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Abstract
Climate change is a global threat which has particularly strong impacts on countries whose economies
are highly dependent on agriculture and still developing–likeNepal. As these impacts increase, there is
a need to understand how thosemost vulnerable are experiencing and reacting to climate change. As
such, this study aims to understand the effects of climate change via changes in atmospheric
conditions in Bansar VillageDevelopment Committee, a rural community located in Lamjung
District, and document community-led adaptation strategies. Household surveys and focused group
discussionswere conducted in conjunctionwith long-termmeteorological data. Results show the
temperature has increased significantly in the study area. Additionally, precipitation has increased in
the pre-monsoon,monsoon, and post-monsoon seasonwhile it has decreased inwinter leading to
droughts. The probability of erratic rainfall occurrence and severe weather such as hailstorms has also
increased. Lastly, invasive species have been reported and observed. The combination of these impacts
has led to increased crop failure and consequently decreased agricultural production thus threatening
the livelihoods of this agricultural based community. However, Bansar residents are actively working
to adapt to andmitigate the effects of climate change. Their responses include changing farming
methods and installing newwater infrastructure.

Introduction

Climate change is now recognized as amajor global issue bearing social, political and economicdimensions
(Reilly, 2001).While climate change ultimately affects all countries, some countries are atmore and immediate
risk. This is especially true for those countrieswhich are economically dependent on agricultural resources anddo
not have robust infrastructures.Nepal is one of those countries. In fact, it has been ranked as the 4thmost
vulnerable country to climate change (Maplecroft 2011). Landlocked between India andChina, the country is one
of themost geographically andbiologically diverse places onEarth. Its topography ranges from theHimalayas,
including thehighest point on theplanet,Mt. Everest, in the east to thenear sea-level Terai plains and Saara jungle
in thewest. This divides the country intofivemajorphysiographic regions: theTerai Plains, SiwalikHills,Middle
Mountains,HighMountains (consisting of theMainHimalayas and the InnerHimalayan valleys) and theHigh
Himalayas. Its climate ranges fromsubtropical in the south to arctic in the north (Shrestha andAryal 2011). Nepal
is significantly affected by the south-easterlymonsoonwhichprovidesmost of the precipitationduring the rainy
summermonths (June to September) (Shrestha andAryal 2011).Monsoonal precipitation is themost important
climatic element for agriculture aswell aswater resources of the country (Malla 2009).

Anumberof studies conductedonhistorical climate inNepalhaveproved significantwarming trendsparticularly
in recentdecades (Shrestha andNepal 2016).Moreover, results fromCoupledModel IntercomparisonProject, Phase
5 (CMIP5)models suggest that themeanannual temperatures areprojected to increasebetween1.3 °C–3.8 °Cby the
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2060’s (WorldBank2019).Winters are alsoprojected tobedrier andmonsoon summerswetter andmore intense
likely leading tomore frequent summerfloods andwinter droughts (WorldBank2019).

Consequently, thismay result in an increase in frequency and intensity of extreme events (Aryal et al 2014).
However, due the strong geological diversity inNepal, the level of climate change’s impacts vary across the
country. For example, temperature levels inwestern and central Nepal are expected to increase at a higher rate as
compared to easternNepal (Timsina 2011). Specifically, the observed impacts of climate change inNepal
include temperature increase, erratic rainfall, unpredictablemonsoon seasons, increased occurrence of storms,
landslides, and droughts (Gentle andMaraseni 2012;Devkota et al 2013; Khanal 2014). Furthermore, there is an
increasingly concern aboutHimalayan glaciermelt as it has resulted in glacial lake outburst floods (GLOF)
which have proven deadly (Mool et al 2001; Bajracharya et al 2007; Shrestha andAryal, 2011).

