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Abstract: The Himalayas are highly susceptible to the impacts of climate change, as it consequently
increases the vulnerability of downstream communities, livelihoods and ecosystems. Western Nepal
currently holds significant potential as multiple opportunities for water development within the
country are underway. However, it is also identified as one of the most vulnerable regions to climate
change, with both an increase in the occurrence of natural disasters and exacerbated severity and
impacts levels. Regional climate model (RCM) projections indicate warmer weather with higher
variability in rainfall for this region. This paper combines bio-physical and social approaches to further
study and understand the current climate shocks and responses present in Western Nepal. Data was
collected from 3660 households across 122 primary sampling units across the Karnali, Mahakali and
Mohana River basins along with focus group discussions, which provided a rich understanding
of the currently perceived climatic shocks and related events. Further analysis of climatology was
carried out through nine indices of precipitation and temperature that were found to be relevant to
the discussed climate shocks. Results show that 79% of households reported experiencing at least one
type of climate shock in the five-year period and the most common occurrence was droughts, which
is also supported by the climate data. Disaggregated results show that perception varies with the
region and among the basins. Analysis of climatic trends further show that irregular weather is most
common in the hill region, although average reported frequency of irregular weather is higher in the
mountain. Further analysis into the severity and response to climatic shocks suggest an imminent
need for better adaptation strategies. This study’s results show that a vast majority of respondents
lack proper access to knowledge and that successful adaptation strategies must be adapted to specific
regions to meet communities’ local needs.
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1. Introduction

Responding to climate change and developing resiliency has become a global priority. Climate
action, however, is very context specific. Therefore, case studies that highlight better characterization
and understanding of climate change/variability, severity of stresses and impacts, and response
mechanisms and their effectiveness at basin or sub-basin levels are very important. Such studies from
the Himalayan regions are of further interest as the Himalayas are highly sensitive to climate change
and variability [1]. In the Hindu Kush Himalayan (HKH) region, climate change will have varying
implications for various sectors such as agriculture, energy and water resources, among others [2].
Regional climate model (RCM) projections suggest that the future climate in the Karnali and Mahakali
basins in the HKH region will be warmer with higher variability in rainfall dominated by sporadic high
intensity rains [3]. Under such future climate, these Himalayan rivers flowing through Western Nepal
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are projected to see changes in water availability and its spatio-temporal distribution [4,5]. Furthermore,
access to clean water, which is a prerequisite for peoples” health, will be a challenge. Changes in water
availability and its access will therefore greatly affect peoples” health as well as the agricultural sector,
which contributes to 39% of Nepal’s gross domestic product (GDP) and employs nearly 75% of the
country’s workforce [6]. Therefore, impacts of climate change on water and agriculture sectors will
affect the national economy.

Western Nepal spreads over 50,000 km? of the headwaters of the Ganges basin in South Asia.
Any impacts in the headwater will have implications in the downstream communities and ecosystems
in the Ganges basin as well. Western Nepal has high potential for economic development. However,
the region is also vulnerable to climate change [7]. Under projected changes in future climate, people
and ecosystems are likely to suffer even more, with or without further development of the region.
New studies are emerging to understand and quantify the threats of climate change [5,8,9]. However,
the consideration of climate shocks, defined here as the events that outstrip the capacity of a society
to cope with it, including events such as drought, floods, irregular weather, etc.; as defined in [8],
is still missing. Understanding the occurrence of climatic shocks, the stresses and risks induced by the
shocks, and suitable set of adaptation strategies across different locations are necessary for enhancing
climate-resilience of large underdeveloped basins like Karnali and Mahakali (please refer Figure 1 for
their locations).
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Figure 1. Location of study area in Western Nepal along with other relevant layers. Color squares are
regional climate model (RCM) grid cells; blue indicating mountain grids, orange as hill, and green as
Tarai grids for future climate projection.

Natural disasters such as flooding, droughts and untimely rains are natural weather events that
communities have faced and dealt with for generations. However, over the past two decades, climate
change/variability has accelerated the frequency, intensity and severity at which these natural disasters
occur. Adaptation to climate change impacts is emerging as a key development agenda across the
globe and in Nepal as well. The national adaptation plan of action (NAPA) and subsequent local
adaptation plan of action (LAPA) are designed to provide a guiding framework for the mitigation
and adaptation to climate change specific to Nepal [9]. However, there are missing links between
the extent of climate change, level of impacts, and suitability of various adaptations strategies in
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the context of Nepal. Past studies narrowly focused on either a bio-physical approach (analysis of
hydro-climatic data), or a social approach (analysis of perception of shocks based on social survey).
This study aims to combine the two approaches, as was done in [10], and further elaborate with the aid
of people’s perception and traditional knowledge in the study area. We integrate data generated from
both social and bio-physical studies to analyse different types of climate shocks, severity of stress and
risks associated with the shocks, and evaluate response mechanism considering the case of Western
Nepal. Such an inter-disciplinary approach is on rise in recent time recognizing the need to address
the multitude of factors that define climate shocks and a community’s adaptive capacity (e.g., [11-13]).

There is no universal response strategy and mechanism that works for all. Local response strategies
and mechanism may vary across any basin depending upon frequency of stressors, awareness
of community, and capacity (financial and technical) to recover from a shock. The strategies for
coping with a climate shock can generally be categorized into structural, technical, management,
socio-economic, and regulatory measures [9]. For example, when considering drought as the climate
shock, potential structural measures could include construction of water storage reservoir and irrigation
infrastructures [12]; whereas strategies geared towards developing drought-tolerant varies, such as
promoting micro-irrigation, and changing crop patterns could be potential technical measures [14-16].
Similarly, economic measures against droughts are crop insurance, migration for supplementary income,
and crop sharing [17,18]. In case of floods, the adaptation strategies could be the construction of
dykes/weirs (structural measure); flood forecasting and construction of houses with a floodable ground
floor (technical measure); building institutional capacity and improving institutional arrangements
for flood response (management measure); insurances for damages to crops/property/lives (economic
measures); and floodplain zoning and development of flood prevention standards (regulatory
measures) [19-23]. Additionally, designing an appropriate set of strategies for any location should
take peoples’ perception of climate shocks and associated severity of the risks into account.

Some studies (e.g., [24-27] have highlighted potential adaptation options for Nepal. However,
no studies explore the status of climate shocks and responses specifically for Karnali, Mahakali and
Mohana basins in Western Nepal. More importantly, in order to design better strategies and create
better policies, there is a need to understand the impacts of climate change/variability on people, the
predicted worsening, local people’s perception, and how they adapt. This study therefore aims to
address the gap by answering the following four research questions: (i) What type of climate shocks
have people perceived? (ii) What are observed climatological trends and their link to the perceived
climate shocks? (iii) How severe are the risks of climate shocks that people have perceived? (iv) What
are the existing response mechanisms to address the risks and how effective are they?

