.5 2036-2065 vs 1981-2010

% Change in CDD for RCP 8.5 2016-2045 vs 1981-2010 % Change in CDD for RCP 8.5 2036-2065 vs 1981-2010

% change

Figure 14 shows the percentage change in consecutive dry days (CDD) when the total daily precipitation is
lower than 1 mm for the medium-term and long-term periods of RCP4.5 and RCP8.5. In the medium-term
period, CDD is likely to increase in the whole of Nepal for RCP4.5, whereas it may slightly decrease for
RCP8.5. In the reference period, the number of mean annual consecutive dry days are 45.3 in total. Overall,
CDDs are likely to increase by 6% (2.7 days) for RCP4.5 and decreased by 1.6% (0.7 days) for RCP8.5

as compared to the reference period. In long-term period, CDD is likely to increase by 2.4% (1.1 days) for
RCP4.5 and decreased by 2.9% (1.3 days) for RCP8.5, as shown in Table 12. The average % change in CDD
for two future periods and two RCPs for 77 districts are provided in Table 3.4 of the Annex.
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Figure 15: Projected changes (%) in consecutive wet days from the reference period (1981-2010) to the medium-term
(2016-2045) and the long-term periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles.

% Change in CWD for RCP 4.5 2016-2045 vs 1981-2010 % Change in CWD for RCP 4.5 2036-2065 vs 1981-2010

% change

Figure 15 shows the percentage change in consecutive wet days (CWD) when the total daily precipitation is
greater than 1 mm for the medium-term and the long-term periods of RCP4.5 and RCP8.5. In the reference
period, the number of mean annual consecutive wet days are 78.1 in total. In contrast to CDD, CWD is
likely to decrease in the medium-term and the long-term periods of RCP4.5, however, it is increased for
RCP8.5. In the medium-term period, CWD is likely to decrease in the whole of Nepal by 4.2% (3.3 days) for
RCP4.5 and increase by 3.1% (2.5 days) for RCP8.5. In long-term period, CWD is likely to decrease by 1.3%
(1 days) for RCP4.5 and increase by 2.2% (1.7 days) for RCP8.5, as shown in Table 12. An increase in CWD
in the long-term period of RCP8.5 might be associated with the increase in precipitation amount in RCP8.5
(compared to 4.5) (Figure 8). The average % change in CWD for two future periods and two RCPs for 77
districts are provided in Table 3.5 of the Annex.
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4.4.2, Temperature Extreme Indices

The ensemble of 4 GCMs each for RCP4.5 and RCP8.5 suggest that temperature rise will be in the range
of 1.3 °C to 1.82 °C (Table 8) for the medium-term and the long-term periods. This section describes the
change in six temperature indices (Table 6).

Figure 16: Projected changes (%) in warm days from the reference period (1981-2010) to the medium-term
(2016-2045) and the long-term periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles.

% Change in Warmday for RCP 4.5 2016-2045 vs 1981-2010 % Change in Warmday for RCP 4.5 2036-2065 vs 1981-2010

% Change in Warmday for RCP 8.5 2016-2045 vs 1981-2010

Figure 16 shows the percentage change in warm days when the maximum temperature is higher than the
90th percentile of the reference maximum temperature for the medium-term and long-term periods of
RCP4.5 and RCP8.5. In the reference period, the number of mean annual warm days are 36.5 in total. In
the medium-term period, warm days are likely to increase across Nepal, with the eastern part registering an
increase by a higher magnitude. The warm days will increase by 64.5% (23.9 days) for RCP4.5 and by 71.4%
(26.4 days) for RCP8.5. In the long-term period, the eastern part of Nepal (Figure 16, lower right panel) will
be affected more by the increase in temperature, as the increase is expected to be 87.3% (32.3 days) and
124.7% (46.1 days) for RCP4.5 and RCP8.5 respectively, as shown in Table 12. The increase in warm days
can be attributed to the overall rise in temperature in the future periods. The average % change in warm
days for two future periods and two RCPs for 77 districts are provided in Table 4.1 of the Annex.
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Figure 17: Projected changes (%) in warm nights from the reference period (1981-2010) to the medium-term
(2016-2045) and the long-term future periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles

% Change in W. ghts for RCP 4.5 2016-2045 vs 1981-2010 % Change in W ghts for RCP 4.5 2036-2065 vs 1981-2010
B

Figure 17 and Table 12 show the percentage change in warm nights when the minimum temperature is
higher than the 90th percentile of the reference minimum temperature for the medium-term and the long-
term periods of RCP4.5 and RCP8.5. In the reference period, the number of mean annual warm nights are
36.5 in total. In the medium-term period, warm nights are likely to increase across Nepal, with the eastern
part and the lower elevation areas showing a higher magnitude of increase. The warm nights will increase
by 81.4% (30.5 days) for RCP4.5 and by 101% (37.8 days) for RCP8.5. Warm nights are likely to increase
across Nepal in the long-term period as well, with the lower elevation areas registering an increase of a
higher magnitude than the hills and mountains. Warm nights are likely to increase by 115.7% (43.3 days)
for RCP4.5 and by 159.2% (59.6 days) for RCP8.5. The increase in warm nights can be attributed to the rise
in the minimum temperature in the future. The average % change in warm nights for two future periods and
two RCPs for 77 districts are provided in Table 4.2 of the Annex.
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Figure 18: Projected changes (%) in cold days from the reference period (1981-2010) to the medium-term (2016-2045)
and the long-term future periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles

% Change fn Colddeys for P 4.5 2016:2045 ve 1901-2010,

% Change in Colddays for RCP 8.5 2016-2045 vs 1981-2010

% Change in Colddays for RCP 4.5 2036-2065 vs 1981-2010

% Change in Colddays for RCP 8.5 2036-2065 vs 1981-2010
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Figure 18 and Table 12 show the percentage change in cold days when the maximum temperature is
lower than the 10th percentile of the reference maximum temperature for the medium-term and long-term
periods of RCP4.5 and RCP8.5. In the reference period, the number of mean annual cold days are 36.5

in total. In the medium-term period, cold days seem to be decreasing with a higher magnitude in RCP8.5
than in RCP4.5. Cold days may decrease by 42% (15.4 days) for RCP4.5 and by 55.8% (20.5 days) for 8.5.
In the long-term period, cold days seem to be decreasing across Nepal, with a higher magnitude of change
in the western region than in the eastern. Cold days are likely to decrease by 52.6% (19.3 days) for RCP4.5
and by 75% (27.5 days) for RCP8.5. The decrease in cold days might be associated with the increase in
temperature as shown in Table 7. The average % change in cold days for two future periods and two RCPs
for 77 districts are provided in Table 4.3 of the Annex.
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Figure 19: Projected changes (%) in cold nights from the reference period (1981-2010) to the medium-term
(2016-2045) and the long-term periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles

% Change in Coldnights for RCP 4.5 2016-2045 vs 1981-2010 % Change in Coldnights for RCP 4.5 2036-2065 vs 1961-2010

% Change in Coldnights for RCP 8.5 2016-2045 vs 1981-2010 % Change in Coldnights for RCP 8.5 2036-2065 vs 1981-2010
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Figure 19 and Table 12 show the percentage change in cold nights when the minimum temperature is
lower than the 10th percentile of the reference minimum temperature for the medium-term and the long-
term scenarios of RCP4.5 and RCP8.5. In the reference period, the number of mean annual cold nights are
36.5 in total. In the medium-term period, cold nights seem to be decreasing in both RCP4.5 and 8.5, with
a higher magnitude in the western part than in the eastern. Overall, cold nights are likely to decrease by
40.7% (15 days) for RCP4.5 and by 54.1% (19.9 days) for RCP8.5. In the long-term period, cold days seem
to be decreasing across Nepal, with a higher magnitude of change registered in the western part. Overall,
cold nights are likely to decrease by 53.5% (19.7 days) for RCP4.5 and by 74% (27.3 days) for RCP8.5. The
decrease in cold nights might be associated with the increase in temperature as shown in Table 7. The
average % change in warm nights for two future periods and two RCPs for 77 districts are provided in Table
4.4 of the Annex.
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Figure 20: Projected changes (%) in warm spell duration index from the reference period (1981-2010) to the medium-
term (2016-2045) and the long-term periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles.

% Change in Warmspell for RCP 4.5 2016-2045 vs 1981-2010 % Change in Warmspell for RCP 4.5 2036-2065 vs 1981-2010

% Change in Wi for RCP 8.5 2016-2045 vs 1981-2010

% change

Figure 20 and Table 12 show the percentage change in warm spell duration index (WSDI) for RCP4.5 and
RCP8.5 scenarios when the daily maximum temperature is higher than the 90th percentile of the maximum
temperature of the reference period for at least six consecutive days. In the reference period, the number
of mean annual days when maximum temperature was higher than 90th percentile for six or more days are
17.6 in total. In the medium-term period, warm spell is likely to increase across Nepal in both scenarios,
although the magnitude of increase is higher in the central and the eastern parts in RCP8.5. On average,
increase in WSDI is expected to be 110% (19.3 days) for RCP4.5 and 157% (27.6 days) for RCP8.5. WSDI

is likely to increase across Nepal in the long-term period as well, with a higher magnitude of increase in

the eastern part similar to the medium-term period. On average, WSDI is expected to have increased by
149% (26.2 days) for RCP4.5 and by 245% (43 days) for RCP8.5 in long-term period. In both scenarios

and periods, warm spell is likely to hit the eastern part severely. WSDI figures in Nepal show the most
conspicuous change among the extreme indices for the scenarios under consideration, as the range of
increase is between 50-500 % with respect to the reference period. The surge in the warm spell might be
associated with the increase in the average temperature, as indicated in Table 7. The average % change in
WSDI for two future periods and two RCPs for 77 districts are provided in Table 4.5 of the Annex.
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Figure 21: Projected changes (%) in cold spell duration index from the reference period (1981-2010) to the medium-
term (2016-2045) and the long-term periods (2036-2065) for RCP4.5 and RCP8.5 model ensembles.

% Change in Coldspell for RCP 4.5 2016-2045 vs 1981-2010 %% Change in C pell for RCP 4.5 2036-2065 vs 1981-2010

% Change in Coldspell for RCP 8.5 2036-2065 vs 1981-2010

Figure 21 and Table 12 show the percentage change in cold spell duration index (CSDI) for RCP4.5 and
RCP8.5 scenarios when the minimum temperature is lower than the 10th percentile of the minimum
temperature of the reference period for at least six consecutive days. In the reference period, the number
of mean annual days when minimum temperature was lower than 10th percentile for six or more days

are 20.3 days in total. In the medium-term period, cold spells are likely to decrease across Nepal except
for a few patches of increase in the eastern part. The decrease is most prominent in the western part. On
average, a decrease in CSDI is expected to be 52% (10.5 days) for RCP4.5 and 55% (11.2 days) for RCP8.5.
CSDl is likely to decrease across Nepal in the long-term period as well, except for a few patches of increase
in the eastern part. The magnitude of increase is seen to be higher in the western part. On average, CSDI
is expected to have decreased by 64% (12.9 days) for RCP4.5 and by 73% (14.8 days) for RCP8.5. The
average % change in CSDI for two future periods and two RCPs for 77 districts are provided in Table 4.6 of
the Annex.
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5. SUMMARY

Trends over 1975-2005 indicate that Nepal has been warming by about 0.6 degrees Celsius (°C) per
decade, at least three times as high as the global average. How the climate will evolve in the future will
crucially affect communities, ecosystems, livelihoods, and key sectors such as agriculture, water, and
energy.