Climate change can significantly affect crop production thereby increasing food and livelihood insecurity
(Malla 2009;Ministry of Environment (MOE) 2010, IPCC2018). InNepal, in 2012/2013, rice,maize, andmillet
production fell by 11.3, 8.3, and 3%, respectively, due to inadequate rainfall and prolonged droughts (Ministry
of FinanceMOF (2013)). Over the last decade, around 30,845 hectares of land became uncultivable due to the
climate-related hazards. 76%of the landwas dependent on rain and consequently affected by the erratic patterns
of rainfall, drought, flashfloods, and landslides (CBSCentral Bureau of Statistics ofNepal (2004)). Given that in
Nepal, over 68%of the population relies on agriculture for livelihood and the sector accounts for 34%of the
country’s gross domestic product (GDP), rapid changes in cultivable land can have grave impacts (International
LabourOrganization ILO (2016)). This especially creates concern for the food security of thosewho reside in the
remote, rural hill ormountain regions ofNepal which are already significantlymore food insecure than other
areas (Nepal Food SecurityMonitoring SystemNeKSAP (2016)).

Many studies have investigated the impacts of climate change on communities inNepal (Aryal et al 2014;
Becken et al 2013; Chaudhary andBawa 2011;Maharjan et al 2011; ect) but given the number of Districts in
Nepal and diversity of communities among them, there is still a gap in research between the impacts of climate
change and associated local responses. Therefore, this study aims to understand the impacts of climate change
on livelihoods and community adaptation strategies based onmeteorological data and community perceptions.
Several studies have shown howpeople’s perception on environmental changesmatchwith the conclusions
derived from institutionalized scientific research (Maddison 2006,Devkota 2014).While by definition, people’s
perception is changing per se, at the same time as it is shaped by a complex interaction of socio-economic and
cultural aspects (Vedwan 2006, Gbetibouo 2009), it remains that perception and traditional local knowledge can
fill data-less related gaps (Huntington 2000). These data gaps aremore frequent in Least DevelopedCountries
such asNepal, which, in turn, are also themost vulnerable to climate change impacts (Huq et al 2003). Thus, we
hope to use this study to add to the growing body of literature on climate change impacts in rural communities
and illuminate adaptation andmitigation strategies.

Methods

Study area
Bansar is a rural village located inWestNepal in the LamjungDistrict (figure 1). It is one of the 57Village
Development Committees (VDCs) in LamjungDistrict and covers an area of 43 km2. As for LamjungDistrict, it
covers a total area of 1692 km2 and is comprised of three geographic regions: themid-hill, high-himal and high
hill. Themid-hill and high hill combined cover eighty percent of the total district landwhile high himal covers
twenty percent.While plains are found along riverbanks and foothills,much of the land is steeply sloped and is
highly prone to soil erosion. Land suitable for cultivation covers about 35%of total land in the district. On
average, the annual temperature is recorded from aminimumof 14.1 °C to amaximumof 26.7 °C.
Furthermore, the annual precipitation is recorded as 2944.23 mm.The district shows diverse climatic
conditionswhich is primarily a reflection of the gradient in topography. Lamjung is comprised of 5 climatic
zones: tropical (up to 1000 m), sub-tropical (1000–2000m), temperate cold (2000–3000 m), sub-Alpine
(3000–4000 m), andAlpine andTundra (above 4000 m) (AEPC2014; Shrestha 2014). The Bansar VDC itself is
very similar to other villages found in the hill area. It is only accessible by trekking and is located among terraced
hillsides. The last census VDC-level census of Bansar was in 1991 and reported approximately 500 households
scattered throughout the area (CBSCentral Bureau of Statistics ofNepal (1991)).Most villages inNepal are
associatedwith a specific indigenous groupwhohasmastered a certain type of subsistence farming. In the case of
Bansar VDC, this is the Tamang people who traditionally practice subsistence farming that consists ofmaize and
millet. Bansar VDCwas chosen as the study site due to the social connections that the lead author hadwith the
community.
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Data collection and analysis