2. Materials and Methods

2.1. Study Area

The Karnali and Mahakali are the two largest basins located in Western Nepal (Figure 1).
The Mahakali River descends from 3600 m at Kalapani in Nepal to 200 m as it enters the Tarai plains.
The river flows through Uttaranchal in India, boarders between India and Nepal and continues to flow
down India. Only 32.4% of the basin area falls within Nepalese territory. Two important tributaries of
the Mahakali River in Nepal are Chamelia and Limpiyadhura rivers. The Karnali starts in the High
Mountains at an altitude covering 5500 m up to 7726 m, with the headwater lying at about 230 km
North from Chisapani (mainstream Karnali River length).

The Mohana River, lying in south of the Karnali Basin, descends from the Churia range, flows
through the Tarai plain and meets with the Karnali River at the Nepal-India border. The watershed
area of the Mohana delineated above the Nepal-India border is 3730.3 km?. The combined basin
area of Karnali-Mohana (KarMo) above the Nepal-India border is 49,889 km?. About 6.9% of the
KarMo basin lies in China. Major tributaries of the Karnali River are grouped in this study into
Bheri-Karnali (comprising Thuli Bheri and Sani Bheri), Seti-Karnali (comprising West Seti and Budhi
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Ganga) and Karnali-Main (comprising Mugu Karnali, Humla Karnali, and other remaining areas).
Table 1 highlights the key bio-physical characteristics of Mahakali, Karnali and Mohana. Being largely
snow-fed basins, they are also vulnerable to climate change impacts. These rivers see a short-term
increase in water availability during the dry season followed by long bouts of dwindling water
availability. Therefore, it is best that communities adopt locale specific adaptation strategies.

Table 1. Bio-physical characteristics of the three river basins in Western Nepal.

Characteristic Karnali Mohana Mahakali
Originates in leetani?;i‘;isnznd high Cﬁiﬂzlisifls High mountains
Basin area (delineated above > 2 >
Nepal-India border) 46,151 km 3730 km 17,371 km
Elevation range (elevation range
as seen in ASTER GDEM 5500‘7728‘3::1 g‘r‘fi’;tr‘“’am of Hf;‘ :59128 83-7378 masl
V2 [28]) p
Location Transboundary between China Nepal Transboundary between India
and Nepal (6.9% in China) and Nepal (68% in India)
Stream network Dendritic Parallel Denderitic
1361 glaciers over 1740 km? 87 glaciers over 143 km?
Glaciers and glacial lakes [29]) (127.81 km? of ice reserve) - (10.06 km? of ice reserve)
907 glacial lakes over 37.67 km? 16 glacial lakes over 0.38 km?
2 operational, 3
Hydropower projects in 127 proposed projects ranging under-construction and 5
Nepalese territory from 0.5-1000 Mega Watt (MW) ) proposed projects ranging from
0.99-6720 MW

2.2. Methodology

The overall methodological flowchart adopted in assessing climate shocks and responses in
the Karnali-Mahakali river basins are shown in Figure 2. It consists of identifying potential climate
shocks in the study area through literature reviews, focus group discussions (FGDs) and key informant
interviews (KlIs); designing and implementing questionnaire surveys for perception analysis; analysis
of climate shocks and severity of risks; analysis of climatological trends and their links to the
climate shocks; and evaluation of response mechanisms. The questionnaire used in basin-wide survey
is available at http://djb.iwmi.org/outputs/. The methods used in this study are described in the
following sub-sections.
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Identifying potential climate shocks in the study area

» Literature review
» Focus Group Discussions (FGDs) and Key Informant Interviewers (Klls)

Survey design, implementation and data pre-processing

+ Questionnaire design, pre-testing, and finalization

+ Sample size designand survey location identification

* Training of enumerators and supervisors (6-days training program)

+ Survey implementation— paper-based; 40 memberteam; 14 parallel groups
» Data digitization, pre-processing, cleaning, and finalization

Analysis of climate shocks and severity of risks Analysis of climatology of shocks

* Percentage of respondents receiving « Historical trends in nine
differenttypes of shocks segregated by = climatic indices at three
basins, physiographic regions, and gender stations and their linkage to

+ Perceived severity of risks of each shock by perceived climate shocks and
basins, physiographic regions, and gender their severity

Evaluation of responseto the shocks

+ Topthree responses to each climate shock
*+ % ofhouseholds who receive any sort of assistance to deal with the shocks
+ Typesofinstitutions involved in support services and timing of services delivered

Figure 2. Methodological flow chart for assessing climate shocks and responses in Karnali-
Mahakali basin.

2.2.1. Survey Design and Implementation

A structured questionnaire was designed utilizing prior experience of the authors (e.g., [13,15])
on designing a similar type of study. The draft questionnaire was further refined based on inputs
from FGDs carried out in the region. The survey questions addressed various aspects of water and
its uses, agriculture, climate shocks and responses, among others. The questions related to climate
shocks and responses were included in Sections 13 and 14 of a larger basin-wide survey targeted at
overall socio-economic characterization of water resource uses in the basins. These questions focused
on perceived climate shocks, risks associated with the shocks, especially extreme events such as floods
and droughts, and responses made to deal with the impacts.

The survey consists of a representative sample of 3660 households from 122 primary sampling
units (PSUs), which are defined as wards that represent the lowest administrative unit in Nepal,
applying multi-step sampling procedure. These PSUs were selected from 21 domains using probability
proportional to size (PPS) sampling method, where size is measured based on the number of households.
The domains were identified from five major river basins (i.e., Bheri-Karnali, Seti-Karnali, Main-Karnali,
Mohana, and Mahakli), three ecological regions (i.e., mountain, hill and Tarai plains), and the
presence/absence of hydropower projects. The disaggregation of the sample size across the 21 strata is
summarized in Table A1.

From each PSU, 30 households were selected using systematic random sampling method.
The sampling interval n depends on the number of households in a given PSU; that is, n = number
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of households/30. While selecting a random household, a landmark was identified and every nth
household was selected for interview thereafter. Households were eligible for the sample if they were
a permanent resident of the ward and if the chief wage earner or alternative knowledgeable house
member was available and willing to participate. Respondents living in the ward for at least one year
were considered permanent residents. If the sample household failed to meet the inclusion criterion or
refused to participate, the next neighboring household was selected in its place.

The survey questionnaire, originally designed in English, was translated into Nepali for
implementation. The survey was carried out during June-July 2017 through paper-based questionnaires
simultaneously by 14 survey teams consisting of over 40 enumerators, supervisors and monitors
trained by the Nepal Water Conservation Foundation (NWCEF). A 6-day training period was conducted
from 4-9 June 2017 for the enumerators and supervisors. No issues were reported during the survey.
No refusal to participate cases were reported by the survey team. Supervisors coded and verified the
collected data before entering into CSpro 5.0.