This study provides information about temperature and precipitation patterns in the medium term (2016-
45) and long-term (2036-65). It used select Global Circulation Models (GCMs) from the CMIP5 dataset

of the IPCC’s Fifth Assessment Report (AR5) to provide results of the climate scenarios for Nepal in the
medium-term and long-term. It shows results that are similar to previous studies that examined changes
in temperature and rainfall in the future. However, its projections about the magnitude of change might be
different from theirs, depending upon the choice of GCMs and selection methodology. .

It indicates a range of possible changes in the future, based on 11 indices of climate extremes, six indices
pertaining to temperature and five for precipitation. Two possible concentration pathways, RCP4.5 and
RCP8.5, based on different socioeconomic developmental trajectories, were chosen to identify extreme
scenarios of the future. These scenarios were analysed for the medium-term (2016-2045) and the long-
term (2036-2065) periods, corresponding with the 2030s and the 2050s respectively, as laid out by the
National Adaptation Plan process.

This report provides detailed information about changes in annual precipitation and temperature patterns
for the respective periods in all districts and physiographic zones at the annual and seasonal level (see
Annexures, p 39 onwards). Second, the selected indices of climatic extremes were analysed to understand
the magnitude of change in the future. Such information would be crucial in designing region- or ecosystem-
specific adaptation plans and strategies for different districts of Nepal.

The key findings of the study are presented below. The crux of its findings is that the climate in Nepal will be
warmer and wetter by mid-century, and those trends can continue to 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.

¢ Average annual mean temperature will continue to rise, by about 0.9-1.1 °C in the medium-term
period and 1.3-1.8 °C in the long-term period.

* Winter and post-monsoon temperatures will increase at a higher rate than in other seasons for
both future periods and RCPs.

* The rise in temperature will be sharper in the high mountains than in areas at lower elevations.
This finding is consistent with elevation-dependent warming found in already observed data.

¢ Future projections have a large degree of uncertainty. The uncertainty in temperature is smaller
than precipitation. Additionally, all models agree about increases in temperature in the future while
there is variability among the models. Most models show increase in precipitation, few models
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also show a decrease in precipitation. Collectively, these results suggest that temperature-related
changes are more certain than precipitation.

¢ Extreme events might become more frequent in the future.

¢ Extremely wet days (P99) and very wet days (P95) are likely to increase in the future, compared
to the reference period.

e The number of rainy days will decrease under both RCP scenarios, with a higher rate in the
medium-term than in the long-term.

¢ The number of warm days and warm nights will increase consistently in the future. The number
of warm days might increase in the range of 2.3-3.9 days in the medium-term period. The number
of warm nights is also likely to increase in the future, in the range of up to 5 days in the long-term
period.

e Cold days and cold nights will decrease mainly due to the increase in average temperature in the
future. Cold days might decrease up to 2.4 days and cold nights might decrease by 2.3 days in the
long-term period.

¢ Warm spells will likely increase substantially in the future, by 19-27 days in the medium-term
period, and by 26-43 days in the long-term period.

e Cold spells might decrease substantially in the future, by 10-11 days in the medium-term period,
and by 13-15 days in the long-term period.

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. Extreme climatic
events, especially related to temperature, are likely to be more frequent and more severe. As stated, these
changes would have a serious impact on different sectors, such as water, energy, biodiversity, agriculture,
and livelihoods.

It must be pointed out that there is still a large uncertainty in the projection of future climate trends due to
a number of factors. The scientific understanding of atmospheric processes, especially in the Himalayan
region, is still limited. Future developmental pathways that the world will embrace are uncertain; they
depend on many socioeconomic decisions, energy choices, and the political discourse around climate
negotiations for the global reduction of greenhouse gases and their compliance. Countries have already
formed agreements to reduce greenhouse gas emissions, such as the 2016 Paris Agreement to check the
rise in global average temperature to well below 2 °C above pre-industrial levels, and further, to pursue
efforts to limit the temperature increase to 1.5 °C. Such goals would lead to changes in socioeconomic
development pathways in the future. Therefore, the results of this assessment should be taken as
indicative, rather than absolute, while designing adaptation options and strategies, and the uncertainties
should not be ignored. Having said that, this study’s indicative results capture a wide range of future
climate variability, and would be extremely pertinent in helping policy makers design appropriate adaptation
plans and strategies for the years to come. In other words, the underlying uncertainties should always be
considered while designing adaptation plans.
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1. Change in Precipitation (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference Period | RCP4.5 RCP8.5
(mm) 2016-2045 | 2036-2065 2016-2045 | 2036-2065

1 Achham 1581 0.29 8.08 6.62 14.06
2 Arghakhanchi 1898 1.9 8.73 7.03 11.65
3 Baglung 2145 3.31 10.41 9.12 14.49
4 Baitadi 1786 0.05 7.86 6.44 14.07
5 Bajhang 1625 0.87 8.97 6.78 14.4
6 Bajura 1473 0.57 8.47 6.53 14.03
7 Banke 1498 1.66 8.64 6.42 12.69
8 Bara 1717 2.21 9.54 7.05 11.41
9 Bardiya 1551 1.15 9.33 7.33 14.53
10 Bhaktapur 2106 2.28 7.97 6.51 10.58
11 Bhojpur 1891 2.27 3.32 2.28 6.87
12 Chitwan 1974 0.41 6.92 4,72 7.69
13 Dadeldhura 1702 0.07 8.04 6.39 14.25
14 Dailekh 1532 -0.11 7.33 6.37 13.31
15 Dang 1619 11 7.62 6.7 12.36
16 Darchula 1801 0.53 8.67 6.55 13.98
17 Dhading 2060 2.51 8.37 6.8 10.82
18 Dhankuta 1916 2.79 3.34 2.24 6.92
19 Dhanusa 1529 5.16 7.26 5.89 10.9
20 Dolakha 2188 3.55 6.15 4.82 10.48
21 Dolpa 1359 3.21 11.55 10.14 17.04
22 Doti 1716 0.22 8.05 6.58 14.05
23 Eastern Rukum 1822 1.69 9.15 8.55 15.38
24 Gorkha 1971 2.87 9.23 8.08 12.84
25 Gulmi 2089 2.85 9.36 1.74 12.05
26 Humla 1546 0.68 8.65 6.96 14.19
27 llam 2458 3.51 3.77 2.07 741
28 Jajarkot 1793 -0.09 7.08 6.04 12.59
29 Jhapa 2450 3.18 3.72 1.82 6.54
30 Jumla 1896 -0.32 6.91 5.99 12.26
31 Kailali 1673 0.08 8.21 7.05 14.19
32 Kalikot 1575 -0.16 7.23 5.98 12.9
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33 Kanchanpur 1625 -0.2 8.1 6.15 14.27
34 Kapilbastu 1735 0.05 7.55 6.19 10.03
35 Kaski 2437 34 10.66 9.47 14.63
36 Kathmandu 2094 2.33 8.03 6.35 104
37 Kavre 2038 3.31 7.87 6.33 11.63
38 Khotang 1717 2.88 4.07 3.01 7.67
39 Lalitpur 2056 1.97 79 6.1 10.38
40 Lamjung 2255 3.13 9.88 8.69 13.38
41 Mahottari 1550 5.51 8.95 71 12.62
42 Makwanpur 1958 1.62 8.16 6.15 10.2
43 Manang 1721 3.03 10.59 9.49 15.29
44 Morang 2015 2.88 3.53 2.12 6.49
45 Mugu 1466 0.09 1.7 7.03 13.26
46 Mustang 1126 3.67 12.28 10.18 16.6
a7 Myagdi 2053 3.48 11.18 9.91 16.09
48 Nawalpur 1997 0.54 744 5.43 8.47
49 Nuwakot 2069 3.01 8.48 6.6 10.79
50 Okhaldhunga 1780 3.52 4.78 3.86 9.14
51 Palpa 2118 1.58 8.34 6.34 9.8
52 Panchthar 2235 3.52 3.68 2.21 7.79
53 Parasi 1997 0.54 7.44 5.43 8.47
54 Parbat 2410 3.32 10.12 8.69 13.02
55 Parsa 1743 1.39 8.81 6.34 10.08
56 Pyuthan 1847 2.62 9.3 8.37 13.78
57 Ramechhap 1987 3.61 5.41 4.47 10.03
58 Rasuwa 2054 4.33 9.6 791 13.09
59 Rautahat 1649 2.64 9.68 6.73 11.21
60 Rolpa 1764 2.1 8.91 8.3 14.53
61 Rupandehi 1825 0.23 7.48 5.56 8.85
62 Salyan 1614 0.77 773 6.35 12.93
63 Sankhuwasabha 2721 2.1 3.42 2.22 713
64 Saptari 1567 3.26 4.57 3.76 7.87
65 Sarlahi 1639 4.17 9.83 6.87 12.27
66 Sindhuli 1768 4.63 7.53 6.06 11.87
67 Sindhupalchok 2241 4.42 8.92 6.86 12.32
68 Siraha 1521 4.46 5.86 4.87 9.45
69 Solukhumbu 2180 2.84 4.96 3.76 8.87
70 Sunsari 1773 2.49 3.58 2.68 6.59
71 Surkhet 1602 0.11 7.87 6.89 13.96
72 Syangja 2401 2.97 9.52 7.8 11.54
73 Tanahu 2319 2.5 8.86 6.91 10.4
74 Taplejung 2607 3.45 4.31 2.68 8.32
75 Tehrathum 2064 3 3.27 1.99 7.23
76 Udayapur 1653 3.37 4.58 3.55 7.93
77 Western Rukum 1822 1.69 9.15 8.55 15.38
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2. Change in Temperature (°C) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference Period (°C) | RCP4.5 RCP8.5
2016-2045 | 2036-2065 | 2016-2045 | 2036-2065

