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Foreword

The Fifth Assessment Report of Intergovernmental Panel on Climate Change has shown that
climate change is real and its impacts are serious. Due to its low level of development and
dependence of its people on natural resources for their livelihoods, Nepal is extremely sensitive
to the adverse impacts of climate change. In this context, the Government of Nepal has given
high priority to climate agenda, with the formulation of Climate Change Policy, National
Adaptation Programmes of Action, National Framework on Local Adaptation Plans of Action,
and appropriate institutional arrangements and programmes. One important initiative in this
regard is the study project on "Economic Impact Assessment of Climate Change in Key Sectors
in Nepal". This project was designed to directly address one of the targets set by the Climate
Change Policy.

This publication is the summary of the main report and includes the key findings of the study
which was conducted by a consortium consisting of Integrated Development Society Nepal,
Practical Action Consulting Limited, Nepal and Global Climate Adaptation Partnership, UK,
over the period of two years. Such a multidimensional study by its very nature, has limitations
specially in a country like Nepal where data are either lacking or inadequate or are not available
in disaggregated form. Despite this and the uncertainty inherent in future projection of climate
impacts, the study team has come up with a useful report that highlights the impacts and the
deficit in adaptation to climate change impacts. We hope this report will serve as a valuable
addition to the knowledge base on impacts of climate change and will contribute to policy
making and programme formulation.

This study is the first of its kind and we hope it will create a basis for future studies covering
other sectors of the economy. The methodology followed could also be useful for conducting
similar studies in other parts of the world.

On behalf of Ministry of Science, Technology and Environment (MoSTE), I thank the efforts of
the team of experts involved in the study and members of the Steering Committee for guiding the
study. I also appreciate the funding support of Climate and Development Knowledge Network.

The views expressed in this summary report and the main report: are those of the study team and

are not necessarily those of MoSTE, Government of Nepal. ﬁ
Sulrecy’

Dr. Som Lal Subedi
Secretary

Office Address : Tel. No. Fax : Email : Website ;

Singhadurbar 4211734, 42114641, 4211996 977-1-4211954
4211946, 4211894, 4211737

Kathmandu, Nepal 4211586, 4211698

info@moste.gov.np  www.moste.gov.np



Key Findings

This study provides estimates of the impacts and
economic costs of climate change for key risks in
Nepal. The key findings are summarised below.

Nepal suffers high economic costs
due to current climate variability and
extremes

+ The economy of Nepal and the livelihoods of
its people are very dependent on the climate: a
large proportion of the country’s Gross Domestic
Product (GDP) is associated with climate-sensitive
activities.

« Current climate variability and extreme events lead
to major impacts and economic costs in Nepal.

« These are dominated by floods, but also include
rainfall variability on agriculture (rain-fed agriculture,
soil erosion, droughts) and low season river flows
reducing hydroelectricity generation.

« The estimated direct cost of these events is
equivalent to 1.5-2% of current GDP/year
(approximately US$270-360 million/year in 2013
prices), and is much higher in extreme years, rising
to 5% or more. This is high by international levels.

- Consideration of the additional indirect and macro-
economic costs of these impacts could increase
current estimates by 25-100%.

« The analysis above was complemented with a series
of local case studies, which included new field
surveys.

- These studies found that the recent changes in
the climate are already leading to impacts on
local communities. These are magnifying existing
inequalities among groups in society, with
distributional differences by area and by gender.

Nepal is therefore not adequately adapted to the
current climate — the country has a large existing
adaptation deficit which is a priority for early action.

Future climate changeiis likely to
increase current impacts and lead to
additional future costs

- Climate change will exacerbate the impacts above,
as well as introducing new risks; though in some
sectors/regions it could also lead to benefits.

1

- The study assessed the potential future impacts

in Nepal using climate and impact models. This

was challenging due to the complex climate and
hydrology, the very large changes in elevation across
the country and the influence of the regional climate.

- The study used existing climate model projections

of future climate change. This focused on
downscaled outputs for Nepal, which have the high
spatial resolution needed to capture the elevation
gradient from the low plains to the high mountains.

+ The study used downscaled regional climate model

simulation projections for Nepal, focusing on a
medium-high emission scenario (the SRES ATB
scenario) but with interpretation of uncertainty from
other model runs (including the DHM portal and
statistically downscaled climate model results).

- These downscaled projections show high

uncertainty, with large differences across future
scenarios and between climate models. This
uncertainty is analysed in the study.

- The climate projections were used in a well-known

crop simulation model, the Decision Support
System for Agro technology Transfer (DSSAT) to
assess the future impacts of climate change on
agriculture. The results showed a distributional
pattern across the country, with large negative
impacts in the Terai, but a mixture of impacts and
benefits at higher elevations.

In the longer term (the 2070s), the models estimate
net agricultural losses in Nepal. These direct losses
are equivalent to around 0.8%/year of current GDP.

- These impacts could be more severe under some

future climate scenarios/model projections,
especially if there are changes in climate variability
as well as average trends. However, impacts could
also be lower under other futures, especially when
increasing irrigation is taken into account.

- A number of additional potential effects from

climate change are highlighted, including higher
flood risks, enhanced soil erosion and changes

in the range/prevalence of pests and diseases —
these would all be likely to increase impacts to the
agricultural sector.

- The study has also considered the future impacts

of climate change on the hydroelectricity sector,
using linked scheduling and power generation
investment models, with the VALORAGUA and WASP
(Wien Automatic Simulation Planning Package)
models.