2.2.2. Analysis of Climate Shocks and Associated Risks

Eight climate shocks were identified as relevant to the region based on scoping studies and
FGDs carried out by the research team across various locations in the study area. These eight climate
shocks are therefore included in the questionnaire and are the following: droughts, untimely rains,
irregular weather, hailstorm, floods, animal disease, serious pest damage to crops, and market shocks.
Furthermore, an “other” category was also listed to allow for the identification of other climate shocks
that people have perceived in the locality. Respondents were asked to answer the survey questions
considering climate-related shocks they may have experienced in the last five years. Data gathered on
perceived shocks was analysed in terms of type of shocks, quantified as percentage of respondents that
have perceived specific type of shocks, and also discussed as frequency of occurrence of the shock
as perceived by the respondents. The severity of the risks associated with the shocks were analysed
in qualitative terms (i.e., low, medium, and high). Both frequency of shocks and severity of risks
were disaggregated further by physiographic regions (i.e., mountain, hill, and Tarai), and river basins
(i.e., Karnali-Main, Seti-Karnali, Bheri-Karnali, Mahakali, and Mohana) to understand the variation of
perceived shocks across Western Nepal. Chi-squared test of independence was conducted to provide
p-values to test statistical significance of the presented results. The p-value of p < 0.005 suggests the
results to be significant (at 95% level of significance), while those with p-values of p < 0.001 (at 99.9%
level of significance) suggest the results to be highly significant. The survey responses were analysed
in STATA, a statistical analysis software.

2.2.3. Analysis of Climatology of Climate Shocks

Nine indices of precipitation and temperature relevant to the climate shocks considered here were
identified from the comprehensive list of World Meteorological Organization (WMO) Commission
for Climatology (CCl) expert team on Sector-specific Climate Indices (ET-SCI). Selected references are
defined in Table 2. Literature review and expert opinion was used to subjectively relate the indices to
five of the eight climate shocks considered here, namely: drought, irregular weather, floods, animal
disease and serious pest damage to crops. The “untimely rain” is not considered as it cannot be
sufficiently described by the climate change indices defined at annual scale here. Hailstorms are not
considered as the formation of hails but are governed by the combination of thunderstorms, wind
updrafts and freezing temperatures of clouds higher in the atmosphere. The ET-SCI indices only
consider rainfall and surface temperatures, which are not sufficient to account for hailstorm conditions.
Market shocks are also not directly related to the indices. Upholding the principal of parsimony, the 10
indicators were selected so that a minimum number of indicators relatable to multiple shocks may
be considered.

The R-based ClimPACT?2 tool developed by the ET-SCI was used to calculate the relevant indices
at nine representative stations (shown in Figure 1) with good quality long-term data for 1980-2005
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across Western Nepal. Two of the stations fall in the mountain region, four in the hill region and three
in the Tarai region, the southern plains of Nepal, providing a basis for comparison of region-specific
implications of the climate indices. Further discussion of selection of the nine stations for climate
change analysis is provided in [30]. Quality of data at all nine stations were checked in ClimPACT2
and all identified outliers were reviewed prior to index calculation. Next, trends in the climatic indices
were evaluated by calculating the Mann Kendall Trend (MKT) test [31,32] and Sen’s slope statistics [31].
Further details on the implementation of the analysis is provided in [32].

Table 2. ET-SCI indices analyzed to understand trends in climate shocks in Western Nepal (Source:

modified after [33]).
ET-SCI Index Description Related to
tmm Mean annual daily temperature Animal disease; serious pest
damage to crops
Annual percentage of days with warm nights (i.e., Droughts; animal disease;
tn90p : . .
Tmin > 90th percentile) serious pest damage to crops
r10mm Annual number of days when precipitation >10 mm Irregular weather; flood
. Annual number of days contributing to events where six or
wsdi . . . Droughts
more consecutive days experience Tmax > 90th percentile
r20mm Annual number of days when precipitation >20 mm Flood

Maximum annual number of consecutive dry days (when

cdd precipitation <1.0 mm) Droughts; irregular weather
cwd Maximum annual nur'nl?er .Of consecutive wet days (when Flood; irregular weather
precipitation >1.0 mm)
rxbday Maximum annual five-day total precipitation Flood; irregular weather
svei Measure of “drought” using the standardised precipitation Droughts
P evapotranspiration index (SPEI) on time scales of 12 months &
3. Results

Figure 3 presents the coverage of the sampled households (HHs) in the survey. A total of 3660 HHs
were surveyed across the Karnali, Mahakali and Mohana river basins. Respondents from the hill,
mountain, and Tarai regions were 50%, 20%, and 30%, respectively. In terms of gender disaggregation,
71% of the respondents were male. The surveyed HHs have average population of seven persons/HH,
with minimum of one (1) and maximum of 25. While the average HH size remains similar across all
basins, results show that it is highest among the Dalit population, with a 7.5 average. Approximately
60% of the sample were either Brahmin or Chettri, followed by 20% of indigenous and 20% of Dalit
and less than 1% of Muslim or other unidentified castes. The proportion of female-headed HHs
were consistent across ethnicity stratification and ranged from 14% to 17%. Thirty-one percent of the
population was between 0-14 years of age, 62% between 15-59 years while 8% were over 64 years.
Details on perceived climate shocks, severity of risks, climatological analysis, and learnings from the
responses are discussed in the following sub-sections.
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Figure 3. Spatial distribution of 3660 survey households across districts in Western Nepal based on
stratification along 21 strata.

3.1. Perceived Climate Shocks

Figure 4 present the type of shocks perceived by HHs in the last five years across Western Nepal
and disaggregated by the three eco-regions: mountain, hill and Tarai plains. Floods and droughts
were identified as the two key climate risks that are affecting agriculture and livelihoods in the study
region. The p-value based on Chi-squared statistic is also presented in the Table 3 as a measure of
statistical significance as well as the goodness of fit of data, or the probability of the event occurring.
Out of 3660 surveyed HHs across Western Nepal basin, 79% reported experiencing at least one type of
climate shock. In an aggregate, 54% of the respondents have perceived drought, whereas hailstorm is
experienced by 52%, untimely rain by 33%, and serious crop damage by some 24%. Though drought
is the dominant shock at the scale of Western Nepal, it is not the dominant shock at the individual
eco-region level.
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Perceived Climate Shocks: Percentage of Respondents for Perceived Climate Shocks:
each Type of Climate Shocks in the Study Area Disaggregated by Physiographic Regions
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Figure 4. Percentage of respondents perceiving different types of shocks in the last five years—(a)
across the entire Western Nepal; and (b) across the three ecological regions (i.e., mountain/hill/Tarai).

Table 3. Severity of the risks to shocks perceived by households in the Karnali-Mahakali Basins. The
p-values are based on Chi-squared test.

