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Abstract

Understanding the problem increasingly posed by climatic change is one of the critical challenges of our time. A

study was carried out in Salyantar village in Dhading district of central Nepal to understand and assess the extent
of climate changeimpactson agriculture. Theimpact assessment was performed through analysis of meteorological
data, Landsat images, and peopl €’ s perception on changes relative to agriculture sector. Mann-Kendall statistical
trend test was used to assign statistical significance to the trend whereas temperature vegetation dryness index
(TVDI) was used to identify soil moisture condition as an assessment criterion. The perception of local peopleon
climate change and its impacts was studied through generalized questionnaire survey and participatory rural
appraisal. Theresults of the study portrayed risein temperaturein the study areain therecent yearsin comparison
to the past. The maximum temperature increment was 0.03p C per year. Asfor precipitation, it showed decreasing
trend by 1.855mm per year. The TV DI obtained from Landsat image, showed decreasing trend of soil moisturein
different years, which indicate an increased longer dry spell. This has unswerving effect on agriculture as the
entire Salyantar villageis dependent upon rain-fed agriculture. The perceived impacts on agriculture were decreased
crop yield, reduced soil moisture, and increased incidence of new pests and invasive plant species. Such impacts
werefairly heterogeneousin distribution. The Salyantar village, araised flat-land of river deposition already stuck
in the grip of water stress, was found exacerbated by the effect of climate change.
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Introduction events are likely to affect substantially the potential
Climate changeis now recognized as one of the most of agricultural production (ADBI 2012). There is no
serious challenges, which the world its people, the doubt that climate change is impacting developing
environment and its economies are facing. The main country like Nepal rather disproportionately intheview
characteristics of climate change are: rise in average of the country’s state of development. The rapidly
global temperature, changesin cloud cover and rainfall, retreating glaciers, sharp rise in average temperature
particularly over land, melting of ice capsand glaciers of 0.06°C per annum (MOE 2012), increasing trend of
and reduced snow cover, and increase in ocean extreme rainfall events and consequences of
temperatures and ocean acidity due to seawater devastating floods and droughts are some of the
absorbing heat and carbon dioxide from the effects Nepal has faced during the last few years.
atmosphere (UNFCCC 2007). In this case, agriculture

becomes one of the most vulnerable sectors to be Nepalese agriculture is predominantly small-scale
affected by the anticipated climate change. The farming where 46.5% of overall cultivated area is
predicted changes in temperatures and rainfall irrigated while only 69.5% of total irrigable area is
patterns, as well astheir associated impacts on water irrigated (MOE, 2012) and around half of which is
availability, pests, diseases, and extreme weather dependent on natural rainfall. In this relation some
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studies have also been conducted in the vicinity of
Dhading district. The report by Siddiqui et al. (2012)
reveal ed that the catchment of Budhi Gandaki ishighly
vulnerableto changing climatic situation. Ecologically
theareaismuch sensitivewith thevalue of 0.615-1.00.
In accordancewith SAGUN (2009) theimpact of climate
change and its effect in Dhading is very much
pronounced. Tamrakar et al. (2010) also agreed the
decreasing production of agricultural yieldin Dhading
district. In addition Sharma (2014) reported theimpact
of climate change was severe but the people were ill-
equipped to the adaption. Furthermore, the research
exposed the integrated nature of the farming systems
in Dhading district. The prolonged winter droughts
had led to the drying of water sources as well as
affecting soil preparation in the district. Because of
such consequences of climate change, it isimportant
tounderstand theeffectsat thelocal level. Eventhough
many studies on climate change have been carried
out, impacts of climate change and dry spell at the
local level have not been quantified much yet.