Climatic data
For climatic data, long-term temperature and rainfall datawas obtained at nearbymeteorological station
(figure 1) from theDepartment ofHydrology andMeteorology. Data has amonthly temporal resolution and
spans a 30 year period from1989 to 2010. The seasonalmean rainfall and temperature for four prominent
seasons (i.e. pre-monsoon,monsoon, post-monsoon, andwinter)were calculated. Furthermore, the
significance of trends (against the null hypothesis of no trend) in temperature and rainfall were tested using the
non-parametricMann–Kendall test as seen in table 2 (Yue et al 2002). A standardized precipitation index (SPI)
was alsomodeled using the long-termprecipitation data followingMcKee et al (1993) as seen infigure 2. SPI
represents the probability of occurrence of an observed rainfall amountwhen comparedwith the rainfall
climatology at a certain geographical location, over a long-term reference period. The index corresponds to the
number of standard deviations that observed cumulative precipitation deviates from the climatological average,
and can be calculated for any time scale.

Figure 1.Map ofNepal and study area.

Figure 2. Standardized precipitation index (SPI) over 1981–2010 in LamjungDistrict.
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Survey data

Ethnographic researchwas undertaken for threeweeks during the spring of 2016.Data was collected from three
sources including: (i) household surveys, (ii) focused group discussions, and (iii) key informant interviews. The
social connection that the lead author hadwith the community (i.e. an uncle of a relative) allowed for trust to be
establishedwith Bansar residents and led to honest dialogue and responses from those interviewed in a relatively
short amount of time. The combination of household surveys, focused group discussions, and key informant
interviews allowed forwide range of responses fromdiverse number of participants (N=50). Additionally,
direct field observationswere undertaken to understand agricultural pattern changes. Particularly, changes in
farming land and forest cover were noted alongwith invasive species observed and dry community wells.

Household surveys
Twenty household surveys using a semi-structured questionnaire were completed. Questions were designed to
determine the participants’ perception of climate change through changes such as disaster intensity and
frequency, rainfall and temperature (See appendix).

Focused group discussions
In order to acquire information regarding specific changes in livelihood patterns, agricultural practices, and
temperature and precipitation levels, a focused group discussion together with a local indigenous community
group known as Aama Samuhawas conducted (figure 3). TheAama Samuha aremade up ofwomen from each
household in the village. They are involved in planning community activities, looking after finances, fetching
water, and getting fodder from the jungle. Thesewomenwork closely with the nature and are oftenmore active
in agriculture given thatmanymen leave the village in search of work. Thus, they can provide valuable local
knowledge of the climate conditions for Bansar.

Key informant interviews
Lastly, elders from select householdswere used as key informants in order to help identify perceived changes that
occurred over 30 years ago. The same questions from the household surveywere used for the focused group
discussion and key informant interviews, but the latter two allowed formore detail to be conveyed andmore
open-ended responses.

Figure 3. Focused group discussionwith indigenouswomen’s groupAama Samuha.
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Results and discussion

Temperature
Temperature and rainfall are considered as twomajor climate change indicators in this study and their variation
in the 30-year period of 1981–2010 are analyzed and presented in this section. Themonthly climatic data
averaged for 1981–2010 are given in table 1 and can be visualized infigure 4. The average annualmaximumand
minimum temperatures are 27 °C and 14.9 °C, respectively. Themean annual temperature for the same period
is 20.9 °C. Temperature was also averaged for each year (figure 5). The highestmeanmaximum temperature of
28.84 °Cwas recorded in 1999. Similarly, the lowestmeanmaximum temperature of 25.41 °Cwas recorded in
1983. The result of theMann–Kendall test for the variation of average,maximumandminimum temperature
are summarized in table 3, suggesting that the trends of all temperature-related parameters are increasing and
statistically significant at 95% confidence level. Since the seasonal variations in temperature can significantly
affect the overall trend, it is also of interest to investigate the trends for each season separately. The seasonal
trends formean,maximum, andminimum temperature are shown infigures 6, 7, and 8 respectively.Moreover,
variations inmaximum temperature trends infigure 7 are stronger compared to those ofmean andminimum
temperatures which can be attributed to the potential cyclic impact of the ElNino SouthernOscillation (ENSO)
events over the study area (Shrestha et al 2000).