The study considered two alterative climate model
projections for this analysis, which were input into
hydrological models to consider changes in river
flows.

The first run projected a decrease in low river

flow during the dry season, which increases the
capacity required for the system to meet electricity
demand, increasing investment costs. The additional
investment needed (from now to 2050, above the
future investment baseline) was estimated at a total
of USS$2.6 billion in present values (pv).

However, the second run projected an increase in
low river flow, i.e. a benefit, reducing investment
costs relative to the baseline by an estimated
USS0.2 billion (pv).

While there are potentially large impacts on the
hydroelectricity sector, the analysis highlights
that future effects are uncertain. There is therefore
a need to consider uncertainty in future sector
planning.

A number of other potential impacts were identified
for the sector, though not modelled, including

the risks of increasing high flows and floods, the
impacts of glacial-melt rates on river flows, and the
risks of Glacial Lake Outburst Floods (GLOFs) on
hydroelectricity infrastructure.

Finally, the climate projections were used to
consider the impacts of future climate change on
water-induced disasters, using alternative climate
model projections and hydrological models.

These show potentially large impacts, though
changes vary between catchments and with
climate—hydrological models. In most cases,
however, climate change was projected to increase
the intensity and frequency of high flows, and
increase flood risks in Nepal.

Detailed analysis in two different river basins
suggests that climate change could increase current
high river flows by 20-100% by mid-century (2040s).

At the same time, the return period of a flood of a
certain magnitude is found to reduce significantly,
such that the flow associated with a 1-in-10 year
event could happen every few years under climate
change, and a 1-in-100 year event could occur every
few decades.

An indicative analysis of the impacts of climate
change on water-induced disasters at the national
level estimates that the additional average expected
annual direct cost could be equivalent to 0.6-1.1%/
year of current GDP by mid-century (over and above
existing damages), with an upper estimate of almost
3%/year.

These increases in future impacts would also lead to
additional indirect and macro-economic costs.

Overall, the study concludes that the economic
costs of climate change in Nepal for these three
sectors could be equivalent to 2-3% of current

GDP/year by mid-century.




Adaptation can reduce these impacts,
but requires an iterative approach

Adaptation can reduce these impacts of climate
change, but it has a cost. Large resources are likely
to be required to address the existing adaptation
deficit, as well as to prepare for future climate
change.

While there is uncertainty associated with future
climate change impacts, this is not a reason for
inaction. However, it does require an adaptive
management framework (iterative climate risk
management).

This study has applied such a framework. It starts
with addressing the current adaptation deficit,

then considers the mainstreaming of resilience in
development and finally considers long-term future
climate change and uncertainty.

A number of early priorities for adaptation are
identified to address the existing adaptation deficit
and build resilience. These focus on capacity
building and ‘low and no regret’adaptation options.

The study then undertook a climate risk screening
and investment and financial flow analysis to
assess the potential costs of building resilience into
development and sector plans (mainstreaming).
This showed that the Government of Nepal is
already taking action to build resilience, though a
major increase in adaptation investment is needed.

The additional investment to build resilience

in current/future plans in the three risk areas
(agriculture, hydroelectricity and water-induced
disasters), from now to 2030, was estimated at a
total of US$2.4 billion (pv).

The study also identified the major long-term
challenges from future climate change and the early
actions needed to address the long-term risks as
part of iterative adaptation plans.

Recommendations and next steps

A number of priority areas for future consideration
and research are set out in the report. The most
important include the need to: build capacity

and enhance research and monitoring; scale up
the implementation of early ‘low and no regret’
adaptation measures; design and implement sector
adaptation investment plans (aligned to iterative
pathways); and start early programmes for the
critical first steps to address long-term climate
change.



Introduction

At the request of the Government of Nepal, the
Climate and Development Knowledge Network
(CDKN) funded this study on the ‘Economic Impact
Assessment of Climate Change in Key Sectors

in Nepal. The work was led by the Integrated
Development Society Nepal (IDS-Nepal), working
with Practical Action Consulting (PAC) in Nepal and
the Global Climate Adaptation Partnership (GCAP) in
the UK.

The primary objectives of the study are:

To provide headline and sectoral estimates of the
impacts and economic costs of climate change for
key risks in Nepal (agriculture, hydroelectricity and
water-induced disasters); and

- To identify climate compatible development
adaptation options which address these potential
impacts.

This report provides a summary of the work. A
technical report is also available at www.idsnepal.org.

Baseline Context

The study started with a country and context analysis
in order to identify the key issues for the agricultural
sector, hydroelectricity generation and water-induced
disasters, and to identify where to focus the research.

The agricultural sector accounts for around three-
quarters of employment and around one-third of
Gross Domestic Product (GDP) in Nepal. The sector is
predominantly made up of small-scale farming and
much of this is dependent on natural rainfall, though
there is a growing level of irrigation. Historically, the
agricultural sector has been heavily affected by floods
and erratic rainfall, although there have also been
droughts in recent years.

Water is critical for Nepal's power production

as hydroelectric plants provide around 90% of

total electricity. Rainfall has a major influence on
generation, affecting run-of-river plants (i.e. those
without storage reservoirs) as well as reservoir levels.
During the dry season, river flows are insufficient

to operate all plants, which results in high levels

of planned interruptions (often referred to as‘load
shedding'in Nepal), compounding existing problems
of unmet demand. Current electricity outages have
high costs for Nepal's industrial production, and
planned outages are likely to continue during the

dry season at least in the short-term. These impacts
are important as there are plans to develop further
capacity in the future and the sector is seen as a
major source of growth and exports.