1 Achham 14.9 0.98 1.4 1.11 1.88
2 Arghakhanchi 19.7 1.02 1.37 1.14 1.97
3 Baglung 121 0.92 1.32 1.03 1.82
4 Baitadi 14.4 1.01 1.43 1.15 1.94
5 Bajhang 2.7 0.97 1.38 11 1.85
6 Bajura 4.7 0.95 1.35 1.08 1.81
7 Banke 24.6 1.09 1.47 1.21 2.06
8 Bara 25.1 0.86 1.16 1.06 1.77
9 Bardiya 24.5 1.07 1.51 1.2 2.04
10 Bhaktapur 16.4 0.84 1.15 1.01 1.7
11 Bhojpur 14.8 0.77 1.11 0.97 1.64
12 Chitwan 23.6 0.87 1.16 1.05 1.78
13 Dadeldhura 17.7 1.05 1.49 1.19 2.01
14 Dailekh 15 0.96 1.38 1.1 1.85
15 Dang 22.8 1.03 1.37 1.16 1.97
16 Darchula 4 0.99 1.41 1.13 1.9
17 Dhading 15.5 0.88 1.23 1.02 1.77
18 Dhankuta 17.2 0.79 1.13 0.99 1.68
19 Dhanusa 24.4 0.87 1.24 1.08 1.83
20 Dolakha 6.5 0.82 1.15 1 1.68
21 Dolpa 2.7 0.97 1.4 1.09 1.89
22 Doti 14 1.01 1.44 1.15 1.94
23 Eastern Rukum 9 0.93 1.34 1.07 1.82
24 Gorkha 5.7 0.88 1.25 0.99 1.74
25 Gulmi 17.3 0.97 1.35 1.09 1.92
26 Humla -3 1.05 1.5 1.21 2.01
27 llam 16.9 0.79 1.13 0.99 1.66
28 Jajarkot 10 0.93 1.32 1.07 1.79
29 Jhapa 24.2 0.83 1.18 1.03 1.74
30 Jumla 2.3 0.92 1.32 1.06 1.78
31 Kailali 22.9 1.06 1.51 1.19 2.01
32 Kalikot 7.6 0.93 1.33 1.07 1.79
33 Kanchanpur 24.6 1.09 1.53 1.24 2.09
34 Kapilbastu 25.1 0.96 1.26 1.11 1.89
35 Kaski 9 0.86 1.25 0.97 1.72
36 Kathmandu 16.5 0.86 1.18 1.02 1.73
37 Kavre 16.3 0.82 1.13 1.02 1.71
38 Khotang 15.9 0.79 113 0.99 1.67
39 Lalitpur 14.9 0.81 1.1 1.01 1.68
40 Lamjung 11.1 0.85 1.23 0.96 1.7
41 Mahottari 24.5 0.87 1.22 1.09 1.83
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42 Makwanpur 20.7 0.83 1.13 1.03 1.73
43 Manang -3.6 0.88 1.29 0.99 1.75
44 Morang 23.2 0.84 1.2 1.04 1.76
45 Mugu 0 0.99 1.42 1.14 1.91
46 Mustang 2.4 0.94 1.37 1.06 1.86
47 Myagdi 4.9 0.87 1.28 0.98 1.74
48 Nawalpur 23.4 0.9 1.2 1.07 1.84
49 Nuwakot 16.5 0.88 1.22 1.02 1.76
50 Okhaldhunga 14.6 0.79 1.14 1 1.68
51 Palpa 19.7 0.96 1.3 1.1 1.91
52 Panchthar 14.3 0.77 1.11 0.98 1.64
53 Parasi 23.4 0.9 1.2 1.07 1.84
54 Parbat 16.5 0.91 1.28 1.02 1.81
55 Parsa 25 0.86 1.15 1.06 1.78
56 Pyuthan 17.7 1.01 1.39 1.13 1.96
57 Ramechhap 10.6 0.81 1.16 1.01 1.71
58 Rasuwa 0.7 0.88 1.26 1 1.74
59 Rautahat 25.2 0.85 1.16 1.05 1.76
60 Rolpa 14.3 0.98 1.38 1.11 1.9

61 Rupandehi 24.7 0.92 1.23 1.1 1.89
62 Salyan 18.4 0.99 1.4 1.12 1.91
63 Sankhuwasabha 73 0.8 1.14 1 1.68
64 Saptari 24 0.85 1.22 1.06 1.79
65 Sarlahi 24.7 0.85 1.17 1.06 1.77
66 Sindhuli 19.7 0.83 1.17 1.04 1.75
67 Sindhupalchok 7.8 0.85 1.2 1.01 1.72
68 Siraha 24.2 0.86 1.23 1.07 1.8

69 Solukhumbu 1.7 0.82 1.16 1.01 1.69
70 Sunsari 23.4 0.83 1.19 1.04 1.75
71 Surkhet 191 1 1.42 1.13 1.91
72 Syangja 19.3 0.93 1.29 1.05 1.85
73 Tanahu 21.3 0.91 1.25 1.04 1.82
74 Taplejung 2.5 0.84 1.19 1.04 1.74
75 Tehrathum 15.4 0.77 1.11 0.98 1.64
76 Udayapur 19.9 0.81 1.17 1.02 1.72
77 Western Rukum 9 0.93 1.34 1.07 1.82
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3 Change in Precipitation Indices

3.1. Change in Very Wet Days (P95) (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) | 2016-2045 2036-2065 | 2016-2045 | 2036-2065

1 Achham 17.6 -3.72 8.52 10.91 15.61
2 Arghakhanchi 18.4 1.90 14.11 13.21 19.14
3 Baglung 18.2 4.54 19.47 16.66 23.71
4 Baitadi 17.5 -3.74 9.10 11.06 14.88
5 Bajhang 17.8 -3.85 9.13 10.80 14.50
6 Bajura 18 -3.86 8.61 10.22 14.89
7 Banke 18.5 1.73 9.64 9.91 13.72
8 Bara 18.6 1.74 12.96 8.61 13.17
9 Bardiya 18.1 -2.07 10.63 10.44 14.59
10 Bhaktapur 18.6 3.26 13.42 9.61 17.67
11 Bhojpur 18.3 3.20 5.48 9.25 17.11
12 Chitwan 18.3 -1.36 11.75 5.95 10.43
13 Dadeldhura 17.7 -3.70 9.29 11.20 15.27
14 Dailekh 17.8 -3.61 9.10 11.84 16.39
15 Dang 18.4 -1.88 10.12 11.64 15.98
16 Darchula 17.7 -3.16 9.78 10.61 14.74
17 Dhading 18.3 4.52 17.23 13.55 20.45
18 Dhankuta 18.1 3.43 5.59 9.56 17.84
19 Dhanusa 18.2 2.78 6.41 9.39 16.86
20 Dolakha 18.1 5.74 10.57 10.92 20.16
21 Dolpa 18 4.45 18.26 18.26 25.38
22 Doti 17.7 -3.42 9.07 11.40 15.86
23 Eastern Rukum 17.9 0.94 13.71 17.43 22.57
24 Gorkha 18.4 5.46 19.99 15.66 24.74
25 Gulmi 18.4 3.74 16.64 13.70 19.78
26 Humla 18 -3.53 9.64 10.93 16.43
27 llam 18.1 4.45 6.52 9.65 18.00
28 Jajarkot 17.9 -3.27 9.98 12.22 17.20
29 Jhapa 18.4 3.73 6.52 9.17 17.63
30 Jumla 18 -3.84 9.24 11.75 17.53
31 Kailali 18 -2.83 10.03 11.72 16.68
32 Kalikot 17.9 -4.08 8.15 10.14 15.34
33 Kanchanpur 17.9 -3.76 9.72 11.37 16.06
34 Kapilbastu 18.5 -0.89 11.67 8.90 14.53
35 Kaski 18.1 5.00 20.42 16.28 24.84
36 Kathmandu 18.5 3.37 14.06 11.17 18.78
37 Kavre 18.3 3.82 11.72 8.72 17.05
38 Khotang 18.1 3.32 5.42 9.32 16.51
39 Lalitpur 18.9 2.58 12.27 8.61 14.63
40 Lamjung 18.2 5.00 20.01 14.90 24.07
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41 Mahottari 18.3 3.28 9.04 9.47 16.78
42 Makwanpur 18.5 1.61 12.40 8.22 12.98
43 Manang 18.2 6.05 21.27 17.50 27.28
44 Morang 18.5 2.96 6.06 9.75 17.69
45 Mugu 18 -1.62 11.51 12.86 18.97
46 Mustang 18 6.25 21.42 18.51 27.31
47 Myagdi 18.1 5.27 21.31 19.35 26.89
48 Nawalpur 18.4 -0.84 12.29 742 11.58
49 Nuwakot 18.3 5.78 17.23 14.71 22.58
50 Okhaldhunga 18 4.26 6.48 8.96 16.92
51 Palpa 18.6 0.81 13.94 10.29 14.75
52 Panchthar 18.1 4.76 6.72 10.57 19.36
53 Parasi 18.4 -0.84 12.29 742 11.58
54 Parbat 18.2 412 17.88 13.78 20.54
55 Parsa 18.4 -0.50 11.72 6.47 10.39
56 Pyuthan 18.2 3.07 15.12 15.34 21.24
57 Ramechhap 18.1 4.59 7.95 9.88 18.27
58 Rasuwa 18.1 11.53 22.78 19.15 29.21
59 Rautahat 18.5 2.18 12.78 8.74 13.96
60 Rolpa 18 1.28 13.55 16.88 22.21
61 Rupandehi 18.4 -1.08 12.61 8.19 12.31
62 Salyan 18 -1.49 9.88 13.28 17.09
63 Sankhuwasabha 18.3 4.43 8.71 10.44 18.80
64 Saptari 18.4 2.36 5.17 8.69 15.66
65 Sarlahi 18.4 3.17 11.46 8.72 15.46
66 Sindhuli 18.2 3.72 8.41 9.61 17.16
67 Sindhupalchok 18.2 743 16.39 13.81 24.42
68 Siraha 18.2 2.55 5.35 8.94 15.92
69 Solukhumbu 18 5.76 9.94 10.93 19.45
70 Sunsari 18.4 2.55 5.26 9.38 16.92
71 Surkhet 17.9 -2.82 9.77 11.92 16.30
72 Syangja 18.1 3.22 16.37 12.32 18.29
73 Tanahu 18.1 2.30 15.99 11.07 17.08
74 Taplejung 18.1 5.97 9.63 11.01 20.67
75 Tehrathum 17.9 4.35 6.32 10.38 19.37
76 Udayapur 18.1 2.86 5.16 9.39 16.19
77 Western Rukum 17.9 0.94 13.71 17.43 22.57
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3.2. Change in Extreme Wet Days (P99) (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) |2016-2045 |2036-2065 |2016-2045 | 2036-2065