Severit Basi
Shocks of v asin Total p-Value
Risks Karnali Mahakali Mohana
n 0/0 n O/o n O/o n 0/0
Drought OW 332 24 40 12 41 17 413 21
Medlum 648 46 121 35 126 52 895 45 0.00
High 420 30 180 53 76 31 676 34
Untimely Low 260 30 15 6 16 17 291 24
rain Medium 476 55 125 51 55 59 656 55 0.00
High 130 15 104 43 22 24 256 21
Irregular Low 180 42 18 9 17 38 215 32
weather Medium 177 41 100 51 28 62 305 46 0.00
High 70 16 77 39 0 0 147 22
Hailst Low 449 30 53 17 14 14 516 27
AUSLOIMEredium 454 30 108 34 57 59 619 32 0.00
High 595 40 156 49 26 27 777 41
Flood Low 29 19 5 3 13 9 47 10
oo Medium 48 32 53 35 65 44 166 37 0.00
High 73 49 94 62 71 48 238 53
Animal Low 59 17 12 18 18 23 89 18
disease Medium 171 49 37 54 36 45 244 49 0.63
High 121 34 19 28 26 33 166 33
S::(‘)"“s Low 53 14 17 8 2 15 112 13
damla) e Medium 244 63 145 65 159 56 548 61 0.04
8 High 920 23 60 27 82 29 232 26
Market Low 8 9 4 6 1 2 13 6
Shocks Medium 54 59 29 40 17 41 100 49 0.02
High 29 32 39 54 23 56 91 45

Disaggregated results show that perception varies with the region. A majority of respondents
who had experienced most of the considered shocks came from the hill region (e.g., drought, untimely
rain, irregular weather, hailstorm, etc.). Floods on the other hand, are the most common in Tarai.
Due to the topography of the Tarai plains, the entire region is vulnerable to flooding and inundation.
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Meanwhile market shock emerged as the dominant shock in the mountain region. The mountain region
in Karnali is one of the poorest and remotest areas in Nepal with limited to no road access in many
areas. Given the low income level in the region, accommodating to high fluctuations in market prices
on top of the already high cost of air transport may be a high risk factor for mountain communities.
However, it should be noted that the mountain region, comprising over 50% of Western Nepal, is not
as densely covered by the surveyed sample as the Tarai which comprises about 15% (Figure 4).

Across the regional scale, the pre-dominant climate shocks were droughts (54%), hailstorms (52%),
and untimely rains (33%) (Figure 4a). However, the results vary across the physiographic regions.
For example, the climate shock pre-dominant in Tarai is the flood (60%) and followed by serious pest
damage to crop (54%) and market shocks (50%) (Figure 4b). It is more likely for HHs in Tarai to have
access to and own comparatively larger plots of land to undertake commercial farming. Agriculture in
the hills and mountains, especially in Western Nepal are largely for subsistence farming, hence pest
damage may not be as big of a concern. Additionally, tropical temperatures in the Tarai could also
contribute to high amounts of pest infestation and damage. In case of the hill region, untimely rain
is the pre-dominant climate shocks (63%) followed by hailstorm (61%), and irregular weather (59%)
(Figure 4b); whereas for the Mountains, market shocks (41%), animal disease (33%), droughts (29%),
hailstorm (29%), and irregular weather (29%) are the prevailing form of climate shocks (Figure 4b).

Survey results were also disaggregated by five sub-basins as shown in Figure 5. Among the five
basins considered, respondents from the Karnali-Main, comprising largely of the mountain and hill
regions, experienced hailstorms and droughts the most, while flooding (Figure 5a) was experienced
the most in the Mahakali and Mohana basins. However, the dominance of specific shocks is not as
persistent at basin scale as seen in regional scales with values lower than 40% reported for most shocks
across the basins. Thirty percent and 17% of the respondents in Karnali-Main and Seti-Karnali basins
have experienced droughts in the last five years, respectively. Drought, hailstorm, untimely rain and
irregular weather were less prevalent in the Mohana basin compared to other basins. However, flood
and serious pest damage to the crops are the most dominant in the Mohana, the basin originating in
the mid-hills and most of the areas lying in southern plain of Nepal.
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(d)
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Figure 5. Percentage of respondents perceiving different types of shocks in the last five years
disaggregated by sub-basins: (a) flood; (b) drought; (c) untimely rainfall; (d) irregular weather;
(e) hailstorm; and (f) serious pest damage to crops.

In terms of frequency of climate shocks, as tabulated in Tables A2 and A3, floods were noted
on an average of three times over the last five-year period, with some respondents saying they had
experienced flooding events up to 65 times within the same time frame. Similarly, respondents noted
that droughts occurred at least twice in the five years, with the maximum frequency reported at 36.
Serious pest damage to crops followed closely at approximately three times over a five-year period.
When observing this data through the regional and basin lenses it can be noted that both droughts and
untimely rains were perceived to occur at similar frequencies across all three geographical regions.
However, flooding was noticeably higher with the average frequency of flooding in the Tarai at
3.56 times in five years, while the hill respondents reported nearly 2.25 times. Across the sub basins we
see that flooding was reported to occur most often in the Mohana and Seti-Karnali basins at 3.73 and
3.05 times, respectively.

Climate change/variability may lead to an increase in the occurrence of natural disasters like floods
and droughts and exacerbates their risks and impacts. Climate extremes inducing climate shocks will
continue to affect various sectors and communities. Survey results showed that HHs across the studied
region have repeatedly perceived these shocks and felt their negative impacts even over the relatively
short timeframe of the past five years.

3.2. Climatological Trends in Climate Shocks

Climatological trends at nine stations spread across three ecological regions and five basins were
analysed based on selected climatic-indices and their linkage with perceived climatic shocks. Quality
of time series data, both temperature and precipitation, were assessed using ClimPACT?2. Nine ET-5CI
indices summarized in Table 2 were identified as relevant to the shocks. Figure 1 shows the relative
location of the nine stations while Figure 6 shows the trend values in terms of the p-value for the MKT
and the Sen’s slope. Tabulated values are provided as Table A4. The Sen’s slope and MKT could not be
evaluated for some stations due to gaps in the data. The stations spread over the three eco-regions
provide a basis to compare the trends across the mountain, hill and Tarai stations. In Figure 6, nearly
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80% of cases do not show statistical significance at 5% confidence level. The majority of the statistically
significant p-values considering 5% confidence (or p < 0.05) appear in the mountain (two cases) and
hill (eight cases) stations for the temperature parameters. Highly statistically significant trends with
p < 0.001 are only reported six times. In Figure 6b, stations in the same regions are not always showing
the consistent direction and magnitude for the Sen’s slope.
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Figure 6. Historical (1980-2005) trends in nine selected ETCCDI indices across stations: two in mountain
(blue), four in hill (yellow) and three in Tarai (green). (A) p-value for the Mann-Kendall test (B) Sen’s
slope value for each of the indices.

Six of the climate shocks considered here have been related to a subset of climate indices for the
comparison of people’s perception and historical data trends on climate extremes. Note that the trends
are analysed for 1980-2005, whereas the survey conducted in 2017 represents the impression from the
last five years; tentatively 2012-2017. Hence, people’s perception and historic trends based on climate
data may not match perfectly. Droughts were reported as the dominant shock which the majority of
respondents experienced across Western Nepal.

Droughts represent conditions with extended periods of dryness with no rainfall and high
temperatures. Thus, the temperature (t790p, wsdi) and precipitation (cdd, spei) indices, indicative of
such conditions, are related with drought here. The tn90p represents the percentage of days with
high temperatures indicated by nights with minimum temperatures higher than the 90th percentile.
The wsdi tracks the consecutive occurrence of days with maximum temperatures higher than the 90th
percentile. Similarly, cdd represents occurrence of consecutive dry days with precipitation lower than
1 mm. spei is a standard measure of drought. The trend for tn90p indicated by Sen Slope in Figure 6b is
positive across all stations except station 104 in the hills. For stations 202, 303 in the mountains, 194 in
the hills and 209 in the Tarai, these positive trends are statistically significant. The trend in wsdi is
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highly positive for all hill stations, statistically significant for station 104 and zero for the rest. Similarly,
cdd is highly positive across all stations and regions, with a statistically significant value in hill station
513. The spei values across all stations are near zero.