The present study was carried out with a broad
objective to analyze the trend of climate change and
to assess the impacts of dry spell on agriculture in
Salyantar village of Dhading district in central Nepal.
The specific objectives of the study wereto: (i) analyze
thetrends of temperature and precipitation in the study
area, (ii) assessthe status of soil moisture of the study
area and analyze the trend of existing drought, and
(iii) study the impacts of climate change dry spell on
agricultural productivity with respect tolocal people’s
perception and verify with avail able data.
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Fig. 1. Map of study area Salyantar, Dhading

M ethodology

Study area

The study area was Salyantar village settlement in
Dhading district of central Nepal (Fig. 1). The village
isonraisedflatland“Tar” of river deposition, spreading
from 27.99° N to 84.81°E. It issurrounded by four rivers,
Budhigandaki in west, Netrawoti (Aankhu Khola) in
south, Hyaping in east and Kaste in North.

Methods

M eteor ological data

Themeteorological dataused intheresearchincluded
precipitation and temperature data from the nearby
station, Dhunibesi (DHM 2014). Temperature datafrom
1979-2013 were collected whereas precipitation data
were collected from 1979- 2008. There was no record
of precipitation data after the year 2008 due to the
flood which inundated the meteorological station in
Arughat. For the analysis of climatic parameters
(temperature and precipitation) Mann- Kendall t-test
was carried. Software used for performing the Mann-
Kendall statistical test wasAddinsoft' SXLSTAT 2013.

Soil moisture. The soil moisture was calculated from
the different Landsat images obtained from USGS
website. The images of the different year 1990, 2000
and 2010 were analyzed to calculate soil moisture
through the calculation of Temperature Vegetation
Dryness Index (TVDI) from the Landsat images.
Landsat image for the year 1990 was obtained from
Landsat 4, for the year 2000 Landsat 7 was used and
for theyear 2010 theimage was obtained from Landsat
5. Thermal band (known as band 6) was used to know
the soil moisture of the study area. For thecalcul ation
of soil moisture from Landsat image different steps
were followed. First the land surface temperature was
calculated followed by Normalized Difference
Vegetation Index (NDVI). Fromtherelationship of Land
surface temperature (LST) and NDVI, TVDI was
obtained which helped to know the level of soil
moisture from the Landsat images. The TVDI was
calculated for three different time series: 1990, 2000
and 2010, and it was derived using the formula as
follows:

L ST is the surface temperature of a given pixel with
triangle.
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LST,;isminimum surface temperature, which defines
the wet edgein triangle obtained by linear regression
fit.

LST, . is the maximum temperature obtained by a
linear regression fit.

TheTVDI providesinformation on spatial distribution
of wetness at the surface level. The value of TVDI
rangesfrom 0 to 1. The greater the value of TDVI, the
lower the soil moisture and higher will be the drought
level (Meng et al. 2008).

Alongwith theuse of Landsat datafor theretrieval of
soil moisture, laboratory analysis of soil sampleswas
also carried. Twelvedifferent samplesweretaken from
the study site randomly from different places like
nearby water sources, agricultural land and near dried
aahal area (area that was previously a pond for
domestic animals).

Peopl€e’ s perception. To get people’s perception on
various parameters relating to climate change and its
impacts, the questionnaires were prepared and
participatory rural appraisal (PRA) was carried out to
collect information from the people. Focused group
discussion (FGD) and key informant interview (KII)
were applied to understand people’s perception on
climate change and itsimpacts. The FGD was carried
outin Salyantar, and included 11 participants (six male
and five female). The KII involved 12 persons who
included: chairperson of users’ group, representative
of women groups, social mobilizer, agriculture
technician (JTA) and teachers. They were asked all
the necessary questions relating to climate, climate
change, climatic trends, climate induced disasters, its
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Fig. 2. Maximum temperature trend of Dhading dis-

trict obtained from Dhunibesi station (Data
source: DHM, 2014)
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impact, impact on agriculture. The checklist and
guestionnaires were prepared for the interview. The
sample size (90 households) was determined using
formula given by Arkin and Colton (1963). The
published and unpublished documentswere assessed
for secondary data collection.

Resultsand Discussion

M eteor ological dataanalysis

Temperature trends

The temperature analysis of 30 years of Dhading
district obtained from Dhunibesi station showed that
the maximum temperature wasincreasing at therate of
0.03°C per year and that the trend was statistically
significant (Fig. 2). The analysis of trend of minimum
temperature showed that thetrend was nearly constant
with increment of 0.009°C per year and statistically
insignificant. While analyzing the seasonal
temperaturetrend, the analysis of pre-monsoon mean
temperature trend showed increasing at 0.017°C per
year and that of monsoon mean temperature 0.052°C
per year and trend was statistically significant.