1 Achham 3.6 17.37 40.30 25.95 54.95
2 Arghakhanchi 35 26.06 49.47 41.39 68.46
3 Baglung 3.6 29.56 49.11 36.58 70.52
4 Baitadi 3.4 19.67 41.49 25.31 59.87
5 Bajhang 3.6 19.81 39.57 23.63 56.18
6 Bajura 3.8 16.27 35.37 23.50 53.78
7 Banke 3.3 25.82 55.04 31.28 64.23
8 Bara 3.2 29.41 37.42 25.31 53.12
9 Bardiya 3.4 20.11 45.52 27.68 57.05
10 Bhaktapur 3.2 28.34 40.03 25.24 55.42
11 Bhojpur 3.5 32.09 28.68 16.65 51.64
12 Chitwan 3.5 21.76 37.09 27.27 48.37
13 Dadeldhura 3.4 20.06 4212 25.41 60.66
14 Dailekh 3.6 15.81 39.58 25.24 54.60
15 Dang 35 22.08 50.28 34.92 65.51
16 Darchula 3.6 19.41 40.63 25.59 57.71
17 Dhading 35 29.16 47.30 31.67 65.53
18 Dhankuta 3.4 33.74 30.91 20.18 53.96
19 Dhanusa 3 33.83 31.97 24.06 59.64
20 Dolakha 3.4 29.77 38.31 21.13 60.67
21 Dolpa 3.6 28.07 49.42 38.33 67.85
22 Doti 3.5 19.78 42.34 23.80 56.13
23 Eastern Rukum 3.7 21.65 44.82 33.71 63.30
24 Gorkha 3.5 31.55 51.62 33.16 69.91
25 Gulmi 3.5 27.96 49.58 37.80 69.09
26 Humla 3.8 15.50 34.40 21.19 48.90
27 llam 3.3 38.72 33.50 25.47 54.81
28 Jajarkot 3.7 16.58 39.22 24.85 54.84
29 Jhapa 3.2 38.87 34.64 26.43 58.81
30 Jumla 3.7 14.73 35.68 24.08 53.92
31 Kailali 3.4 18.31 42.12 25.37 55.65
32 Kalikot 3.9 12.71 33.26 22.42 50.88
33 Kanchanpur 3.2 20.01 39.97 22.52 61.21
34 Kapilbastu 35 19.72 41.28 40.58 56.92
35 Kaski 35 31.59 51.49 36.98 73.52
36 Kathmandu 3.3 29.73 42.65 27.50 57.76
37 Kavre 3.2 27.81 35.70 23.66 56.36
38 Khotang 3.4 31.53 27.91 16.84 52.14
39 Lalitpur 3.3 24.21 33.58 20.55 50.23
40 Lamjung 3.6 31.79 51.06 35.68 72.48
41 Mahottari 3.1 32.57 33.62 27.56 61.20
42 Makwanpur 3.3 24.98 35.70 22.19 49.75
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43 Manang 3.5 32.09 53.15 31.67 68.09
44 Morang 3.3 33.94 31.81 23.73 57.08
45 Mugu 3.8 17.26 37.59 25.26 51.49
46 Mustang 3.5 31.60 54.33 36.89 70.56
47 Myagdi 3.5 29.66 49.73 35.86 72.92
48 Nawalpur 34 21.36 38.10 30.22 50.37
49 Nuwakot 34 34.31 53.65 32.68 68.96
50 Okhaldhunga 34 31.37 28.58 16.94 53.56
51 Palpa 3.4 26.49 46.31 35.30 59.65
52 Panchthar 3.5 38.37 33.74 25.98 54.89
53 Parasi 34 21.36 38.10 30.22 50.37
54 Parbat 34 30.62 51.68 38.07 71.28
55 Parsa 34 25.04 35.60 25.56 47.95
56 Pyuthan 3.8 26.43 49.05 39.49 70.28
57 Ramechhap 3.3 31.04 32.95 19.38 57.24
58 Rasuwa 3.4 35.62 57.55 31.62 76.24
59 Rautahat 3.1 31.53 38.96 27.07 55.85
60 Rolpa 3.7 24.04 48.11 34.31 65.80
61 Rupandehi 3.5 18.94 33.88 30.78 47.67
62 Salyan 3.5 21.86 46.76 27.64 59.72
63 Sankhuwasabha 3.6 33.72 34.44 19.85 57.92
64 Saptari 34 33.47 30.53 22.50 57.08
65 Sarlahi 3 30.69 36.47 29.01 60.08
66 Sindhuli 3.2 30.98 31.76 22.82 58.66
67 Sindhupalchok 3.4 32.41 50.62 28.97 68.91
68 Siraha 31 33.58 30.70 21.70 57.10
69 Solukhumbu 34 32.02 37.73 20.83 58.65
70 Sunsari 3.3 32.97 31.21 22.35 55.82
71 Surkhet 3.6 18.48 42.16 27.24 56.45
72 Syangja 33 29.16 51.81 37.59 67.99
73 Tanahu 3.4 27.45 49.72 36.62 64.10
74 Taplejung 3.7 36.99 36.25 29.55 60.71
75 Tehrathum 3.6 37.23 33.84 23.79 55.99
76 Udayapur 3.3 31.60 28.21 19.11 54.44
77 Western Rukum 3.7 21.65 44.82 33.71 63.30
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3.3. Change in No. of Rainy Days (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) |2016-2045 |2036-2065 |2016-2045 | 2036-2065

1 Achham 146.1 2.07 -1.89 -1.03 -0.17
2 Arghakhanchi 150.1 -2.45 1.48 0.12 -0.13
3 Baglung 168.2 -1.44 -0.74 -0.43 0.08
4 Baitadi 150.2 -1.99 1.72 -0.93 -0.37
5 Bajhang 158.5 -1.99 -1.83 -1.04 -0.75
6 Bajura 157.7 -2.03 -1.81 1.12 -0.71
7 Banke 138.4 -2.01 -1.10 -0.40 0.15
8 Bara 147 -1.97 -0.64 -1.07 1.23
9 Bardiya 134.4 -2.05 -0.97 -0.22 0.75
10 Bhaktapur 168.3 -1.62 -1.05 1.14 -0.86
11 Bhojpur 185.3 1.15 -0.39 1.52 -0.89
12 Chitwan 156.4 -2.25 -1.17 -0.62 -0.86
13 Dadeldhura 140.9 2.22 1.67 -0.87 -0.18
14 Dailekh 149.4 -1.96 -1.61 -1.06 0.13
15 Dang 145 -2.07 1.23 -0.33 -0.29
16 Darchula 161 -1.90 -1.59 -0.86 -0.61
17 Dhading 175.2 -1.55 -0.80 -0.62 -0.53
18 Dhankuta 180.3 -0.78 -0.36 -1.87 -1.30
19 Dhanusa 153.3 -1.57 1.14 2.14 1.61
20 Dolakha 182.5 -1.08 -0.59 -1.58 -0.74
21 Dolpa 164.3 -2.32 -1.39 -0.80 -0.26
22 Doti 143.8 -2.06 -1.79 -0.89 -0.17
23 Eastern Rukum 161.2 -2.00 -1.25 -0.75 0.22
24 Gorkha 191.3 -1.50 -0.77 -0.36 -0.25
25 Gulmi 160.4 -1.90 -1.07 -0.34 -0.47
26 Humla 166.3 -2.66 -1.61 -0.79 -0.88
27 llam 189 1.1 -0.23 1.54 -0.79
28 Jajarkot 160 -1.98 -1.66 -1.09 -0.08
29 Jhapa 182.2 1.1 -0.55 1.76 -1.00
30 Jumla 169.7 1.81 -1.50 -1.10 -0.44
31 Kailali 136.2 -2.08 -1.39 -0.25 0.58
32 Kalikot 157.4 1.77 1.71 1.18 -0.33
33 Kanchanpur 132.8 -2.54 -1.33 -0.34 0.54
34 Kapilbastu 141.3 -2.91 -1.36 -0.45 -0.50
35 Kaski 189.4 -1.61 -0.82 -0.22 -0.04
36 Kathmandu 167.5 -1.55 -0.91 111 -0.78
37 Kavre 165.7 -1.79 -1.09 -1.69 -1.34
38 Khotang 174.4 -0.87 -0.31 -1.86 -1.40
39 Lalitpur 161.7 -1.85 -0.85 1.35 1.19
40 Lamjung 192 -1.63 -0.94 -0.38 -0.29
41 Mahottari 150.7 -1.70 111 -2.03 -1.46
42 Makwanpur 155.7 -1.91 -0.76 -0.96 -1.05
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43 Manang 189.1 -1.82 -0.94 -0.27 -0.10
44 Morang 173.8 -0.75 -0.52 -1.97 -1.34
45 Mugu 166.6 -2.35 -1.58 -0.91 -0.71
46 Mustang 163.2 -2.26 -0.97 -0.41 0.18

47 Myagdi 176.3 -1.73 -0.87 -0.34 0.20

48 Nawalpur 153.8 -2.25 -1.13 -0.42 -0.58
49 Nuwakot 174.2 -1.38 -0.84 -1.05 -0.75
50 Okhaldhunga 172.1 -0.79 -0.32 -1.85 -1.39
51 Palpa 158.2 -2.01 -1.16 -0.14 -0.21
52 Panchthar 193.3 -1.18 -0.24 -1.44 -0.78
53 Parasi 153.8 -2.25 -1.13 -0.42 -0.58
54 Parbat 179 -1.68 -1.02 -0.22 -0.14
55 Parsa 147 -2.05 -0.63 -0.95 -1.44
56 Pyuthan 152.7 -2.04 -1.12 -0.45 -0.25
57 Ramechhap 176 -1.04 -0.54 -1.77 -1.09
58 Rasuwa 188.9 -1.16 -0.34 -0.52 -0.37
59 Rautahat 147.2 -1.97 -0.84 -1.23 -1.19
60 Rolpa 153.9 -1.70 -1.05 -0.76 0.07

61 Rupandehi 143.9 -2.38 -0.96 -0.51 -0.53
62 Salyan 149.6 -1.66 -1.21 -0.75 0.34

63 Sankhuwasabha 216.4 -1.10 -0.17 -0.95 -0.22
64 Saptari 163.6 -1.07 -0.75 -2.31 -1.86
65 Sarlahi 148.9 -1.93 -1.20 -1.68 -1.35
66 Sindhuli 159 -1.43 -0.79 -1.85 -1.36
67 Sindhupalchok 181.7 -1.43 -0.70 -1.43 -0.84
68 Siraha 158.3 -1.30 -0.85 -2.24 -1.82
69 Solukhumbu 193.7 -1.08 -0.39 -1.26 -0.49
70 Sunsari 169.4 -0.89 -0.55 -2.04 -1.49
71 Surkhet 143.6 -1.88 -1.49 -0.69 0.38

72 Syangja 176.6 -1.86 -1.26 -0.42 -0.40
73 Tanahu 177.5 -1.94 -1.29 -0.57 -0.52
74 Taplejung 224.6 -1.01 -0.18 -0.78 -0.06
75 Tehrathum 192.4 -1.09 -0.30 -1.59 -0.81
76 Udayapur 168.6 -0.96 -0.42 -2.05 -1.68
77 Western Rukum 161.2 -2.00 -1.25 -0.75 0.22
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3.4. Change in Consecutive Dry Days (CDD) (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) | 2016-2045 2036-2065 | 2016-2045 | 2036-2065