Table 1.Monthly temperature and rainfall data for 1981–2010.

Monthly temperature (°C)

Month Max Min Mean Monthly rainfall (mm)

January 20.1 6.6 13.4 25.6

February 22.1 8.9 15.5 49.4

March 26.4 12.6 19.5 83.3

April 29.9 15.8 22.9 110.4

May 30.5 18.3 24.4 237.7

June 30.9 20.5 25.7 546.5

July 30.1 21.2 25.7 852.3

August 30.3 21.1 25.7 842.1

September 29.6 19.6 24.6 485.4

October 27.8 15.4 21.6 95.9

November 24.7 11.0 17.8 15.4

December 21.1 7.7 14.4 20.9

Average 27.0 14.9 20.9 280.4

Figure 4.Monthly average temperature and rainfall in Lamjung compiled from a 30 year period from1989 to 2010. The bottom side,
middle line, and top side of each box denote the 1st, 2nd (ormedian), and 3rd quartiles, respectively. The bottom and top dashes of
each vertical line are theminimumandmaximumof data.
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Rainfall
Monthly accumulated rainfall at themeteorological station of Lamjung for 1981–2010 are given in table 1 and
seen infigure 4. Themonths of June-September disclose the higher rainfall rates (i.e.Monsoon season)whereas
themonths ofNovember-February have the lowest. The highest annual rainfall rate of 4435.9 mmwas recorded
in 1996, while the lowest annual rainfall rate of 2245.9 mmwas recorded in 1981 (figure 5). The results of the
Mann–Kendall test for the variation of annual average and seasonal rainfall from1981 to 2010 are shown in
table 3 andfigure 9. As it can be seen, the pre-monsoon,monsoon, and post-monsoon rainfalls have increasing
trendwhile thewinter rainfall has decreasing trend.However, all trends are statistically insignificant at the 95%
level.Moreover, there are strong fluctuations in rainfall for all seasons. The precipitation fluctuation inNepal,
according to Shrestha et al (2000), is strongly correlated with the ENSO. For instance, dry year of 1992 coincides

Figure 5.Mean annual temperature (a) and annual accumulated rainfall (b) trends over 1981–2010 period in LamjungDistrict. The
Black line in each plot denotes the linear regression line. The underlined slope in (b) denotes ‘Statistically significant at 5% level’.

Figure 6.Mean temperature trends during 1981–2010 period in LamjungDistrict formonsoon (a), pre-monsoon (b), post-monsoon
(c), andwinter (d) seasons. Black line in each plot denotes the linear regression line.

6
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Figure 7.Maximum temperature trends over 1981–2010 period in LamjungDistrict formonsoon (a), pre-monsoon (b), post-
monsoon (c), andwinter (d) seasons. Black line in each plot denotes the linear regression line.

Figure 8.Minimum temperature trends over 1981–2010 period in LamjungDistrict formonsoon (a), pre-monsoon (b), post-
monsoon (c), andwinter (d) seasons. Black line in each plot denotes the linear regression line.

7

Environ. Res. Commun. 1 (2019) 031004



with the elongated ElNino of 1992–1993 could, therefore, be an indication of cyclical variability rather than of
linear change.

SPI analysis
The SPI indexmap in Lamjung district over 1981–2010 period is shown infigure 2. The probability of
occurrence of a drought event is higher in the post-monsoon andwinter season of 2001–2010 period as
compared to previous years.Moreover, the probability of occurrence of erratic rainfall in themonsoon season is
stronger in the same period, while the frequency of rainfall is less.

Community perceptions
Ethnographic research revealed valuable perceptions on changing climatic parameters (figures 10–13). The
majority of respondents (90%) reported that therewas an increase in erratic rainfall frequency, but a decrease in
the frequency of rain overall (65%) (figure 10). These results are both consistent with the observed pattern of

Figure 9.Rainfall trends during 1981–2010 period in LamjungDistrict formonsoon (a), pre-monsoon (c), post-monsoon (c), and
winter (d) seasons. Black line in each plot denotes the linear regression line.