Nepal is also frequently affected by water-induced
disasters. Flood inundation is the major climate-related
hazard in the country, affecting property, agriculture,
infrastructure (roads, bridges, communications and
transmission networks), business and commerce and,
at worst, causing loss of life. Landslides — which are
often related to extreme rainfall or flood events — can
also have significant impacts on communities and
infrastructure. Floods are particularly associated with
summer monsoon rains, and are a feature of current
climate variability. There are also additional risks from
Glacial Lake Qutburst Floods (GLOFs) which can impact
on communities and infrastructure for considerable
distances downstream.

This baseline information reveals that Nepal already
experiences high impacts from current climate
variability, and future climate change has the potential
to exacerbate these risks as well as introducing new
ones. This study has therefore undertaken a detailed
assessment of the potential impacts of climate
change and the associated economic costs in the
three areas (agriculture, hydroelectricity and water-
induced disasters), and looked at potential adaptation
responses.

Methodology

Recently, the climate change literature on vulnerability,
impacts and adaptation has changed. The latest
studies focus on early decisions, rather than on
long-term changes alone; and now also consider
uncertainty. As highlighted in the recent reports from
the Intergovernmental Panel on Climate Change
(IPCQ)", this requires a shift in countries’planning to
include adaptive management (iterative climate risk
management).

At the same time, as adaptation moves towards
implementation, there is a need to integrate
(mainstream) climate change in the context of
national development objectives and sectoral plans.
This requires the analysis of impacts over time, with
different targeted adaptation responses that more
closely relate to current policy.

The method used in this study recognises these
changes and has developed an iterative and dynamic

1 IPCCWGII (2014) IPCC WGII Summary for Policy Makers. Impacts,
Adaptation and Vulnerability. IPCC.
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Figure 3. Economic costs (national) of water-induced disasters (flood and landslide) in Nepal 1983-2010
Includes infrastructure, property and health damages, based on data from the Department of Water-Induced Disaster Prevention,

Nepal; 2013 prices.

Current climate variability also affects Nepalese
agriculture, which is predominantly small-scale and
heavily dependent on natural rainfall, leading to large
annual variations in production. As well as floods,
Nepal also experiences periodic droughts, which have
large impacts on the sector.

The economic costs of major droughts are large.
These events occurred most recently in 2006 and 2009
and the study estimates the direct economic cost of
these (from lost agricultural output) was equivalent to
1.9% (2006) and 0.4% (2009) of current GDP. As with
floods, the health and welfare losses associated with
food insecurity, along with the additional indirect and
macro-economic effects, would increase these direct
costs further.

Nepal also experiences natural hazards in the form of
GLOFs. While the damage and loss of life from these
events are important locally, historical events are

low (in terms of fatalities and damage costs) when
compared to the national flood damages reported
above. This is because of the low frequency of GLOF
occurrences (there have been seven major GLOFs over
the past fifty years) and also because they have had a
more limited geographical extent.

Nepalese agriculture in the hills and mountains is also
affected by soil erosion due to the steep gradients
and intense monsoon rainfall, leading to reduced soll
fertility and declining agricultural productivity. While
it has not been possible to quantify current losses,
the cumulative effects are likely to reduce annual
agricultural production by several percent in the
cultivated areas of the hills and mountains.

Finally, current climate variability also affects
hydroelectricity generation. The seasonal variation in
rainfall means that a number of run-of-river plants do
not operate at the desired or planned capacity during

the driest months of the year (January, February, March
and April). This leads to planned rolling blackouts
(engineered supply interruptions) to consumers, often
referred to as‘load shedding'in Nepal. These power
interruptions have high economic impacts, especially
in low rainfall years where they can also reduce storage
reservoir recharge (which occurs during the monsoon).
An analysis of the impact of climate variability on
electricity production (and the impact of planned
interruptions) indicates that economic costs could

be equivalent to 0.1% of GDP per year on average,

and 0.3% in very dry years. Hydroelectric plants are
also subject to the risks of floods including, in some
locations, GLOFs. Indeed, a multi-million dollar hydro-
power facility was lost in 1985 due to a GLOF event
and there have been more recent losses of micro-
hydro plants from floods.

The analysis shows that the direct economic costs

of current climate variability in Nepal are very high,
even for the three areas considered (agriculture,
hydroelectricity, water-induced disasters). These
impacts also have a major influence on livelihoods
affecting hundreds of thousands of people in extreme
years. They lead to high economic costs, estimated at
1.5% to 2% of current GDP equivalent in an average
year (approximately US$270-360 million/year in 2013
prices) and as high as 5% in extreme years. These
damages are dominated by water-induced disasters.
When indirect and macro-economic costs are added,
the total costs are likely to be 25-100% higher.

These results compare to average natural disasters
losses of around 0.3% of GDP for low-income
countries.? This shows that Nepal has a high existing

2 IPCC (2012) Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation. A Special Report of Working Groups
Iand Il of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, UK, and New York, NY, USA.



Box 1. Case Studies

While the study has focused at the national level,
there is a high degree of spatial variation in impacts
across the country, reflecting differences in climatic
and agro-ecological zones.
Importantly, there are also
large differences in the
distribution of impacts
across groups in society
(by gender or income
level). Three local case
studies were undertaken to B
complement the national |

level focus and explore

these issues, as well as capturing community-based
perceptions of recent climate trends. These used
household surveys, focused group discussions and key
informant interviews.