1 Achham 48.1 6.03 3.69 -3.24 -2.51
2 Arghakhanchi 48.2 11.35 6.89 1.09 1.68
3 Baglung 42.4 6.93 4.43 -0.39 -3.74
4 Baitadi 47.5 5.36 3.02 -3.18 -3.06
5 Bajhang 449 6.85 3.91 -3.20 -3.93
6 Bajura 43.9 712 3.13 -3.10 -3.50
7 Banke 54.2 7146 3.70 -0.53 -0.05
8 Bara 58.3 7.90 5.03 1.70 -0.17
9 Bardiya 54.4 5.94 3.93 -1.10 -0.54
10 Bhaktapur 449 9.48 3.12 -3.86 -2.32
11 Bhojpur 41.3 2.91 -1.33 -1.18 -1.58
12 Chitwan 49.5 9.43 6.18 -1.99 0.68
13 Dadeldhura 50.4 4.41 1.63 -2.40 -2.48
14 Dailekh 47.0 7.71 4.63 -1.43 -2.62
15 Dang 51.6 11.30 6.10 -0.43 -0.49
16 Darchula 45.9 4.55 2.18 -4.25 -5.00
17 Dhading 41.1 8.25 5.14 -2.18 -3.47
18 Dhankuta 44.8 1.96 -0.39 -0.95 -1.78
19 Dhanusa 57.9 4.90 0.09 2.39 -0.35
20 Dolakha 43.0 1.58 -3.88 -2.70 -4.18
21 Dolpa 42.3 443 1.19 -4.15 -5.18
22 Doti 49.0 5.51 3.34 -3.23 -2.92
23 Eastern Rukum 43.6 7.69 1.71 -3.70 -4.55
24 Gorkha 36.0 4.96 3.54 -2.07 -4.34
25 Gulmi 44.3 10.24 6.68 1.50 -2.14
26 Humla 39.8 6.68 0.36 -5.34 -6.03
27 llam 43.8 1.94 -2.31 -4.18 -6.08
28 Jajarkot 42.9 8.87 4.55 -2.46 -3.17
29 Jhapa 49.3 2.94 -0.79 -1.41 -5.52
30 Jumla 40.5 6.97 0.78 -5.24 -5.96
31 Kailali 53.1 5.20 2.70 -2.31 -1.55
32 Kalikot 43.9 8.07 4.48 -4.11 -4.90
33 Kanchanpur 54.8 5.50 2.56 -2.42 -1.45
34 Kapilbastu 54.1 12.66 8.27 0.34 3.69
35 Kaski 37.3 5.43 3.56 -0.83 -3.63
36 Kathmandu 44.5 10.53 3.88 -2.72 -2.75
37 Kavre 48.0 8.28 3.15 -0.67 0.15
38 Khotang 45.9 2.01 -2.07 -0.28 -0.62
39 Lalitpur 48.3 9.50 4.90 0.32 2.53
40 Lamjung 35.6 543 4.61 -1.60 -4.31
41 Mahottari 58.6 6.20 1.88 4.03 0.92
42 Makwanpur 51.5 8.73 6.34 0.27 0.98
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43 Manang 36.6 4.56 3.14 0.10 -1.77
44 Morang 51.8 2.99 -0.66 -0.34 -4.86
45 Mugu 411 5.84 -0.27 -6.61 -6.31
46 Mustang 41.9 2.62 1.90 0.20 -2.14
47 Myagdi 40.7 5.51 3.14 1.04 -2.31
48 Nawalpur 50.5 9.43 4,72 -2.23 0.26

49 Nuwakot 41.4 9.32 4.34 -1.63 -3.46
50 Okhaldhunga 47.2 2.75 -1.59 -0.47 -1.25
51 Palpa 47.2 10.33 5.84 -1.82 -1.54
52 Panchthar 40.4 4.09 -0.54 -2.68 -5.57
53 Parasi 50.5 9.43 4.72 -2.23 0.26

54 Parbat 40.6 7.84 4.77 -0.46 -4.70
55 Parsa 58.0 6.15 4.34 0.03 -0.24
56 Pyuthan 471 11.16 6.01 0.36 -1.93
57 Ramechhap 45.7 3.14 -2.23 -1.49 -2.48
58 Rasuwa 38.0 4.17 1.13 -1.86 -4.35
59 Rautahat 58.9 9.48 5.49 1.91 0.40

60 Rolpa 46.2 8.75 3.80 -1.69 -3.45
61 Rupandehi 54.6 8.47 3.69 -0.90 1.16

62 Salyan 48.4 797 4.81 -0.11 -2.63
63 Sankhuwasabha 31.9 3.31 0.95 -0.33 -3.63
64 Saptari 55.4 3.84 -1.59 1.34 -3.38
65 Sarlahi 58.4 8.49 4.30 3.46 0.85

66 Sindhuli 53.4 743 2.23 2.49 0.09

67 Sindhupalchok 411 4.74 0.11 -1.24 -2.94
68 Siraha 56.6 3.86 -2.34 1.59 -2.93
69 Solukhumbu 38.9 0.95 -2.72 -2.99 -4.25
70 Sunsari 52.6 4.12 -1.04 1.99 -2.46
71 Surkhet 50.2 5.75 3.36 -1.56 -2.08
72 Syangja 41.0 9.36 5.92 -0.08 -3.69
73 Tanahu 39.8 9.92 6.55 -0.19 -3.83
74 Taplejung 31.5 3.80 2.16 -2.28 -6.26
75 Tehrathum 40.0 4.33 -0.27 -0.84 -3.77
76 Udayapur 49.9 4.56 -0.67 1.24 -1.37
77 Western Rukum 43.6 7.69 1.71 -3.70 -4.55
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3.5. Change in Consecutive Wet Days (CWD) (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5

Period (days) | 2016-2045 | 2036-2065 | 2016-2045 | 2036-2065
1 Achham 67.7 -3.84 -0.97 3.65 5.87
2 Arghakhanchi 71 -5.50 -1.05 10.01 6.51
3 Baglung 82.9 0.83 1.49 2.33 5.44
4 Baitadi 67.7 -3.60 0.57 4.46 3.35
5 Bajhang 67.1 -3.50 0.09 3.71 3.89
6 Bajura 65.3 -3.01 0.65 3.60 5.37
7 Banke 60.5 -3.27 -0.26 12.65 12.35
8 Bara 64.6 -13.62 -6.67 3.04 -0.33
9 Bardiya 55.7 -4.41 -0.28 17.51 16.16
10 Bhaktapur 91.9 -3.42 -3.09 -0.31 -4.38
11 Bhojpur 97.9 -6.90 -4.24 -2.32 -8.83
12 Chitwan 68.7 -11.34 -5.00 5.45 2.43
13 Dadeldhura 62 -5.16 -0.04 8.59 7.87
14 Dailekh 70.8 -1.66 1.80 2.28 5.67
15 Dang 67.4 -2.36 -0.51 11.92 10.77
16 Darchula 68 -2.20 1.70 5.13 3.95
17 Dhading 84.4 -2.54 0.34 6.34 2.55
18 Dhankuta 92.4 -8.34 -5.46 -5.41 -11.88
19 Dhanusa 68.9 -16.26 -13.83 1.33 0.44
20 Dolakha 102.8 -2.17 -0.48 -2.55 -4.36
21 Dolpa 67.2 0.77 2.42 1.03 443
22 Doti 65.2 -3.61 -0.54 6.52 6.70
23 Eastern Rukum 79.9 0.27 2.13 212 6.05
24 Gorkha 89.6 -1.29 0.67 2.86 1.89
25 Gulmi 79.1 -2.04 0.19 6.68 5.93
26 Humla 50.7 -5.55 -0.18 9.26 9.02
27 Ilam 101.9 -3.34 0.17 -3.44 -8.76
28 Jajarkot 77.6 -0.34 2.54 1.58 3.86
29 Jhapa 101.4 -3.21 0.67 -3.52 -9.39
30 Jumla 78 -0.46 1.92 0.42 2.24
31 Kailali 58.2 -3.49 0.29 14.59 14.16
32 Kalikot 72.4 -1.76 1.27 1.55 3.66
33 Kanchanpur 53.8 -6.18 -0.34 12.99 10.32
34 Kapilbastu 60.8 -13.03 -5.94 6.94 6.55
35 Kaski 86.9 -0.13 1.29 2.24 3.88
36 Kathmandu 90.6 -3.73 -3.10 -1.48 -4.29
37 Kavre 92.3 -9.33 -6.40 -2.91 477
38 Khotang 90.9 -8.85 -5.75 -1.52 -8.96
39 Lalitpur 84.2 -11.59 -8.00 -2.48 -5.54
40 Lamjung 86.8 -0.70 1.04 3.65 4.14
41 Mahottari 66.6 -16.75 -13.28 2.07 4.29
42 Makwanpur 72.5 -13.72 -1.27 1.46 -1.26
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43 Manang 78.9 1.66 2.57 4.91 7.94
44 Morang 92.8 -5.91 -2.75 -4.73 -10.71
45 Mugu 59 -1.64 1.15 3.16 4.26
46 Mustang 56.9 1.11 4.17 8.93 11.28
47 Myagdi 83.6 1.47 2.45 1.37 6.00
48 Nawalpur 68.4 -10.61 -5.24 5.84 4.10
49 Nuwakot 92.4 -1.69 -1.38 1.63 -1.56
50 Okhaldhunga 96.3 -7.03 -4.64 -4.32 -9.69
51 Palpa 73.7 -2.79 0.58 8.07 6.04
52 Panchthar 103.9 -5.02 -1.55 -4.66 -10.35
53 Parasi 68.4 -10.61 -5.24 5.84 4.10
54 Parbat 86.3 -1.27 -0.95 2.79 2.52
55 Parsa 65.1 -13.74 -6.32 3.18 0.63
56 Pyuthan 74.6 -2.52 -0.41 8.00 744
57 Ramechhap 100.6 -5.50 -3.47 -4.23 -7.69
58 Rasuwa 101.6 -0.42 1.16 -0.20 -3.58
59 Rautahat 63.5 -14.11 -7.16 1.82 0.34
60 Rolpa 75.9 -1.29 -0.19 4.98 8.36
61 Rupandehi 63.2 -13.48 -7.60 5.43 5.83
62 Salyan 71.7 -1.50 1.54 6.43 9.14
63 Sankhuwasabha 121 0.16 -0.41 -2.72 -6.21
64 Saptari 80.5 -14.01 -9.99 -0.16 -9.35
65 Sarlahi 65.2 -15.76 -11.86 1.04 2.01
66 Sindhuli 82.5 -14.14 -10.31 -2.48 -6.08
67 Sindhupalchok 103.4 -2.63 -1.27 -2.03 -3.29
68 Siraha 73.6 -15.93 -12.78 2.48 -5.28
69 Solukhumbu 108.4 -1.35 -0.75 -2.33 -6.74
70 Sunsari 88 -10.24 -5.95 -3.71 -11.16
71 Surkhet 67.1 -3.35 -0.22 6.65 9.28
72 Syangja 83.8 -0.66 0.33 4.27 1.57
73 Tanahu 81 -0.88 1.89 5.47 2.59
74 Taplejung 129.4 -1.09 -1.41 -3.44 -71.26
75 Tehrathum 102.7 -5.17 -2.39 -4.70 -9.57
76 Udayapur 82.4 -12.85 -9.44 0.06 -9.35
77 Western Rukum 79.9 0.27 2.13 212 6.05
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4. Change in Temperature Indices

4.1. Change in Warm Days (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) |2016-2045 |2036-2065 | 2016-2045 | 2036-2065