Irregular weather is related here to indices r10mm, rx5day, cdd and cwd. r10mm indicating number
of days with rainfall exceeding 10 mm is selected to analyse deviation in occurrence of normal wet
days. rxbday represents the quantity of the maximum annual five-day total rainfall, respectively.
The cwd is similar to cdd but represents the occurrence of consecutive wet days. Rx5day, cwd and cdd
are selected to capture the irregularities in weather pattern caused by extreme rainfall. R10mm has
the positive trend for most of the hill and Tarai stations but a negative trend for mountain stations.
Rxbday consistently shows an alarming negative slope across all stations, except stations 202 and 514
while cdd is consistently positive. The trend in cwd is not strong or consistent across the stations.
As shown in Figure 4, irregular weather is perceived the most in the hills, with 59% respondents
reporting it. However, the average frequency of irregular weather reported in the survey (Table A2) is
the highest for the mountain. The four indices hint towards irregularity in terms of decline in rainfall.
A tighter definition of irregular weather would help direct comparison of perceptions and climate data.
Note however that trends in these four parameters are not statistically significant for all stations except
for hill station 513 for cdd.

3.3. Perceived Severity of Risk from the Climate Shocks

Further information on the severity of risks to the shocks was gathered from the HHs that
experienced shocks. In order to know the severity of the climate-induced shocks, respondents were
asked to classify the impacts as either low, medium, or high. Severity is defined low if no major harm
was done to the household, medium if manageable damage occurred and high if loss of land or life
threating events occurred. Results disaggregated by basins are shown in Table 3 and with ecological
regions are presented in Figure 7 (please refer Table A5 for data). The highest proportion of the HHs
perceived medium severity of risks to the shocks for droughts (45%), untimely rain (55%), irregular
weather (46%), animal disease (49%), serious crop damage (61%), and market shocks (49%). It is worthy
to note that the most commonly reported shock earlier was droughts, with 54% of the respondents
having experienced them, however, their perceived risks are medium across all regions. Over 53%
reported high severity of the risks for flood and 41% for hailstorm. In the recent years within Nepal,
especially in the Tarai, catastrophic flooding has left many people homeless, with a loss of resources
and even the loss of lives. Still, little assistance has been provided to locals to help develop adaptation
strategies against floods that in-evidently come with the monsoon every year.

Across the basin categories, it is observed that droughts were most commonly felt in the Karnali
basin, with a majority (46%) of the respondents describing the severity as medium. The severity of
risks from flooding is consistently considered as “medium” across all three basins with 32%, 35% and
44% of respondents in the Karnali, Mahakali and Mohana, respectively, experiencing medium severity
of the risks (Table 3). However, respondents across the study area during the survey as well as FGDs
perceive that the damage potential of the recent flood events are increasing. This further supports the
need for better adaptation strategies from floods whose frequency might be relatively low, but impacts
might be severe.

In general, perceived severity of risks associated with most of the climate shocks is medium.
On average, over the past five years, a HH in the Tarai experienced flooding more frequently (3.56
times) than those households in the mountain (2.32 times) and hill (2.25 times) regions (Table A2).
However, on further investigation we find that floods are ranked as a high risk shock in the Tarai
region more often, while droughts and untimely rains are high impact shocks in the hill region. There
is comparatively little dependency on rainwater in the Tarai than in the hills and mountain regions
due to easy access to surface water in rivers or groundwater. As a result, untimely rains are less likely
to affect communities in the Tarai as much. In the hill region, irrigation sources are mostly river water
along with rainwater, and without the seasonal rains, the region is very vulnerable to harvest damage.
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Perceived Severity of the Risks Associated with the Climate
Shocks: Disaggregated by Regions
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Figure 7. Severity of the risks to shocks perceived by households in the Karnali-Mahakali
Basins—disaggregated by the type of shocks as well as physiographic regions.

3.4. Response to the Shocks

Sixteen potential responses to the climatic shocks, as can be seen in Table 4, were listed in the
questionnaire. The respondents were requested to list their response (one or more) to different shocks
from the list of 16. Despite the prevalence of climate shocks like floods and droughts in many parts of
Western Nepal, communities lack measures for-post disaster recovery. Results showed that the most
common response to the climatic shocks was “doing nothing”. This further strengthens the argument
that there is a knowledge gap amongst households on how to effectively adapt to the various climate
risks that they face on a day to day basis. The only instance where the outcome was varied was for
“serious pest damage to crops”, where the response is “use of pesticides”. Farmers have known how to
combat pest damage for generations, making this climate shock one that they are familiar with, and
well equipped for. The fear of financial loss or the threats to food security from “serious pest damage
to crops” has potentially provided locals with the incentive to develop adaption measures that they
can apply at individual level to curb such risks. Shocks like floods and droughts may not be similarly
managed as easily and cheaply at the individual level.
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Table 4. Top three responses for each shock.

Shocks and Responses Respondents Shocks and Responses Respondents
Total % Total %

Droughts 1978 54 Flood 445 12

@ Did nothing 1386 70 @ Did nothing 330 74
@ Left the land fallow 409 21 @ Left the land fallow 26 6
@ Borrow money from others 71 4 @ Reduced food consumption 21 5
Untimely rains 1205 33 Animal disease 493 13

@ Did nothing 1018 84 @ Did nothing 319 65
@ Left the land fallow 81 7 ® Sold livestock 84 17
@ Borrow money from others 31 3 @ Used pesticides 23 5
Irregular weather 668 18 Pest damage to crops 892 24

@ Did nothing 525 79 @ Used pesticides 481 54
@ Left the land fallow 64 10 @ Did nothing 342 38
@ Borrow money from others 44 7 ® Changed cropping patters 19 2
Hailstorm 1910 52 Market shocks 202 6

@ Did nothing 1606 84 @ Did nothing 156 77
@ Borrow money from others 114 6 @ Borrow money from others 16 8
@ Left the land fallow 80 4 ® Reduced food consumption 15 7

Top three responses for droughts, untimely rains, irregular weather, and hailstorm were doing
nothing, left the land fallow, and borrow money from relatives/others (Table 4). The percentages of
responses, however, varied for different shocks, even though doing nothing was reported by more than
70% in all these shocks. In case of flooding, in addition to doing nothing and leaving the land fallow,
5% of the respondents also answered “reduced food consumption”. This could be due to several
factors including crop damage, food rations ruined or depleted by the flood water, and delays in
providing food supply or relief material to the affected communities. In case of animal disease, selling
livestock and in case of pest damage to crops, changing cropping patterns are new types of responses
compared to the other shocks that the community are practicing. When there are market shocks, 15%
of respondents reacted by borrowing money from relatives/others and reducing food consumption.