Hail Storms in the Kaski District

Hail storms are an important impact of current climate
variability affecting the agricultural sector, but are not
captured in most assessments of current impacts and
recent trends. To investigate these impacts, the study
carried out a case study undertaking new household
survey work in the Kaski District —an area which is
particularly affected by these events.

The case study found

a strong community
perception (around 80% of
households surveyed) that
hail storm events had been
increasing in frequency
and intensity. Based on
communities' recollection,
around 20 major hailstorm
events had occurred over the last 35 years, causing
significant damage to crop production (damaging
50-100% of key crops), livestock and infrastructure
(including water tanks, pipelines, and window panes).
Communities also mentioned that while relatively rare,
deaths and injuries to people had occurred.

In the communities studied, 85% of households now
use plastic tunnel farming or greenhouses to address
the problems of hailstorm damage (an autonomous
adaptation response). They have also started to
change cropping patterns partly to cope with the
hailstorm events, but also to increase income through
cash crops. Looking forward, climate change has the
potential to change extreme rainfall, which is a factor
in hailstorm formation, and thus these types of events
are relevant in terms of potential future impacts.

Flooding in the West Rapti River Basin

The second case study investigated flooding in the
West Rapti River Basin — one of the most flood-prone
areas of Nepal — with surveys in the Banke District.
This found that nearly all households had experienced
agriculture losses (around 60%) in major flood years
as well as an increase in waterborne diseases after
these events. The impacts of floods were found

to have strong distributional differences, with the
highest impacts on children and poorer females. For
women, many of these impacts arose post event, e.q.
associated with health impacts and difficulties looking
after themselves and taking care of their children.

The majority of households
(73%) believed that the
frequency of flooding
events had intensified

over the last decade. In
response, those who could
afford it had reinforced

the foundations of their
homes or raised the plinth
of the house. Some had intentions to migrate. Others
had changed their cropping systems or patterns. All

of these are forms of household-level adaptation.
While there are now community-level emergency
response plans and an early warning system, these
were only partially effective. Looking forward, the
anticipated increase in flood risks from climate change
has the potential to exceed current coping capacity,
and is likely to necessitate more extensive planned
responses.

Buckwheat Farming in Mustang

The final case study focused on the effects of recent
changes in climate on farming in Mustang — a semi-
arid part of the mountainous agro-ecological region of
Nepal, and an area of high vulnerability. The case study
focused on buckwheat, an important crop in the area
and one that is grown by most households.

The household surveys reported a decline in the
productivity of buckwheat over the last decade, with
changes in climate considered an important factor

in this decline. Looking forward, this highlights the
potential effects of shifting climate—agro-ecological
zones on many existing farming systems, and the need
to enhance the capacity of local livelihood systems to
adapt.




adaptation deficit by international levels, i.e. it is

not adequately adapted to the current climate. This
requires urgent action otherwise adaptation to future
climate change will be less effective. Addressing the
current deficit will also lead to immediate economic
benefits and is thus a priority.

The estimated direct costs of current climate
variability are equivalent to 1.5-2% of current
GDP/year in Nepal.

A key conclusion is that the country has a
large existing adaptation deficit.

Future Climate Change

The analysis of recent observational data shows

that the climate of Nepal is already changing.
Temperatures have increased rapidly over recent
decades, at a much faster rate than the global average.
There have been changes in precipitation as well,
including heavy rainfall, though the trends are more
complex and show wide variations across the seasons
and the regions of the country. There are also changes
observed in Nepalese glaciers, some of which are
retreating and thinning.

These trends are anticipated to increase with future
climate change, and the study analysed climate
model projections to asses these changes and
subsequent impacts. The study considered regional
climate model outputs and statistically downscaled
climate information, both of which have higher spatial
resolution. However, undertaking climate assessments
in Nepal is very challenging due to the complex
climate and the large elevation gradient across the
country. As a result, only a small number of regional
climate models have been run.

The study primarily used the climate modelling
results produced by the Indian Institute of Tropical
Meteorology (IITM), which used the PRECIS model
(Providing REgional Climates for Impacts Studies)

driven by the HadCM3 global circulation model (GCM).

This provided bias-corrected outputs for the A1B
scenario: a medium-high emission scenario that does
not consider global mitigation. Further details are
provided in the technical report.

The results of this projection show rapid increases in
temperature across the country under climate change,
with average maximum and minimum temperatures
increasing by 3-5°C by the end of the century (relative
to the baseline period). The changes in precipitation

9

are more varied, with high spatial and temporal
differences. Depending on the future time period

and the region of the country, there are differences in
whether increases or decreases in average rainfall are
projected, though there is a general trend of increasing
extreme precipitation.

The climate of Nepal is already changing
due to climate change, with increasing

temperatures and changes in rainfall patterns
in recent decades.

However, this only considers one climate scenario,
run with one model: there is considerable uncertainty
between different future scenarios and alternative
climate models (see Box 2) which is relevant for
assessing future impacts.

To address this, a detailed uncertainty analysis was
undertaken in the study, comparing different regional
climate model runs as well as statistical downscaled
datasets (which adjust global modelling results

based on local meteorological station observations).
Subsequently, for the water sector analysis different
climate model outputs were used, comparing the

[ITM runs to a second A1B projection using the PRECIS
model, but with the European Centre Hamburg Model,
ECHAMS, as an alternative driving GCM.