Table 2.Mann-Kendall results formean,maximum, andminimum temperature for 1981–2010

Temperature p-value Tau (τ) value Linear slope (°C /year) Trend Significance Alpha value

Tmax < 0.05 0.31 0.06 Increasing Significant 0.05

Tmin < 0.05 0.39 0.14 Increasing Significant 0.05

Mean < 0.05 0.43 0.07 Increasing Significant 0.05

Table 3.Mann-Kendall results for variation of rainfall in 1981–2010.

Temperature p-value Tau (τ) value Linear slope (mm /year) Trend Significance Alpha value

Pre-monsoon 0.70 0.05 1.35 Increasing Insignificant 0.05

Monsoon 0.91 0.05 2.3 Increasing Insignificant 0.05

Post-monsoon 0.41 0.41 0.25 Increasing Insignificant 0.05

Winter 0.31 −0.13 −1.18 Decreasing Insignificant 0.05
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rainfall in this area shown by empirical data, andmatch the perception of the farmers from the lowland
Rupandehi district, 130 kmSouthwest fromBansar (Manandhar et al 2011). This changing intensity and
frequency of rainfalls can have negative impacts on the farmers livelihood bymaking their agricultural activity
less secured.

The faster the climate changes, the faster farmers have to review and/or leave behind some of their
knowledge and practices nested on their traditional agricultural routine, by, for example, shifting the crop
variety (Morton 2007). As for people’s perceptions on climatic disaster frequencies (figure 11), most of the
respondentsmentioned that therewas an increase inflood (80%), drought (80%), and off-season rain
frequencies (60%), as well as hailstorm frequency (80%). Regarding the changes in summer temperature
(figure 12), 55%of respondents replied there had been an increase. Furthermore, all respondents reported
experiencing decrease in agricultural harvest (100%), biodiversity (68%), and forest products (65%) (figure 13).

Figure 10.People’s perception on change in rainfall in Bansar.

Figure 11.People’s perception on change in climatic disaster frequencies in Bansar.
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This is similar to the experiences that the Tharu indigenous community inWestern Terai region has also
experience especially in regards to agriculture loss (Maharjan et al 2011). In regards to biodiversity loss and loss
of forest products,more detail was provided by the Aama Samuha group during a focused group discussion.
Thesewomen have identified changes in the natural species found in the forest. Notably, they report an
increased presence of invasive species such as banmara (Chromolaena odorata), and eupatoriumweeds which
are known to be aggressive and linkedwithwarming temperatures (Kunwar 2003; Barik andAdhikari 2011).
This invasion has resulted in loss of traditional herbs and pastoral land as locals gave up their goats and cows due
to lack of fodder and grass.

Additionally, residents reported increasing difficulty in accessingwater as their only drinking source dried
up in recent years. They have since constructed a pipeline to transfer thewater from a distant water spring to
Bansar, but it is still a two hourswalk away.Water availability in conjunctionwith the shifting seasons and

Figure 12.People’s perception on change in summer andwinter temperature in Bansar.

Figure 13.People’s perception on change in agriculture harvest, biodiversity, forest products.
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change in precipitation has reportedly affected resident’s farming practices. The people in Bansar have
traditionally farmedmaize,millet and potato as their subsistence crop, but in the recent years, a potato disease
infestation has resulted in halting of potato farming. The potato disease is likely attributed to the change in soil
moisture (Gautam et al 2013). Reduced rainfall and the drying of the community well hasmade it difficult for the
people to farm. By consequence,many people in the community have switched to elaichi farming in agroforestry
systems, but Bansar residents question the sustainability of this newmethod as theyworried that lack of
precipitationwill lead to deforestation orwildfires. Other changesmentioned by respondents included the early
flowering of kaaphal (Myrica esculenta) and the increased presence ofmosquitoes.