In addition to self-responses, this study also analysed the pattern of support services provided
by other agencies, including government, to assess the effectiveness of the provided services. A very
low percentage, only 3.3%, of the sample households received support services of some form (Table 5).
However, whether the post-disaster support was accessed with pro-activeness of community themselves
or those of supporting agencies are not evident due to lack of adequate data. It was noted that a higher
proportion of marginalized Dalit households (7.1%) said that they got support for aftershocks than
other ethnic groups. Although the percentage of households receiving some support was very low, less
than 10%, the level of support that mountain household received after the shocks was higher (6.4%)
compared to hill (2.2%) and Tarai (2.9%).

Table 5. Percentage of households who received any sort of assistance to dealing with the shocks.

Category % of Household Category % of Household
By basin Region
Karnali 3.4 Mountain 6.4
Mahakali 43 Hill 22
Mohana 2.4 Tarai 2.9
By gender of HH head Ethnicity

Male 3.4 Non marginalized 2.0
Female 2.8 Marginalized Janajati, and Madhesi 3.3
Dalit 7.1

Total 33
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Furthermore, respondents who received any assistance were asked to indicate the agency
responsible for aiding in the post-recovery process. More than two-thirds of the respondents (67%)
indicated that the government agencies were major service providers for climatic shocks (Table 5).
Other notable service providers included relief agencies, and groups in the communities. Table 6
summarizes the responsible party for providing support services across all climate-related events.
However, support from family and local community groups were found to be the most time sensitive,
occurring only at the time of the shock. Interestingly, saving community groups and friends are also
the leading source for loans among the surveyed population, at 30% and 24%, suggesting a higher
propensity to depend on these sources.

Table 6. Support services and timing of services received by households from different institutions.

HH Receiving any Support (N = 122) Timing of Services Received (%)
Supporting Agency n o At the Time Within a Within a Within 6
of Shock Week Month Months
National government agency (e.g.,
DADO, DOI, DWIDM, etc.) 44 36 30 23 23 23
Government support
District-level government (i.e., DDC) 6 5 33 0 16 67
VDC-level government 32 26 0 3 16 81
Relief agency 29 24 48 28 21 3
Saving groups 7 6 29 71 0 0
Community/Social groups 4 3 75 25 0 0
Others in community 21 17 88 6 6 0
Extended family 3 2 100 0 0 0

Notes: DDC—District Development Committee; DADO—District Agriculture Development Office;
DOI—Department of Irrigation; DWIDM—Department of Water-Induced Disaster Management; HH—household;
VDC—village development committee.

Government agencies—National Government Agencies, District Development Committee (DDC)
and Village Development Committee (VDC)—were noted to have delays when providing their relief
services. In the past, the response lag time from the government agencies could be explained by the
presence of bureaucracies, systematic nuances, and inadequate systems. Now that the municipalities
hold more authority in the federal government, the documentation and relief efforts are expected to
have a quicker response time. Only 30% of the respondents said that government agencies provide
support services immediately at the time of the climatic shock. This highlights the need for better
transfer systems as relief in the form of monetary funds, sustenance and transportation (such as boats)
is the most crucial following the immediate onset of natural disasters. Communities within Karnali
district lamented how boats were not provided as a timely response to the massive flooding that
occurs each year with the monsoon rains, hereby restricting their mobility and hindering the process
of ration collection. The current LAPAs have helped individuals across an array of thematic areas
including agriculture, livestock, and food security. Incorporating resilience strategies prior to climate
shocks can further help communities improve and protect their livelihoods. Further, NAPA and LAPA
strategies must be gender-responsive and must incorporate local existing knowledge, innovations by
communities through collective action and other local practices into its policies too.

4. Discussion and Conclusions

Nepal's geographical landscape already makes it vulnerable to an array of climate shocks. Over the
past decades, climate-induced changes have contributed in increased frequency, duration and severity
of the risks to many of the climate shocks experienced by communities in Nepal. Additionally, a large
number of communities living in these flood and drought prone areas are low to middle income
households, hereby having limited access to the necessary resources to equip them with relevant
adaptation strategies. The increased risks to climate/non-climatic shocks on water and agriculture
sectors are likely to have significant implications on communities, hereby affecting the national economy
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that relies so heavily on natural resources. It is imperative that Nepal also adopts necessary adaptation
strategies to better equip communities with the tools and knowledge required to protect themselves
against future climatic hazards.

Western Nepal has a significant potential to contribute to national prosperity with a variety of
comparative advantages. However, the region is relatively more vulnerable to climate change impacts.
Therefore, understanding the level of climate shocks/stress, severity of risks to the shocks, and the past
responses across different locations are important for future climate-resilient development planning.
This study assessed perceived climatic shocks, climatological trends and their links to the perceived
shocks, perceived severity of risks, and responses in the Karnali-Mahakali river basin in Western Nepal.
A large-scale (3660 household) basin-wide survey was carried out to assess perceptions on climatic
shocks, perceived severity of risks to the shocks, and responses; and climatological data from nine
stations were analysed for trends in climatic indices.

One or more kind of climate shocks are perceived by approximately 80% of the respondents.
Droughts and hailstorms are perceived by more than half of the respondents, whereas 33% and 24% have
perceived untimely rains and serious crop damage, respectively. A household in the Tarai experiences
flooding more often (>3.56 times) than in the mountain (2.32 times) and hill (2.25 times) regions. Floods
are a high-risk shock in the Tarai region, while droughts and untimely rains are high-risk shocks in
the hill region. Previous research also highlighted that the Karnali and Mahakali, two out of the four
largest rivers in Nepal, are comparatively less vulnerable to flooding in the mountain and hill regions,
but more likely to create damage in the Tarai plains [34]. Such variation in perception of floods across
the regions may also stem from communities in hill and mountain regions, residing largely in hill and
mountain tops, where rising water levels in the river may not necessarily impact livelihoods. In contrast,
agricultural lands in Tarai lie closer to riverbanks for easier access to water for irrigation, making them
more susceptible to floods. Prevalence of rain-fed agriculture in the hill as compared to Tarai may
explain the higher perception of untimely rains, hailstorm and irregular weather that directly impact
crop production in the hills. The results also vary across the basins; respondents from the Karnali-Main
comprising largely of the mountain and hill regions, experienced hailstorms and droughts the most,
while most people in Mahakali and Mohana experienced flooding. Mohana basin, lying entirely in
the Tarai, comprises of a parallel network of streams originating in the steep mid-hills and abruptly
flattening into the plains. The streams are characterized by peak flows and flash floods during the
monsoon. As a result, it experiences more flooding as well as serious damage to crops. As a majority
of agricultural activities in Western Nepal rely on water resources, various climate shocks that directly
and indirectly affect water availability can quickly ruin yield and disrupt crop harvesting. The impact
of one shock can have differing levels of severity across the various ecological regions and basins.
For instance, HHs in the Tarai have access to groundwater, making them less reliant on rainwater for
agriculture than HHs in the hill and mountain regions. The Nepali agriculture industry contributes to
27.04% (https://www.statista.com/statistics/425750/nepal-gdp-distribution-across-economic-sectors/)
of the GDP. As a result, the implications of climate change on agriculture in Nepal can have significant
impacts on livelihood security of local communities and the national economy.