The uncertainty analysis found a consistent warming
trend, but with variations in the level of warming
across scenarios and models. However, it found large
differences in the projected changes of future rainfall
across climate models, seasons and locations, even in
terms of the sign of change. The subsequent changes
in river flow are further affected by the (uncertain)
effects of climate change on glacial ice reserves and
meltwater, which may increase river flow in the short-
term but reduce it in the longer term, at least for some
rivers.

The consideration of this uncertainty is critical in
analysing future impacts of climate change, and for
planning adaptation responses. It cautions against
the use of central projections. However, this is not

a reason for inaction. Instead, it highlights the need
to recognise uncertainty in planning any adaptation
response, using iterative strategies that allow learning
and updates over time.

Alongside the future projections of climate, the
study also considered strong socio-economic
changes, noting these are likely to be as important
as climate change itself for future impacts. There is
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high population growth projected for Nepal, with an
increase from 30 million today to around 35 million
by 2020, 40 million by 2030, and 46 million by 2050.
This will increase demand on land-use, natural
resources and water, and it will also increase the
number of people at risk from the impacts of climate
change. Economic growth in Nepal is projected to
continue, with GDP projected to increase by a factor
of five by 2030. While this will increase the assets at
risk, economic development should build adaptive
capacity and help reduce vulnerability.

Risk Screening and
Climate Mainstreaming

The study then considered the medium term —i.e. the
next couple of decades (to 2030) — focusing on the
risks of climate change to development in Nepal. This
places the analysis of impacts and adaptation within
the institutional structure of government, and takes
account of the existing programmes and policies. It
also provides baseline information to assess future
mainstreaming needs and adaptation investment,
aligned to existing Country Development Plans.

The study undertook an investment and financial flow
analysis — a form of Public Financial Management
assessment. This looked at the current and future
(planned) investment in each of the three sectors

of interest (agriculture, hydroelectricity and water-
induced disasters) and analysed the activities within
the current baseline of ‘on budget’ programmes and
activities, as well as ‘off budget'activities funded by
development partners and the private sector.

The study first considered the current budget
in hydroelectricity, water-induced disasters and
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Figure 5. Source of finance by ministry 2013-14 (in billion
rupees)
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Figure 6. Future investment baselines

agriculture (agricultural development and irrigation).
The total investment (public, off budget and private)
in these sectors in Nepal totals around US$1.8 billion/
year, as shown in Figure 5, but this is dominated by
agriculture.

Next, the study built a future baseline investment
profile to 2030, as shown in Figure 6. For hydropower,
total investment (including public sector, off budget
and private sector) was projected to increase in

real terms from US$390 million/year currently to
USS$1.1 billion/year by 2030,with a total investment of
USS5 billion for the period 2014-2030 (discounted).
For irrigation, investment was projected to increase
from USS$1.4 billion/year currently to US$3.8 billion/
year by 2030, with a total investment of US$17 billion
for the period 2014-2030 (discounted).

Finally, for activities that address water-induced
disasters, investment was projected to increase from
US$29 million/year currently (on river management,
watershed conservation) to US$60 million/year by
2030, with a total investment of US$321 million for the
period 2014-2030 (discounted).

Overall, there is projected to be continued high
investment and growth in agriculture, along with

a much higher relative increase in hydropower
investment. The planned investment in water-induced
disasters is lower, reflecting the dominance of state
and development assistance funding (for this public
good).
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over time and across the country, with potentially
high impacts in the Terai (especially for rice and wheat
production), but a varied pattern in the hills and
mountains that include some potential benefits.

In the Terai, the yields of some key crops are projected
to decrease by 10-20% with climate change by

the 2070s, leading to large impacts on national
production. The study also assessed the changes in
productivity and valued these to provide an overall
analysis of the changes.

In the 2030s, the impacts of climate change on
agriculture are mixed with the potential for even an
overall netincrease in production. However, as shown
in Figure 8, by the 2070s, climate change leads to a net
decrease in crop productivity and high economic costs
from lost production, estimated at USS$ 140 million/year
(current prices, undiscounted), equivalent to around
0.8% of current annual GDP.

The negative impact of food production potentially
increases food insecurity for vulnerable groups, and
has possibly high distributional effects, including on
women.

These estimates report the average results: in extreme
years the effects will be much more severe. The study
also found some indications of increasing rainfall
variability in later years, which could lead to major
impacts. However, these results do not take account
of irrigation and farm-level adaptation (e.g. crop
switching), which would reduce impacts.

A number of other impacts were also highlighted for
future consideration, including increased flooding,
increased soil erosion and the changing range and
prevalence of pests and diseases, all of which are
expected to have negative effects.
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Figure 8. Annual productivity changes (US$ million, 2013)
from climate change in the 2070s
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Finally, the analysis of uncertainty revealed potentially
large differences in future climatic variables which
translated into a wide range of possible impacts on
the sector. This included more modest or positive
outcomes (e.g. when average rainfall increases) but
also much more severe impacts (e.g. rainfall reductions
or greater variability).

Hydroelectricity generation

The analysis of the future impacts of climate change
on hydroelectric power used hydrological models to
link climate outputs with changes in river flows which,
in turn, were used as inputs to a hydroelectricity
optimisation modelling system (comprising the
Valoragua model and the Wien Automatic System
Planning model (WASP)). The analysis considered
changes in dry season flows and the operation of run-
of-river plants, as well as the effects of rainfall and river
flows on reservoir storage recharge.