1 Achham 375 6.35 9.17 6.29 9.63
2 Arghakhanchi 36.9 6.77 8.87 6.39 10.89
3 Baglung 37.2 7.00 9.46 5.63 10.31
4 Baitadi 37.2 6.23 8.93 6.21 9.50
5 Bajhang 37.1 5.97 8.06 5.48 8.82
6 Bajura 37.2 6.14 8.28 5.67 9.05
7 Banke 36.6 5.37 7.65 5.82 9.42
8 Bara 36.7 6.49 8.17 6.90 11.35
9 Bardiya 37.1 5.54 8.06 5.69 9.14
10 Bhaktapur 36.4 7.08 9.16 7.58 12.74
11 Bhojpur 371 7.79 10.48 8.84 14.71
12 Chitwan 36.9 6.84 8.53 7.06 11.70
13 Dadeldhura 37.3 6.05 8.73 6.03 9.32
14 Dailekh 375 6.37 9.19 6.26 9.63
15 Dang 36.5 5.85 7.99 6.19 9.96
16 Darchula 37 5.86 8.03 5.57 8.89
17 Dhading 37.2 7.33 9.48 6.66 11.76
18 Dhankuta 37 8.12 10.97 9.13 15.22
19 Dhanusa 36.6 6.59 8.71 7.54 12.59
20 Dolakha 36.8 6.71 9.28 7.63 12.90
21 Dolpa 36.8 5.72 7.54 4.38 8.10
22 Doti 374 6.35 9.15 6.25 9.59
23 Eastern Rukum 374 6.47 8.86 5.42 9.18
24 Gorkha 36.8 6.43 8.56 5.57 9.98
25 Gulmi 37.2 713 9.50 6.21 11.14
26 Humla 371 5.52 7.53 4.96 8.56
27 llam 37.3 7.95 11.19 9.87 15.73
28 Jajarkot 37.3 6.41 8.92 5.80 9.22
29 Jhapa 375 748 10.28 9.48 15.02
30 Jumla 37.2 6.18 8.23 5.26 8.76
31 Kailali 373 5.71 8.34 5.62 8.84
32 Kalikot 37.2 6.30 8.62 5.87 9.19
33 Kanchanpur 37.3 5.25 7.42 5.52 8.49
34 Kapilbastu 36.4 5.96 7.55 6.56 10.38
35 KaskKi 37 6.67 9.00 5.37 9.91
36 Kathmandu 36.8 7.20 9.31 1.27 12.54
37 Kavre 36.5 7.10 9.10 7.59 12.46
38 Khotang 36.9 7.65 10.30 8.51 14.31
39 Lalitpur 36.6 6.97 8.80 714 11.72
40 Lamjung 36.9 6.91 9.32 5.65 10.36
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41 Mahottari 36.6 6.51 8.37 7.10 11.88
42 Makwanpur 36.8 6.93 8.68 6.97 11.57
43 Manang 36.8 5.59 7.40 4.37 8.08

44 Morang 37.3 7.63 10.36 8.93 14.94
45 Mugu 371 5.92 7.83 4.75 8.34

46 Mustang 36.8 5.63 7.43 4.43 8.18

47 Myagdi 371 6.27 8.36 4.96 9.06

48 Nawalpur 36.9 6.78 8.45 7.01 11.56
49 Nuwakot 371 7.33 9.64 6.89 12.30
50 Okhaldhunga 36.8 7.09 9.58 8.38 13.66
51 Palpa 37.3 731 9.21 6.90 11.84
52 Panchthar 374 8.13 11.40 9.94 16.00
53 Parasi 36.9 6.78 8.45 7.01 11.56
54 Parbat 374 7.29 9.77 6.08 11.15
55 Parsa 36.8 6.45 8.03 7.02 11.39
56 Pyuthan 36.8 6.76 9.35 6.06 10.48
57 Ramechhap 36.6 6.75 9.13 7.94 12.99
58 Rasuwa 36.8 6.09 8.36 5.41 9.94

59 Rautahat 36.5 6.43 8.16 6.67 11.03
60 Rolpa 37.1 6.68 9.56 5.78 0.88

61 Rupandehi 36.7 6.29 7.82 6.67 10.90
62 Salyan 37.3 6.27 9.12 5.78 9.49

63 Sankhuwasabha 37 7.61 10.61 8.52 14.69
64 Saptari 36.8 7.02 9.37 7.98 13.49
65 Sarlahi 36.5 6.56 8.37 6.95 11.50
66 Sindhuli 36.5 7.01 9.21 1.74 12.76
67 Sindhupalchok 36.7 6.91 9.44 747 12.50
68 Siraha 36.7 6.78 9.08 7.79 13.05
69 Solukhumbu 37 6.57 9.05 727 12.51
70 Sunsari 37 7.51 10.00 8.48 14.31
71 Surkhet 37.3 6.11 8.98 5.91 9.35

72 Syangja 37.3 7.40 9.73 6.51 11.72
73 Tanahu 37.2 7.49 9.76 6.83 12.13
74 Taplejung 37 7.32 10.49 8.40 14.39
75 Tehrathum 37.3 8.30 11.45 9.80 16.03
76 Udayapur 36.9 7.50 10.05 8.33 14.06
77 Western Rukum 374 6.47 8.86 5.42 9.18
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4.2. Change in Warm Nights (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference Period | RCP4.5 RCP8.5
(days) 2016-2045 | 2036-2065 | 2016-2045 | 2036-2065

1 Achham 37.6 7.00 10.34 9.55 13.03
2 Arghakhanchi 37.7 10.87 14.73 12.24 17.81
3 Baglung 37.2 7.82 11.00 8.56 12.73
4 Baitadi 37.7 7.20 10.60 9.76 13.33
5 Bajhang 371 6.46 9.36 8.00 11.17
6 Bajura 371 6.60 9.60 8.24 11.47
7 Banke 375 9.76 13.46 12.19 17.62
8 Bara 37.7 10.39 14.67 10.81 16.16
9 Bardiya 37.6 7.93 11.45 11.30 15.60
10 Bhaktapur 374 9.82 13.80 8.99 13.98
11 Bhojpur 37.6 9.36 13.32 9.25 14.50
12 Chitwan 37.6 10.42 14.64 11.13 16.79
13 Dadeldhura 37.6 7.28 10.77 10.26 13.91
14 Dailekh 37.7 6.95 10.26 9.41 12.85
15 Dang 373 10.35 13.99 12.35 18.02
16 Darchula 371 6.63 9.68 8.33 11.59
17 Dhading 375 9.42 13.03 9.33 14.28
18 Dhankuta 37.5 9.79 13.88 9.81 15.22
19 Dhanusa 37.2 10.19 14.56 10.63 16.19
20 Dolakha 374 8.84 12.54 8.00 13.01
21 Dolpa 37.7 6.63 9.43 7.20 10.61
22 Doti 37.5 6.94 10.26 9.60 13.05
23 Eastern Rukum 37.3 6.96 10.03 8.52 12.04
24 Gorkha 374 7.72 10.80 7.57 11.73
25 Gulmi 374 9.56 13.16 10.33 15.47
26 Humla 37.2 6.43 9.32 7.54 10.65
27 llam 37.9 9.83 13.91 10.16 15.72
28 Jajarkot 374 6.80 9.92 8.77 12.11
29 Jhapa 37.7 10.26 14.47 10.35 16.07
30 Jumla 37.2 6.59 9.54 8.12 11.37
31 Kailali 374 7.21 10.68 10.77 14.36
32 Kalikot 371 6.68 9.76 8.44 11.71
33 Kanchanpur 37.2 8.05 11.83 11.57 15.67
34 Kapilbastu 37.7 11.13 15.20 13.10 18.97
35 Kaski 375 7.40 10.51 7.65 11.61
36 Kathmandu 37.6 9.70 13.67 9.13 14.15
37 Kavre 37.9 9.70 13.74 8.94 14.11
38 Khotang 37.7 9.38 13.29 9.19 14.43
39 Lalitpur 38 9.13 13.07 8.38 13.29
40 Lamjung 374 7.80 10.99 8.05 12.23
41 Mahottari 37.2 10.54 15.15 10.85 16.41
42 Makwanpur 37.7 9.85 13.87 9.93 15.15
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43 Manang 37.3 6.14 8.85 5.93 9.28

44 Morang 37.8 10.22 14.49 10.37 15.98
45 Mugu 37.3 6.69 9.66 8.05 11.40
46 Mustang 37.3 6.37 9.11 6.48 9.89

47 Myagdi 37.4 6.59 9.49 7.16 10.71
48 Nawalpur 37.6 10.66 14.92 11.51 17.24
49 Nuwakot 375 9.62 13.39 9.29 14.27
50 Okhaldhunga 37.7 9.14 12.93 8.64 13.78
51 Palpa 37.3 10.44 14.61 11.18 16.85
52 Panchthar 37.6 9.72 13.77 9.92 15.44
53 Parasi 37.6 10.66 14.92 11.51 17.24
54 Parbat 375 8.95 12.45 9.35 14.15
55 Parsa 37.9 10.45 14.70 11.09 16.64
56 Pyuthan 37.3 9.74 13.19 11.03 16.00
57 Ramechhap 375 9.01 12.76 8.28 13.35
58 Rasuwa 37.6 7.48 10.33 6.95 11.09
59 Rautahat 375 10.28 14.63 10.58 15.87
60 Rolpa 371 8.01 11.24 9.90 14.10
61 Rupandehi 37.7 10.89 15.23 12.27 18.05
62 Salyan 37.7 7.62 11.00 10.20 14.30
63 Sankhuwasabha 37.3 9.15 12.95 8.58 13.75
64 Saptari 375 10.07 14.37 10.53 16.02
65 Sarlahi 37.4 10.35 14.70 10.43 15.80
66 Sindhuli 37.8 9.69 13.72 9.36 14.64
67 Sindhupalchok 37.7 9.06 12.68 8.48 13.35
68 Siraha 37.4 9.97 14.20 10.42 15.88
69 Solukhumbu 37 8.37 11.95 7.59 12.51
70 Sunsari 37.7 10.07 14.36 10.43 15.95
71 Surkhet 37.9 7.10 10.50 10.04 13.63
72 Syangja 375 9.95 13.80 10.22 15.61
73 Tanahu 37.7 10.41 14.48 10.60 16.22
74 Taplejung 374 8.95 12.60 8.29 13.48
75 Tehrathum 37.5 9.71 13.77 9.83 15.31
76 Udayapur 37.7 9.74 13.84 9.84 15.22
77 Western Rukum 37.3 6.96 10.03 8.52 12.04
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4.3. Change in Cold Days (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) | 2016-2045 2036-2065 2016-2045 2036-2065