The climatological trends of nine selected indices at nine stations spread across the three ecological
regions and five basins also complements the perceived climate shocks. The results indicate increases
in dry and warmer conditions with a majority of the temperature indices trending towards rise in
temperatures, while precipitation indices like rx5day and cwd indicate a decline in rainfall. More extreme
events like floods and droughts are therefore already experienced, which are likely to increase in
future as well. The positive historical trends in tn90p and cdd support the high perception of droughts.
The positive trend in wsdi, which only occurred in the hills and higher Sen’s slope for cdd in the
hills, may support the perception of drought as the fourth most reported shock perceived by 53% of
respondents in the hills. The higher frequency of occurrence of droughts in mountains than in the hills,
however, cannot be supported by the trend data. Flood is related to r20mm, cwd and rx5day, all of which
do not show statistical significance trends at 95% level of confidence. All three indices consider high
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rainfall situations that are likely to trigger floods. The highly negative trend in rx5day for Tarai stations
209 and 207 in comparison to the mountain and hill stations do not support people’s perception of
higher dominance and frequency of floods in the Tarai. The majority of the stations also have negative
slopes for r20mm, except for station 514 in the hill. Climate shocks like animal disease and serious
pest damage to crops have been related to the temperature indices tmm and tn90p, considering the
higher likelihood of occurrence, growth and spread of disease causing pests and microbes in higher
temperatures. The tmm represents mean temperature while tn90p is the percentage of warm days.
Except station 514 in the hill and 207 and 405 in the Tarai, for which Sen’s slope could not be evaluated,
the trends in tmm and tn90p are significant or highly significant. All stations report a positive trend,
except station 104 in the hill reporting a high negative value that is also statistically significant. There is
no differentiable trend across the three ecological regions. However, the general rise in temperature
across all regions supports the prominence of the pest damage to crops in Tarai where large scale
and commercial agriculture is more common than in other regions. Overall, the emerging trends
hint towards an increase in dry and warmer conditions with the majority of the temperature indices
trending towards rise in temperatures while precipitation indices like rx5day and cwd indicate a decline
in rainfall. Such historic trends can explain the survey reports on occurrence of droughts, temperature
rise conducive to pest damage to crops, and irregular weather.

Perceived severity of risks from climate shocks were also analyzed. The highest proportion of
households have perceived a medium severity for drought, untimely rain, irregular weather, animal
disease, serious crop damage, and market shocks. More than half of the respondents have perceived
high severity of the risks to flood and 41% for hailstorm. Literature supports that the topography of
the Tarai plains makes the entire region more vulnerable to flooding and inundation [34]. A large
proportion of households in Nepal, and the Tarai depend on agriculture and rural livelihoods for their
income and food security. The susceptible geographical topography in the Tarai, coupled with the
dependency on agriculture, further aggravates the severity risks to floods as families have a lot at
stake. Research conducted by [34], highlights that the Karnali and Mahakali Rivers, two of the four
largest in Nepal, are comparatively less vulnerable in the mountain and hill regions. Floods are more
likely to create damage in the Tarai plains, and as the paper points out, this is further exacerbated by
climate change.

Despite the prevalence of climate shocks like floods and droughts in many parts of Western
Nepal, communities lack measures for post disaster recovery. With 70% of the households relaying
that their response to climatic shocks has been “doing nothing”, this study highlights the imminent
need to better equip Nepalese communities to adopt adaptation strategies. A small percentage of
respondents were forced to sell their productive assets, including livestock, while some reduced food
consumption in response to flooding. Local communities frequently have limited access to resources
and knowledge that can protect them against these climate risks. It is also more likely that these
vulnerable communities do not have the required information to access available government or
non-government- based assistances. As a result, more often than not, communities are unable to do
anything in response to climate shocks. A small portion of the respondents, who potentially have access
to information and resources, and have more flexibility in use of available resources, are responding
in different ways such as selling livestock in case of animal disease, changing cropping patterns and
using pesticides in case of pest damage to crops. There are also cases where farmers left their land
fallow as it was damaged due to irregular weather. Some cases of “reducing food consumption” as
a response for shocks was also reported, indicating the extreme response which is of concern on a
humanitarian ground.

Climate change continues to be a challenge for development, and without building the resilience
of communities and ecosystems, rural communities will continue to lose assets including land, crops,
housing, livestock and health. The design of adaptation strategies and response mechanisms to deal
with climate shocks and associated impacts will therefore need to take these aspects into consideration.
In order to empower communities across Nepal with the necessary skillset, there should be improved
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access to resources, services, markets, technologies, and decision making agencies that are tailored to
their local and physiographic needs.

Finally, the methodology adopted in this study is applicable to other areas as well. Depending
upon location and dominance of issues, the questionnaire may need to be customized appropriately to
ensure that adequate information is collected to support for appropriate interpretation of results.
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Appendix A

Table Al. Selected sample size by PSUs. HP is hydropower. PSU is primary sampling unit.

. . . Population Sample Sample Adjusted
Basin Eco-Region Hydro Clusters  Population Proportion Size PSUs Sample Size
Mountai HP 8095 0.2 7 1 30
BheriKamali e None HP 24,281 0.6 21 1 30
eri-farmnaft il HP 241,428 58 209 7 210
! None HP 556,754 134 481 16 480
Mountai HP 25,868 0.6 2 1 30
ountain None HP 376,937 9.1 326 11 330
) ) i HP 138,480 33 120 4 120
Main-Karnali Hill None HP 264,786 64 29 8 240
Tarai HP 6027 0.1 5 1 30
arat None HP 17,0138 41 147 5 150
Mountai HP 87,602 2.1 76 3 90
Seti. Karnali ountain None HP 191,047 46 165 6 150
et Rarnalt il HP 60,395 15 52 2 60
! None HP 362,092 8.7 313 10 300
Mountai HP 51,719 12 45 2 60
ountain None HP 81,655 2.0 71 2 60
) ) HP 28,976 0.7 25 1 30
Mahakali Hill None HP 254,117 6.1 220 7 210
Tarai HP 0 0.0 0 0 0
arat None HP 281,129 6.8 243 8 240
il HP 0 0.0 0 0 0
Moh ! None HP 7436 0.2 6 1 30
ohana Tarai HP 0 0.0 0 0 0
arat None HP 920,830 22 796 26 780
Summary 12 21 valid clusters 4,139,792 100.0 3579 122 3660
Table A2. Frequency of climate shocks across the regions.
Climate Shocks Statistics Mountain Hill Tarai Total
Mean 2.61 217 2.33 2.32
Droughts Minimum 1 1 1 1
Maximum 36 32 8 36
Mean 231 248 241 243
Untimely rains Minimum 1 1 1 1
Maximum 5 6 7 7
Mean 2,51 2.26 1.92 23
Irregular weather Minimum 1 1 1 1
Maximum 5 5 12 12
Mean 2.82 1.99 2.16 2.25
Hailstorm Minimum 1 1 1 1
Maximum 10 7 7 10
Mean 2.32 2.25 3.56
Flood Minimum 1 1 1 1
Maximum 5 65 12 65
Mean 1.96 1.66 1.98 1.866
Animal disease Minimum 1 1 1 1
Maximum 5 5 10 10
Mean 2.23 2.63 2.61 2,55
Serious pest damage to crops Minimum 1 1 1 1
Maximum 6 10 50 50
Mean 2.76 2.59 3.79 3.26
Market shocks Minimum 1 1 1 1
Maximum 23 5 25 25
Mean 2.18 3.8 35 3.54
Other Minimum 1 1 1 1