The results were used to consider the effects of climate
change on electricity generation, and thus on the
future plant investment profiles needed to meet future
electricity demand in Nepal. However, the analysis of
river flows with climate change was very challenging
due to the complex nature of Nepal's climate, the
uncertainty in rainfall projected by the climate models
and its translation into daily river flows, and the
additional uncertainty from glacial meltwater. The
study found large differences projected by the climate
models; thus the analysis compared two different
model outputs.

The first model projected lower dry season flows and
thus lower energy availability. An example is shown in
Figure 9. The additional generation capacity needed
to meet future demand under this scenario, due to
climate change, was estimated at 2,800 MW (by 2050)
with an increase in costs of US$2.6 billion (present
value) for the period through to 2050, relative to the
baseline. This indicates a high economic impact from
climate change and and also additional thermal plants
on the system, increasing greenhouse gas emissions.

Run-of-river plant (very dry hydro conditions)

60
550 »
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HadCM3 (2041-2050) -e- ECHAMS (2041-2050)

Figure 9. Available energy from run-of-river plants with
climate change
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However, the second model, which projected higher
river flows in the dry and wet seasons led to increased
energy availability with climate change. This scenario
avoided the need for additional power, even relative
to the baseline, with an estimated reduction of
generation expansion costs of US$170 million (present
value) over the period to 2050 (i.e. a benefit).

The results indicate that the potential importance of
climate change on the sector is high, but that there is
considerable uncertainty over future changes, which
vary by climate model (as shown in Figure 10), river
catchment and over time. It is highlighted that using
historic data for the design of plants will not capture
these possible future changes. This necessitates more
monitoring and research, and a move to more flexible
and iterative planning.

A number of other impacts are also highlighted for
future consideration, particularly the increased risks of
GLOFs. These could have potentially high impacts on
the sector, and are an important factor in the design of
plant and future sector planning.

Water-Induced Disasters

The analysis of the future impacts of climate change
on water-induced disasters focused on the increase
in high flows and flood events, using climate and
hydrological models.

Data for two different river catchments (the Tamor and
Bagmati rivers) was used to assess the potential future
impacts of climate change. The results were analysed
to look at two inter-related questions. First, how will
the frequency of current return periods alter with
climate change, i.e. for a high flow event that happens
once every 10 years now (as a historical average), and
what will be the future return period for that same
flow with climate change? This provides information
on how much more frequently such an event will
occur. Second, how much will the magnitude of a
given high flow increase by, i.e. how much bigger is
the 1-in-10 year flow event under climate change and
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Figure 11. Change in return periods for two alternative
climate model simulations for the future (mid-century) —
for the Tamor River at Mulghat

how much might this increase damages?

To do this, the analysis looked at the change in
frequency and intensity of high river flows, and

thus the risk and impacts/damages of flooding (i.e.

the shift in the probability—loss relationship). The
results showed the intensity and frequency of high
flows — and thus water-induced disasters — increases
significantly with climate change, even by mid-century
(2040s). An example is shown in Figure 11.

The change varies with the river catchment and the
climate/hydrological model used; but, as an example,
the increase in current high flows (intensity) associated
with flood events (e.g. a 1-in-10 year event) were
estimated to increase by 20-100% by mid-century
(2040s) due to climate change. At the same time, the
return period of an event that currently occurs once in
every 10 years was estimated to occur once in every
five years (or less) with climate change. Perhaps of
more concern, the probability of very major events,
such as a current 1-in-100 year event, was found to
increase and thus occur much more frequently.

An analysis of the direct economic costs of these
changes estimates the additional direct costs of
climate change at US$100-200 million/year (current
prices, undiscounted), which is equivalent to 0.6-1.1%
of current GDP. The total costs (including indirect

and macro-economic costs) are likely to be 25-100%
higher. However, there is considerable uncertainty
and the changes could be much larger, with an upper
estimate of almost 3% of current GDP/year.

These values assume static socio-economic trends. The
population and assets at risk will increase significantly
in Nepal: the population alone is projected to increase
by over 30% by 2030 and GDP is projected to rise
five-fold. These changes could increase economic
costs by increasing people and assets at risk. However,
economic development is likely to increase adaptive
capacity and increase resilience, provided future risks

14



0, /1 *

#4.; #%6+10 (14
10) 674/ %*#0) "

20>;.
K.KKB.7=

-*Q=*2)87 9*=1@*B -*9=.-/;86 &*=4)<
,878610,<8/ 56*=.1.<1.7,.

206 A2??65 1C +9:D 9:89::89ED E96 7665 7@C 62(-J
252AE2E:@?

+96 :?4(62065 :?4:56746 @7 M@@5:?8 D 2:D@ -:<6-J E@
12406206 D65:>67E EC2?DA@CE (6DFE:?8 :? 2 9:896(
AC@AQ@CE:@? @7 5@H?E:>6 7@C 9I5(@6:64EC:4:E] A-27E
>2:78672?46 -24:60 (6ECG2E 2EEC:3FEGS E@ (:D:?78
E6=>AG6(2EFC6D 2E 9:896( 6-6G2E:@2D :D 2-D@ 4@7D:56065
<6:J E@ 2R64E E96 M@H (68:=6D @7 (:G6(D 2?5 :?4(62D6
E96 C:D<D 1C@> #& D