1 Achham 35.7 -4.67 -6.02 -5.19 -6.79
2 Arghakhanchi 36.3 -4.21 -5.19 -5.35 -7.08
3 Baglung 36.5 -4.30 -5.51 -5.30 -7.01
4 Baitadi 35.6 -4.62 -5.88 -4.83 -6.42
5 Bajhang 36.7 -4.72 -6.12 -4.81 -6.45
6 Bajura 36.7 -4.75 -6.14 -4.89 -6.54
7 Banke 36 -4.65 -5.66 -5.08 -6.78
8 Bara 36.2 -3.32 -3.75 -4.80 -6.26
9 Bardiya 36.4 -4.74 -6.02 -5.48 -7.14
10 Bhaktapur 36.5 -3.62 -4.18 -4.94 -6.54
11 Bhojpur 36.2 -3.62 -4.40 -4.67 -6.07
12 Chitwan 36.8 -3.65 -4.24 -5.07 -6.62
13 Dadeldhura 35.7 -4.68 -5.93 -5.08 -6.66
14 Dailekh 36 -4.71 -6.08 -5.43 -7.04
15 Dang 35.9 -4.42 -5.41 -5.09 -6.83
16 Darchula 36.8 -4.73 -6.15 -4.76 -6.41
17 Dhading 36.8 -4.12 -5.01 -5.13 -6.83
18 Dhankuta 36.2 -3.64 -4.44 -4.75 -6.14
19 Dhanusa 36.3 -3.58 -4.33 -4.91 -6.27
20 Dolakha 36.7 -3.84 4.72 -4.68 -6.14
21 Dolpa 38 -4.48 -5.83 -5.22 -6.94
22 Doti 35.6 -4.64 -5.98 -5.08 -6.67
23 Eastern Rukum 36.6 -4.55 -5.90 -5.29 -6.98
24 Gorkha 371 -4.26 -5.42 -4.94 -6.62
25 Gulmi 36.6 -4.32 -5.40 -5.51 -7.26
26 Humla 379 -4.87 -6.38 -5.14 -6.92
27 llam 36.5 -3.66 -4.49 -4.66 -6.04
28 Jajarkot 36.4 -4.70 -6.09 -5.32 -6.97
29 Jhapa 36.6 -3.68 -4.54 -4.89 -6.27
30 Jumla 37.2 -4.74 -6.17 -5.14 -6.82
31 Kailali 36 -4.69 -6.04 -5.44 -7.01
32 Kalikot 36.4 -4.72 -6.09 -5.08 -6.72
33 Kanchanpur 35.8 4,72 -5.78 -5.22 -6.75
34 Kapilbastu 36.5 -3.76 -4.45 -4.90 -6.52
35 Kaski 36.9 -4.22 -5.43 -5.06 -6.79
36 Kathmandu 36.6 -3.79 -4.39 -5.06 -6.69
37 Kavre 36.3 -3.58 -4.12 -4.98 -6.51
38 Khotang 36.3 -3.62 -4.42 -4.74 -6.16
39 Lalitpur 36.4 -3.40 -3.79 -4.90 -6.42
40 Lamjung 36.8 -4.25 -5.43 -4.88 -6.61
41 Mahottari 36.3 -3.55 -4.20 -4.85 -6.27
42 Makwanpur 36.7 -3.47 -3.93 -4.98 -6.51
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43 Manang 37.7 -4.23 -5.50 -4.92 -6.63
44 Morang 36.4 -3.69 -4.55 -4.87 -6.27
45 Mugu 37.9 -4.76 -6.23 -5.23 -6.95
46 Mustang 37.9 -4.25 -5.53 -5.01 -6.73
47 Myagdi 36.8 -4.21 -5.42 -5.00 -6.70
48 Nawalpur 36.6 -3.66 -4.28 -5.03 -6.58
49 Nuwakot 36.7 -4.12 -4.95 -5.08 -6.82
50 Okhaldhunga 36.3 -3.64 -4.44 -4.83 -6.23
51 Palpa 36.5 -4.02 -4.83 -5.26 -6.92
52 Panchthar 36.6 -3.67 -4.50 -4.62 -6.02
53 Parasi 36.6 -3.66 -4.28 -5.03 -6.58
54 Parbat 37 -4.28 -5.39 -5.26 -7.03
55 Parsa 36.3 -3.39 -3.88 -4.87 -6.35
56 Pyuthan 36.3 -4.38 -5.62 -5.55 -7.29
57 Ramechhap 36.6 -3.76 -4.54 -4.80 -6.24
58 Rasuwa 36.9 -4.28 -5.35 4,78 -6.42
59 Rautahat 36.1 -3.28 -3.67 -4.75 -6.15
60 Rolpa 36.4 -4.55 -5.94 -5.69 -7.42
61 Rupandehi 36.5 -3.57 -4.14 -4.95 -6.47
62 Salyan 36.4 477 -6.11 -5.64 -7.37
63 Sankhuwasabha 36.9 -3.84 -4.66 -4.41 -5.85
64 Saptari 36.5 -3.63 -4.41 -4.87 -6.24
65 Sarlahi 36.3 -3.41 -3.88 -4.79 -6.22
66 Sindhuli 36.6 -3.63 -4.30 -4.92 -6.36
67 Sindhupalchok 36.5 -4.05 -4.89 -4.86 -6.43
68 Siraha 36.4 -3.60 -4.38 -4.86 -6.22
69 Solukhumbu 37 -3.89 -4.73 -4.34 -5.79
70 Sunsari 36.4 -3.69 -4.51 -4.89 -6.28
71 Surkhet 36.2 4.72 -6.10 -5.58 -7.19
72 Syangja 36.9 -4.28 -5.27 -5.34 -7.11
73 Tanahu 36.8 -4.21 -5.12 -5.37 -7.10
74 Taplejung 371 -3.85 -4.68 -4.19 -5.60
75 Tehrathum 36.5 -3.67 -4.48 -4.66 -6.06
76 Udayapur 36.5 -3.66 -4.48 -4.89 -6.28
77 Western Rukum 36.6 -4.55 -5.90 -5.29 -6.98
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4.4, Change in Cold nights (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) | 2016-2045 | 2036-2065 | 2016-2045 | 2036-2065

1 Achham 36.7 -4.52 -5.80 -5.14 -7.04
2 Arghakhanchi 36.8 -4.38 -5.65 -4.58 -6.19
3 Baglung 37 -4.18 -5.17 -4.14 -5.88
4 Baitadi 36.5 -4.57 -5.75 -5.05 -6.96
5 Bajhang 35.9 -4.56 -5.63 5.23 -7.06
6 Bajura 35.9 -4.54 -5.64 -5.31 -7.16
7 Banke 36.8 4,72 -5.93 -5.57 -7.29
8 Bara 36.9 -3.28 -5.06 -4.55 -6.00
9 Bardiya 36.7 -4.67 -5.94 -5.33 -7.15
10 Bhaktapur 37.2 -3.88 -5.37 4.72 -6.11
11 Bhojpur 374 -3.85 -5.28 -3.97 -5.41
12 Chitwan 36.9 -3.68 -5.42 -4.27 -5.81
13 Dadeldhura 36.6 -4.54 -5.78 -4.91 -6.80
14 Dailekh 36.9 -4.53 -5.82 -5.05 -6.94
15 Dang 36.8 -4.61 -5.84 -5.46 -7.13
16 Darchula 36 -4.61 -5.71 -5.07 -6.90
17 Dhading 37 -4.02 -5.42 -4.27 -5.84
18 Dhankuta 374 -3.80 -5.35 -3.81 -5.33
19 Dhanusa 37 -3.53 -4.93 -4.21 -5.73
20 Dolakha 371 -3.97 -5.11 -4.39 -5.66
21 Dolpa 36.9 -4.47 -5.49 477 -6.49
22 Doti 36.4 -4.54 -5.76 -5.00 -6.86
23 Eastern Rukum 36.8 -4.64 -5.85 -5.22 -6.99
24 Gorkha 375 -4.15 -5.28 -4.07 -5.73
25 Gulmi 36.9 -4.07 -5.25 -4.01 -5.68
26 Humla 36.2 477 -5.94 -5.16 -6.94
27 llam 37.3 -3.70 -5.40 -3.71 -5.40
28 Jajarkot 36.5 -4.55 -5.79 -5.23 -7.08
29 Jhapa 37 -3.58 -5.30 -3.47 -5.16
30 Jumla 36 -4.53 -5.70 -5.46 -1.27
31 Kailali 36.8 -4.56 -5.86 -5.01 -6.87
32 Kalikot 36.1 -4.51 -5.64 -5.31 -7.18
33 Kanchanpur 36.8 -4.52 -5.83 -4.86 -6.79
34 Kapilbastu 36.8 -3.88 -5.34 -4.44 -6.04
35 Kaski 37.6 -4.08 -5.08 -4.04 -B.77
36 Kathmandu 37 -4.02 -5.45 -4.69 -6.11
37 Kavre 37 -3.67 -5.27 -4.67 -6.05
38 Khotang 371 -3.76 -5.17 -3.80 -5.23
39 Lalitpur 37.2 -3.54 -5.23 -4.73 -6.09
40 Lamjung 375 -4.11 -5.18 -3.96 -5.67
41 Mahottari 371 -3.45 -5.01 -4.32 -5.83
42 Makwanpur 37.1 -3.46 -5.25 -4.63 -6.09
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43 Manang 38.1 4.7 -5.20 -4.32 -6.05
44 Morang 37 -3.68 -5.27 -3.60 -5.23
45 Mugu 36.1 -4.59 -5.76 -5.56 -7.28
46 Mustang 37.7 -4.16 -5.18 -4.15 -5.87
47 Myagdi 375 411 -5.03 -4.04 -5.80
48 Nawalpur 36.7 -3.68 -5.37 -4.17 -5.72
49 Nuwakot 371 -3.99 -5.31 -4.41 -5.90
50 Okhaldhunga 371 -3.73 -5.16 -4.04 -5.46
51 Palpa 36.7 -3.98 -5.42 -4.06 -5.62
52 Panchthar 375 -3.76 -5.44 -3.89 -5.56
53 Parasi 36.7 -3.68 -5.37 4.7 -5.72
54 Parbat 37.2 -3.93 -5.02 -3.84 -5.48
55 Parsa 36.9 -3.37 -5.20 -4.37 -5.92
56 Pyuthan 36.9 -4.68 -5.88 -5.04 -6.76
57 Ramechhap 37.3 -3.84 -5.23 -4.28 -5.68
58 Rasuwa 37.3 -4.17 -5.22 -4.09 -5.59
59 Rautahat 36.8 -3.28 -4.91 -4.40 -5.81
60 Rolpa 36.8 -4.67 -5.96 -5.42 -7.16
61 Rupandehi 36.5 -3.57 -5.29 -4.09 -5.62
62 Salyan 36.5 -4.59 -5.89 -5.33 -7.16
63 Sankhuwasabha 37.3 -4.00 -5.37 -4.35 -5.77
64 Saptari 36.8 -3.61 -4.94 -4.01 -5.53
65 Sarlahi 36.8 -3.37 -4.97 -4.41 -5.85
66 Sindhuli 371 -3.58 -5.12 -4.29 -5.73
67 Sindhupalchok 371 -4.15 -5.26 -4.37 -5.69
68 Siraha 36.9 -3.54 -4.85 -4.08 -5.59
69 Solukhumbu 37.2 -4.02 -5.18 -4.29 -5.57
70 Sunsari 36.8 -3.68 -5.08 -3.66 -5.14
71 Surkhet 36.9 -4.54 -5.85 -5.09 -6.97
72 Syangja 371 -3.93 -5.20 -3.90 -5.49
73 Tanahu 371 -3.97 -5.34 -4.01 -5.59
74 Taplejung 374 -3.94 -5.50 -4.22 -5.81
75 Tehrathum 37.6 -3.84 -5.47 -4.02 -5.66
76 Udayapur 36.7 -3.64 -5.03 -3.76 -5.20
77 Western Rukum 36.8 -4.64 -5.85 -5.22 -6.99
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4.5. Change in Warm Spell Duration Index (WSDI) (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) | 2016-2045 |2036-2065 |2016-2045 | 2036-2065