Maximum 4 15 5 15
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Table A3. Frequency of climate shocks across the sub-basins.
Climate Shocks Statistics Karnali Seti Bheri Mahakali Mohana Total
Mean 2.41 2.38 1.93 2.63 2.18 2.32
Droughts Minimum 1 1 1 1 1 1
Maximum 32 36 5 5 8 36
Mean 242 2.51 227 2.68 213 243
Untimely rains Minimum 1 1 1 1 1 1
Maximum 7 5 5 6 5 7
Mean 2.29 2.6 1.87 2.57 1.87 2.3
Irregular weather Minimum 1 1 1 1 1 1
Maximum 5 5 5 5 12 12
Mean 2.45 221 1.85 2.5 2.05 225
Hailstorm Minimum 1 1 1 1 1 1
Maximum 10 7 5 5 7 10
Mean 2.68 3.05 2.52 2.75 3.73 3.04
Flood Minimum 1 1 1 1 1 1
Maximum 12 5 65 6 12 65
Mean 1.96 1.85 1.63 1.93 1.74 1.87
Animal disease Minimum 1 1 1 1 1 1
Maximum 10 5 5 5 5 10
Mean 2.25 2 34 3.26 2.09 2.55
Serious pest damage to crops  Minimum 1 1 1 1 1 1
Maximum 10 7 5 50 5 50
Mean 2.48 3.78 2.67 3.75 3.51 3.26
Market shocks Minimum 1 1 1 1 1 1
Maximum 5 23 5 25 11 25
Mean 3.27 2.72 6.9 5 3.53
Other Minimum 1 1 1 1 1
Maximum 15 5 10 5 15

Table A4. Climatological trends in nine ET-SCI climatic indices. Slope is Sen’s slope and p-value is

MKT p-value. Red-shading indicate p-values < 0.001, which indicate a high statistical significance while

yellow-shading indicate p-values < 0.05, which show a statistical significance at 5% confidence level.

Parameter Trend s202 @ Mountain $303 @ Mountain s514 @ Hill
Over [1980-2005] Slope p-Value Slope p-Value Slope p-Value
tmm 0.048 0.000 0.028 0.107
tn90p 0.272 0.047 0.236 0.010
r10mm —-0.333 0.061 -0.221 0.203 0.444 0.176
wsdi 0.000 0.062 0.000 0.931 0.000 0.609
r20mm —0.200 0.063 —-0.067 0.216 0.429 0.059
cdd 0.500 0.315 0.258 0.674 0.545 0.383
cwd 0.185 0.095 —-0.059 0.510 —-0.100 0.633
rx5day —0.511 0.640 —-0.596 0.362 0.058 1.000
spei —-0.003 0.000 —0.005 0.000
Parameter Trend 5104 @ Hill s406 @ Hill s513@Hill
Over [1980-2005] Slope p-Value Slope p-Value Slope P-Value
tmm 0.055 0.001 0.030 0.005 0.029 0.028
tn90p —-0.487 0.001 0.088 0.591 0.166 0.176
r10mm —-0.300 0.122 0.059 0.740 0.000 1.000
wsdi 0.633 0.001 0.212 0.052 0.300 0.184
r20mm —-0.267 0.097 0.000 0.912 0.000 0.921
cdd 0.720 0.365 1.444 0.112 1.244 0.024
cwd —-0.231 0.063 0.000 0.965 0.000 1.000
rx5day —0.400 0.724 —1.342 0.332 —0.528 0.568
spei —-0.007 0.000 —-0.002 0.002 —0.001 0.086
Parameter Trend 5209 @ Plain 5207 @ Plain s405@Plain
Over [1980-2005] Slope p-Value Slope p-Value Slope p-Value
tmm 0.034 0.065
tn90p 0.243 0.032
rl0mm 0.056 0.730 0.000 0.842 0.200 0.369
wsdi 0.000 1.000
r20mm —-0.118 0.441 —-0.100 0.671 0.000 0.901
cdd 0.059 0.895 0.444 0.632 1.000 0.197
cwd 0.000 0.979 0.000 0.954 0.000 1.000
rx5day -1.978 0.398 —2.958 0.463 0.378 0.747
spei 0.001 0.227 —0.003 0.000 0.001 0.339
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Table A5. Perceived impacts of the climate shocks as per ecological regions.

Climate Shocks Severity Total Region p-Value
Mountain Hill Tarai
No % No % No % No %
Low 413 1 226 55 128 31 59 14
D Medium 895 24 203 23 502 56 190 21
roughts . 0.00
High 676 18 149 22 422 62 105 16
Total 1984 54 578 29 1052 53 354 18
Low 291 8 183 63 72 25 36 12
Untimely rains Medium 656 18 77 12 497 76 100 15 0.00
High 256 7 11 4 207 81 38 15 :
Total 1203 33 271 23 758 63 174 14
Low 215 6 125 58 62 29 28 13
Irregular weather Medium 305 8 32 10 226 74 47 15 0.00
High 147 4 39 27 105 71 3 2 :
Total 667 18 196 29 393 59 78 12
Low 516 14 234 45 243 47 39 8
Hailst Medium 619 17 145 23 361 58 113 18 0.00
arstorm High 777 21 176 23 570 73 31 4 .
Total 1912 52 555 29 1174 61 183 10
Low 47 1 17 36 14 30 16 34
Medium 166 5 8 5 41 23 117 70
Flood High 238 7 9 4 92 9 137 ss 000
Total 451 12 34 8 147 33 270 60
Low 89 2 28 Bill 30 34 31 35
. . Medium 244 7 70 29 75 31 99 41
Animal disease High 166 5 66 40 64 39 3 2 000
Total 499 14 164 83 169 34 166 B3]
Low 112 3 27 24 26 23 59 53
Serious pest damage ~ Medium 548 15 94 17 140 26 314 57 0.00
to crops High 232 6 41 18 86 37 105 45 ’
Total 892 24 162 18 252 28 478 54
Low 13 0 6 46 1 8 6 46
Medium 100 3 54 54 7 7 39 39
Market shocks High 91 2 24 26 10 11 57 63 0.00
Total 204 6 84 41 18 9 102 50
Low 1 0 0 0 1 100 0 0
Medium 38 1 6 16 31 82 1 B8]
Other High 30 1 17 24 80 1 . 7
Total 69 2 11 16 56 81 2 3
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