1?2=:J £96 DEF5J -0@<65 2E E96 A@DD:3-6 64@?0>J H:56
4@DED T0@> 4-:>2E6 492?86 ? 2?72-JD:D @7 :?AFE @FEAFE
E23:6D :567?E:L65 E96 >2.? =?<286D 36EH667? D64E@CD
+96D6 D9@HGS5 A@EG?E:2-=] =2086 =?<D E92E HAF-5 H:567
E96 :=>A24ED E@ @E96C A2CED @7 E96 64@?@>J 6DA64:2:J
1@C D64E@CD E92E 92G6 28(:4F-EF(2:- 275 =:G6DE@4< 32D65
"?AFED

&G602= E96 DEF5J 4@7?4-F565 E92E E96(6 206 AQEG?E:2J
9:89 64@?@>:4 4@DED 10@> 4=:>2E6 492?86 :? %6A2:
+96 5:064E 4@DED 1C@= E96 E9C66 2(62D 4@F-5 36
6BF.G2:6?F N  @74FC6?E " J62C

15" (7674" %1565 1( %.+/#6" %*#0) " #4~
216706t#..; 8"4; #4)"+0 "2#. Ot6*
"56t/#6" & (7674 #007#. +/ 2#%65 #%4155 6**
1(%744% 06

6%4" " #4"#5 "3718#.706 61 =
$; /& %"0674;

ec0cocccoe
+
==
+ =
+
eeccccoe

*7- >7=
7% 1.98;=-8$

()& -, ’u& | ] *, *&
; ( *+

"8t" 9O #0& . #,140"9

728&#6" 4752105"5

#0564"#/10) .
bt/ H6" H<HO) " .
884755 .
HEH2646:10 &" <l :
—
— DRIV I R N

.718-/8::=1. %
J*S$

—*g=+387

+96 DEF5J £967 20D6DD65 AREG?E:2- 252AE2E:@? @AE:@7?D
E@ CBDA@?5 EQ@ 4FCC67E 275 TFEFC6 (:D<D 2 :?:E:2- (6G.6H
:567?E:L65 2 G60J 2086 ?F>36( @7 AQE6?E:2: @AE:@7?D
E@E2-=:?8 D6G6C2: 9F?5(65 E9:D 9:89::89ED E96 7665 E@
AC:@C:E:D6 252AE2E:@?

-*9=*=187 ,8786!,

A*

+0 5@ £9:D E96 DEF5J 56G6-0A65 2? 252AE2E:Q?
A2E9H2J H9:49 =>2E4965 E96 E9066 272:-JE:42- DEGAD
2?5 E>6D42-6D +9:0 :D :=FDEC2E65:?E96 :8F(6  ?
DF>=>2(J

- +96 A2EQH2J DE2CED H:EQ 4F(C67E 4->2E6 G2(:23:=EJ
2?5 :567E:L6D :>>65:2E6 @AE:@?D E@ 255C6DD E96
61:0E:?78 252AE2E:@7 56L4EF  +9:D 1@4FD6D @7 E96
'567E:L42E:07 @7 @AE:@7?D E92E 2(61?@ @C -@H C68C6E

16 8005 E@ 5@ 2?JH2J 6G67 H:E9QFE TFEFC6
4->2E6 492786 27?5 42A24:E) 3F:5:?8 +96D6 92G6
'>>65:2E6 64@?@>:4 36?6LED 2?5 3F:-5 TFEF(6
(6D:::6746

- +96 ?61ED6E @7 24E:G:EE:6D  :D 2DD@4:2E65 H:E9
>65:F> £60> 56G6:0A>67E E:=>6D42-6D 2?5 1@4FD6D
@? =>2:?7DEC62=>:78 4-:>2£6 492786 +9:D :?4:F56D
27 20D6DD=>67E @7 E96 255:E:@?2: @AE:@?D 2?5
?2G6DE>67E :? ,* E@ 3F:506D::6746 :?E@ TFEFC6
56G6:QA>67E A:2?D FD:?8 :?GEDE=>67E 2?5 L?2?4:2:
M@H 2?22:JD:D




- The final set of activities is associated with the major
future risks towards mid-century. However, noting
the uncertainty with these, the activities (3) are built
up within an iterative plan that can be reviewed
and updated as information on risks emerges. This
includes the identification of early priority actions,
i.e. the immediate actions that are needed today to
plan for these future risks.

Addressing the current adaptation
deficit

Starting with the existing adaptation deficit, a number
of options were identified as possible priorities.

In the agricultural sector, these centred on enhanced
agro-meteorological information and forecasting,
farm-level adaptation (improved varieties, addressing
post-harvest losses), capacity building, awareness-
raising and institutional strengthening, and sustainable
agriculture/climate-smart agriculture (e.g. soil and
water management, conservation agriculture, agro-
forestry, soil conservation and slope stabilisation,
rainwater harvesting).

In the hydrological sector, early priorities were
identified around the improved management and
retrofitting of older equipment in current plants,

with additional activities around demand efficiency
(transmission loss reduction, end-use energy
efficiency) to allow more time and information before
future major investment plans are devised.

For water-induced disasters, early priorities were
identified for enhanced weather and hydrological
monitoring and forecasting, enhanced early

warning systems, capacity building and governance,
community-based adaptation and people-centred
interventions (increasing the resilience of households
and livelihoods).

Critical infrastructure resilience, ecosystem-based
adaptation and integrated land-use and water
management were also identified as cross-cutting
early priorities for all three sectors.

Many of these early options are already included

in existing policies and programmes, or have been
piloted. Therefore, a priority is disseminating good
practice and scaling-up. This requires supporting
capacity building (information, awareness-raising and
education, monitoring, institutional strengthening,
research and pilots).