1 Achham 20.8 91.34 135.13 96.72 155.51
2 Arghakhanchi 19.9 104.03 139.49 147.26 211.94
3 Baglung 16.6 116.07 162.48 164.16 260.80
4 Baitadi 21.1 90.78 132.30 94.50 151.37
5 Bajhang 19.6 93.25 124.28 103.08 160.68
6 Bajura 19.1 97.22 128.98 116.03 173.89
7 Banke 23.1 75.24 110.89 92.38 149.88
8 Bara 17.7 113.11 145.85 194.67 268.03
9 Bardiya 23.1 73.86 107.61 92.91 150.01
10 Bhaktapur 15.5 124.65 157.84 246.15 337.93
11 Bhojpur 13.1 157.66 208.51 194.32 368.55
12 Chitwan 17.2 122.33 154.18 245.54 324.59
13 Dadeldhura 21.5 86.36 126.29 97.90 155.68
14 Dailekh 20.8 91.07 135.11 95.86 154.81
15 Dang 22.3 85.43 122.38 103.04 160.82
16 Darchula 19.9 91.13 123.10 108.69 166.41
17 Dhading 15.8 126.78 166.34 204.87 305.00
18 Dhankuta 13.3 174.59 231.34 241.53 388.39
19 Dhanusa 17.1 108.10 135.55 204.16 279.84
20 Dolakha 14.5 121.04 165.66 226.55 344.10
21 Dolpa 17.3 96.46 126.47 96.08 166.03
22 Doti 20.9 91.91 135.78 97.22 156.36
23 Eastern Rukum 18.7 101.93 140.24 113.70 178.73
24 Gorkha 15.7 109.27 148.42 157.65 250.70
25 Gulmi 17.8 115.28 154.97 165.78 250.38
26 Humla 20 85.48 112.66 103.26 165.03
27 llam 13 169.74 238.94 278.50 429.77
28 Jajarkot 19.6 99.07 138.07 103.54 162.80
29 Jhapa 14.3 148.86 200.82 228.62 341.28
30 Jumla 18.9 98.99 129.66 108.96 168.39
31 Kailali 22.4 78.10 114.57 95.38 151.96
32 Kalikot 19.4 99.37 134.99 108.11 165.24
33 Kanchanpur 23.1 74.53 105.19 89.69 140.08
34 Kapilbastu 21 92.12 122.19 136.94 190.37
35 Kaski 15.5 113.84 158.29 188.67 288.92
36 Kathmandu 15.5 128.35 162.18 232.21 326.28
37 Kavre 15.3 131.29 164.52 24717 334.42
38 Khotang 13.7 147.12 192.87 196.06 343.54
39 Lalitpur 15.2 127.79 157.12 241.42 328.55
40 Lamjung 15.4 118.53 166.06 189.83 297.34
41 Mahottari 17.5 106.65 134.68 174.57 244.16
42 Makwanpur 16 127.05 159.72 196.03 284.33
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43 Manang 15.4 97.89 129.02 138.57 214.31
44 Morang 15 144.70 194.86 219.01 334.83
45 Mugu 19 94.85 122.43 90.28 151.55
46 Mustang 15.8 97.66 127.93 112.41 189.22
47 Myagdi 16.1 104.59 143.98 151.03 237.18
48 Nawalpur 17.9 116.31 146.88 267.83 340.29
49 Nuwakot 15.5 129.83 171.54 226.27 321.76
50 Okhaldhunga 14.8 129.30 170.51 226.67 337.89
51 Palpa 18.2 117.87 147.61 227.52 303.92
52 Panchthar 12.7 171.94 245,52 257.75 449.49
53 Parasi 17.9 116.31 146.88 267.83 340.29
54 Parbat 16.5 119.79 167.32 192.05 292.87
55 Parsa 18 113.81 146.23 269.77 337.50
56 Pyuthan 19.7 100.21 141.95 121.21 195.59
57 Ramechhap 15 121.95 162.90 229.41 335.91
58 Rasuwa 14.7 104.86 150.58 167.29 274.85
59 Rautahat 175 113.97 145.88 170.94 238.11
60 Rolpa 19.4 102.89 148.92 104.66 178.20
61 Rupandehi 19.3 105.50 132.94 193.91 257.38
62 Salyan 21.4 86.34 129.53 97.38 163.28
63 Sankhuwasabha 13.5 147.87 207.53 195.18 384.45
64 Saptari 16.2 116.89 153.27 213.97 302.86
65 Sarlahi 17.2 113.38 144.41 179.74 248.32
66 Sindhuli 15.7 122.63 158.99 213.83 301.27
67 Sindhupalchok 15.1 120.27 165.18 236.89 343.72
68 Siraha 16.7 109.45 141.91 210.79 292.37
69 Solukhumbu 14.7 121.08 165.67 177.01 302.34
70 Sunsari 15.1 137.65 181.28 211.23 320.63
71 Surkhet 21.5 85.95 128.45 96.15 157.08
72 Syangja 17.2 121.05 160.04 201.96 291.28
73 Tanahu 16.9 125.66 163.82 217.15 305.11
74 Taplejung 13 144.06 210.40 175.38 387.15
75 Tehrathum 13.1 175.89 246.28 258.83 439.13
76 Udayapur 14.8 139.32 183.65 231.07 338.28
77 Western Rukum 18.7 101.93 140.24 113.70 178.73
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4.6. Change in Cold Spell Duration Index (CSDI) (%) for districts of Nepal from the reference period (1981-2010)

S.N. District Name Reference RCP4.5 RCP8.5
Period (days) | 2016-2045 |2036-2065 | 2016-2045 2036-2065

1 Achham 21.8 -60.00 -67.17 -61.38 -80.23
2 Arghakhanchi 21.2 52.57 -63.46 -63.93 -81.69
3 Baglung 19.8 51.40 -62.12 -49.87 -70.09
4 Baitadi 21.2 -59.93 -67.64 -70.83 -90.75
5 Bajhang 19.8 -60.14 -68.04 72.72 -92.16
6 Bajura 20.1 -60.21 -68.03 -72.51 91.73
7 Banke 22.6 -63.29 -69.15 -76.82 -91.33
8 Bara 21.8 44.68 -62.44 57.82 -75.37
9 Bardiya 22.6 -62.71 -69.58 -72.44 -89.71
10 Bhaktapur 20.5 -48.10 -60.97 -66.21 -84.82
11 Bhojpur 19.4 -44.60 -60.40 -43.07 -59.48
12 Chitwan 20.8 -47.45 -64.48 61.72 -80.39
13 Dadeldhura 21.5 -59.92 -67.40 -61.97 -81.18
14 Dailekh 21.8 -59.78 -67.15 -61.02 -79.82
15 Dang 22.9 59.18 -67.45 -75.19 -90.20
16 Darchula 19.7 -60.57 -68.57 -72.68 -92.06
17 Dhading 19 -50.06 -63.70 58.27 7745
18 Dhankuta 20.2 -44.82 -62.11 -23.09 -37.59
19 Dhanusa 21 -41.57 57.25 -24.63 -41.52
20 Dolakha 19.9 -44.68 -56.36 -49.78 -66.11
21 Dolpa 20 -53.88 -63.12 -58.60 -78.55
22 Doti 21.5 -60.06 -67.56 -62.63 -81.60
23 Eastern Rukum 21.8 -55.81 -65.90 -61.34 -80.08
24 Gorkha 17.9 -49.78 -62.27 -46.87 6712
25 Gulmi 20.2 -49.32 -62.21 -53.66 -73.24
26 Humla 19.4 -62.35 -71.07 -74.43 -92.72
27 llam 19.4 -43.26 -63.71 7.41 -22.08
28 Jajarkot 21 -58.60 -67.91 -64.22 -83.62
29 Jhapa 20 -42.64 -63.48 -2.95 -17.59
30 Jumla 20.5 -57.89 -68.10 -71.93 -90.84
31 Kailali 22 -61.50 -68.44 -67.75 -86.58
32 Kalikot 20.6 -59.56 -67.63 -68.90 -88.30
33 Kanchanpur 21.7 -61.13 -68.16 -66.22 -86.47
34 Kapilbastu 22.4 -49.95 -63.44 -63.38 -82.23
35 Kaski 18.8 -48.89 -60.59 -49.84 -70.92
36 Kathmandu 19.9 -48.85 -61.75 -65.36 -84.10
37 Kavre 20.5 -43.99 -61.03 -66.03 -82.87
38 Khotang 19.3 -43.42 -59.81 46.78 -63.54
39 Lalitpur 20.1 -43.94 -61.09 -65.72 -83.42
40 Lamjung 18.3 -48.41 -61.37 56.11 -76.25
41 Mahottari 21.3 -41.06 58.44 -18.47 -35.78
42 Makwanpur 20.9 -45.59 -62.80 -64.41 -81.91
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43 Manang 17.9 -50.58 -61.23 -56.25 -77.23
44 Morang 20.5 -43.74 -62.34 -11.51 -25.15
45 Mugu 20.8 -57.87 -67.42 -72.53 -91.29
46 Mustang 18.2 -49.69 -60.60 -50.86 -71.68
47 Myagdi 19.4 -49.33 -59.61 -47.55 -68.38
48 Nawalpur 20.6 -47.16 -63.70 -61.89 -80.44
49 Nuwakot 19.3 -48.29 -60.49 -60.22 -79.07
50 Okhaldhunga 19.4 -42.80 -59.18 -46.13 -62.37
51 Palpa 19.9 -47.46 -62.57 -54.77 -73.49
52 Panchthar 19.4 -43.73 -63.65 -13.36 -27.40
53 Parasi 20.6 -47.16 -63.70 -61.89 -80.44
54 Parbat 19 -47.70 -60.76 -46.25 -66.60
55 Parsa 21.6 -45.44 -63.48 -58.49 -77.69
56 Pyuthan 22 -56.36 -66.23 -66.75 -84.60
57 Ramechhap 20.2 -44.30 -59.29 -50.23 -66.38
58 Rasuwa 17.3 -50.00 -61.64 -46.84 -64.80
59 Rautahat 211 -42.90 -60.22 -40.32 -58.10
60 Rolpa 22.3 -56.34 -67.51 -66.17 -84.27
61 Rupandehi 21.2 -47.10 -63.82 -61.43 -80.19
62 Salyan 22 -60.94 -69.88 -72.04 -89.67
63 Sankhuwasabha 19.5 -47.38 -61.35 -38.77 -54.07
64 Saptari 20.5 -42.36 -57.90 4.22 -10.62
65 Sarlahi 20.6 -42.63 -59.58 -41.98 -62.07
66 Sindhuli 20.9 -41.91 -58.95 -38.99 -54.26
67 Sindhupalchok 19.8 -48.88 -60.13 -54.67 -71.49
68 Siraha 20.5 -41.87 -56.81 -4.57 -20.83
69 Solukhumbu 18.4 -45.52 -58.08 -57.13 -76.70
70 Sunsari 20.4 -42.75 -59.57 -17.52 -31.71
71 Surkhet 21.8 -60.76 -68.01 -63.02 -81.08
72 Syangja 19.2 -46.90 -61.41 -45.85 -66.11
73 Tanahu 19.6 -47.33 -62.31 -59.94 -79.20
74 Taplejung 17.9 -45.60 -63.65 -62.07 -81.20
75 Tehrathum 19.8 -45.57 -63.74 -24.83 -39.49
76 Udayapur 19.8 -42.36 -58.60 -28.43 -43.72
77 Western Rukum 21.8 -55.81 -65.90 -61.34 -80.08
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