The relationship between climate change and livelihood depends to a large degree onwhen andwhich
adaptation strategies are taken (IPCC2018). Ultimately, our results coincide and support other studies from
Nepal. Chalise et al (2015) showed in a survey of peasant farmers throughout theCentral Region that the
majority perceived a change in temperature and rainfall and had adapted by changing farming practices, cultural
practices, or occupation. From theHimalaya region,Merrey et al (2018) report that VDCs of RasuwaDistrict,
Nepal are adapting to climatic changes by alternating cropping patterns, integrating livestockwith agriculture,
and adopting non-farm income generating activities. Perhapsmost relevant to this study, Gentle et al (2018)
observed that four other VDCs in Lamjungwho also suffered from climate change effects adapted by diversifying
their income,migrating, sharecropping, taking consumption loans, using alternative energy sources, and
employing bio-pesticides.

There is increasing evidence that farmers have commenced adapting to observed changes in climate, in
particular through changing the timing of farmoperations, growing diverse crop species and varieties, adopting
soil andwater conservation practices, and agroforestry (Asseng and Pannell 2013;Devkota et al 2017). Such
adaptationmeasures canminimize the adverse impacts of climate change and contribute substantially to
reducing the food insecurity of farming households (Challinor et al 2014).More recent research fromNepal
shows that the adaptationmeasures taken are dependent largely on education, resources available, and support
(Gentle et al 2018; Khanal et al 2018), but if adaptation is donewell, food productivity can increase (Khanal et al
2018). Thus, there is a great need to identify themost successful adaptationmeasures, and communicate these
via extension services throughoutNepal.

Conclusion

The local knowledge provided by Bansar communitymembers, especially thewomen,were supported by the
historicmeteorological data. This highlights the potential to use local knowledge tomonitor climate change
whenmeteorological data does not exist. Our results concluded that climate change is impacting Bansar VDC
through rising temperatures, decreased precipitation, andmore occurrences of erratic and severe weather. This
in turn has led to increasedwater scarcity and invasive species, and decreased agriculture and livestock
production.While the Bansar community has shown that it is adapting to these changes by adopting new
farming practices and increasingwater infrastructure, this research underscores how vulnerable this community
is: Bansar is dependent on subsistence farmingmethods of which are increasingly under threat. This threat to
food security pairedwith Bansar’s remote location, inconsistent access towater, and lack of other economic
opportunity warrants immediate risk to thewellbeing and livelihood of Bansar residents. Unfortunately, Bansar
mirrors the same conditions–both socially and environmentally–of otherVDCs. As the government ofNepal
continues to develop climate resilient strategies and policies (Ministry of EnvironmentMOE (2009)), special
attention should bemade to rural villages at greater altitudes. Extension services offered byDistrict Agriculture
Offices should be utilized and promoted to help communities farm climate-resilient crops, sustain livestock, and
manage invasive species. In the case of Bansar VDC, a proper needs assessment should be completed so that
infrastructure and resources can be identified and provided. As climate change affects becomemore apparent,
particularly in vulnerable countries likeNepal, understanding how rural communities can adapt andmanage
will be key in promoting resilience.
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Appendix

Semi-structured household questionnaire to determine the participants’ perception of climate change.
General information
a)Name of interviewer
b)Date
c)Time
d) Sex
g)Age
h)Ethnicity
i)Occupation
j)Marital status
k)Number of family
Questions
1. Do you have your own land?
2. If no, howdid you become landless?
3. If yes, please giveme information about your land
4.What do you farm?Howmuch?
5. Can you tellme how, if any, things have changed in regards to agriculture (i.e. production,

seasonality, ect)?
6.Where do you get yourwater from?
7.Where do you get your food from?
8.What resources do you get from the forest?
9. Has the availability of these resources changed?
10.Have you noticed a change in theweather?
a. Temperature?
b. Rain?
c. Other weather events?
11.What do you think is causing these changes?
12.What has impacted your community themost?
13.Howhave youmanaged these impacts?
14. Anything else youwould like to say?
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