[tis also highlights that there are barriers to the
introduction or uptake of some of these early

options, including opportunity or policy costs, and
they are therefore unlikely to happen on their own.
Consequently, there is a need to provide the necessary
enabling environment (capacity, policy incentives, etc.)
and planned support.

Mainstreaming adaptation

The study then considered the additional activities
needed to build resilience in sector development
plans in the medium term (i.e. to 2030). This built

on the investment and financial flow baselines and
climate risk-screening presented earlier, assessing
the additional activities and finance needed for
mainstreaming adaptation. This was based on
analysis and discussion (with Government and other
stakeholders) in each of the three sectors.

For hydroelectricity, the main additional risks related

to the reduction in river flow during drier periods for
run-of-river plants (and associated reduction in output)
and the increase in high flows (which will mean
facilities need to be planned with greater capacity).

Based on discussions and the analysis of the climate
and hydrological modelling results, the total
additional adaptation costs to build resilience into the
planned future sector development is approximately
USS$500 million, (present value) above the baseline for
the period of which US$200 million falls on the public
budget.

For agriculture, the additional costs were associated
with a wide range of programme investments for
resilience strategies for agricultural development and
irrigation plans. The additional adaptation costs were
estimated at USS1.7 billion (present value) for the
period 2014-2030, of which US$370 million falls within
the public sector budget.

Finally, for water-induced disasters, the increased
likelihood and intensity of flood events due to climate
change indicates a more substantial increase is needed
in resilience activities (and thus a higher relative
increase above the baseline than for the agricultural or
hydrological sectors).

The additional investment needs to
mainstream adaptation is estimated to
rise to US$295 million/year by 2020 and
US$530 million/year by 2030.

The total additional investment (current to
2030) is estimated at US$2.4 billion (present
value)

16
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Figure 13. Adaptation investment needs

The total additional costs of adaptation for the water
disaster sector were estimated at US$209 million
(present value) for the period 2014-2030, of which the
majority falls within the public sector budget.

The total additional adaptation needs for
mainstreaming climate change in these sectors was
estimated to rise to US$295 million/year by 2020 and
to USS$530 million/year by by 2030, as shown in Figure
13, with a total investment over the period (to 2030) of
USS$2.4 billion (present value, discounted). The increase
above baseline investment is shown in the figure.

A sensitivity analysis was also undertaken to consider
the uncertainty over future climate risks, using both a
low (more modest) and high (more extreme) scenario
— the latter implying almost a doubling of annual
investment would be needed by 2030.

Importantly, the decision on which future pathway

to adopt should be based on the learning over the
next few years, consistent with the iterative risk
management approach. This highlights the need for
early capacity building and enhanced information and
research over the next decade.

Itis highlighted these future investment costs are
indicative, as they are based on analysis of existing
programmatic spending, key risks and the costs

of possible interventions. The next step is to build
detailed sector investment plans to assess detailed
programmatic activities and costs.
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Iterative plans and early activities
(long-term)

Finally, the study considered the future major risks

of climate change to Nepal in the longer term and,
noting the uncertainty, developed initial iterative
adaptation plans. These identified the short-term
actions needed early-on, i.e. in the next few years,

in order to build the evidence base to improve
subsequent decisions and keep future options open.

For agriculture, the iterative plans centred on the
long-term changes in agro-ecological zones, crop
suitability and water use. An early identified priority is
to build the response capability to respond to these
emerging risks (as well as take advantage of potential
opportunities). This includes enhanced monitoring of
early changes, research and pilot-testing of promising
options (especially given the time taken to implement
major shifts). There is also a need for early analysis

of future land-use and agriculture under climate
change, and a priority for integrated water-resource
management.

For hydroelectricity, a clear priority is for enhanced
hydrological monitoring and research to better
understand emerging trends, as well as to improve the
information on the impacts of future climate change.
In the short term, an early option is for infrastructure
risk-screening, as well as pilots on improved design
and enhanced flexibility, to ensure plans can perform
robustly over future flow regimes (or have the
potential to be upgraded to do so in the future).
Under some future extreme scenarios, diversification
strategies on smaller plant sizes could be justified, but
these have high cost implications.

For water-induced disasters, enhanced early
monitoring and research is again highlighted, with
the use of this information in risk screening and
integrated (sustainable) land-use planning, i.e. to
avoid locking in development to future high risks
from climate change. This will require enhanced
planning and enforcement and, given the challenges
in these sectors, early institutional strengthening is a
priority. Early options in this area also include non-
technical (ecosystem-based adaptation, watershed
management) and the development of integrated
flood-risk management.

Across all three sectors, the immediate priority is

to build up more detailed iterative plans (including
portfolios of options) and to identify and implement
early programmatic activities (e.g. monitoring and pilot
programmes).



Future Priorities

A number of priority areas for future consideration and
research are set out in the technical report.

In terms of research, there are priorities for further work
to understand climate and impact uncertainty as well as
the indirect economic costs of impacts. There is also a
priority to advance research to address the major long-
term challenges of climate change. In addition, there is
a need to consider the differentiated impacts of current
climate variability (and future climate change) in the
design of adaptation plans and programmes.

In terms of policy, the most important priorities are

to scale up the implementation of early low and no
regret’adaptation measures, to design and implement
sector adaptation investment plans (aligned to
iterative pathways), and to start early programmes

for the critical early first steps to address long-term
changes in climate.

Finally, to support all of these areas, there is an
urgent need to build capacity, with information
and awareness-raising, monitoring, research and
institutional strengthening.
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