Precipitation trends
Precipitation data of 30 years from 1979 to 2008 were
analyzed to observethelong termtrendin precipitation
taken from Arughat station. Theaverageannual trend
was observed and found to be decreasing at the rate
of 1.85 mm per year and was statistically significant.
The seasonal precipitation analysis showed the
maximum contribution 81% was on the monsoon
season followed by pre monsoon season and the |l east
contribution was on winter as well as post monsoon
season (Fig. 3).
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Fig. 3. Seasonal precipitation of Dhading district ( Data
source: DHM, 2014)
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Table 1. Resultsof Mann- Kendall test statistics

SN | Parameters Linear Mann-K endall test statistics Response | Rem.
trend Sen's |Kendadl's |p-value Alpha Trend
line slope tau
slope
1 Temperature Maximum 0.037 0.044 0.316 0.015 0.05 | S
Minimum 0.009 [ 0.008 0.090 0.498 0.05 | NS
Pre-monsoon 0.017 [ 0.052 0.256 0.05 0.05 | S
Monsoon 0.052 [ 0.053 0.436 0.001 0.05 | S
Post-monsoon 0.017 [ 0.024 0.132 0.317 0.05 | NS
Winter 0.014 [ 0.015 0.087 0.509 0.05 | NS
2 Precipitation Annual -2.995 | -2.756 -0.255 0.049 0.05 D S
Pre-monsoon -1.475 -1.33 -0.076 0.572 0.05 D NS
Monsoon -19.42 | -9.113 -0.214 0.101 0.05 D NS
Post-monsoon -0.541 | -1.045 -0.126 0.339 0.05 D NS
Winter -1.549 | -1.547 -0.218 0.094 0.05 D NS

Abbr. I: increasing; D: decreasing; S: significant; NS: Not significant

The details of Mann-Kendall test for temperature and
precipitation ispresented inthe Table 1. Intheanalysis

of temperature data of Dhading district, the result was
found consistent with that of Duwadi (2012). It showed
that there has been 0.097% per annum increase in

temperature of the district between the years of 1978-
2008. The highest and the lowest recorded temperature
fa Janueryduri gt h speri cdves 15°8 and 11.45°C
in 1990 and 1983 respectively. Theresult obtained showed
steadiness with the increasing temperature of Dhading
district. In such condition, thereis high confidence that
theimpact will directly hitthewater sector and agriculture.
Similarly, the SAGUN (2009) analysisof temperaturedata
indicated that average temperature was increasing in

Dhadingdistrict. Moreover, averagetemperatureincrease
was higher with increasing elevation.

Egtimation of TVDI

The soil moisture of the study was studied from the
obtained results of the scatter plot and NDVI. The soil
moi sture was found higher in the side of water sources
and vegetation, whilein the areaswith bareland the soil
moisture was found less. Inthecalculation of TV DI, the
higher the value of TV DI, lower isthe soil moisture and
vice-versa. For theyear 1990, the value of TV DI ranged
from 0.01to 0.4 for theyear 1990. Thismoderate value of
TVDI indicated reasonable level of soil moisture in the
area. For the year 2000, the TVDI vaueranged from 0.01
t0 0.6, whichwashigher thanthat of thepreviousdecade
(1990) and indicated an increased severity of the dry
spell compared to 1990. Findly intheyear 2010, the TV DI
valuewasfoundtobe0.7, whichwashighest among the
three time series. Thishigh TVDI value means low soil
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moistureconditioninthearea. Thus, itisinterpreted that
therainfall wasinthedecreasingtrend or in other sense,
thedry spell increasing. Theimagesof TVDI for all three
Landsat images are shownin Figs. 4, 5 and 6.
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Fig. 6. TVDI map of the year 2010
Theresultswerefound consistent with the findings of
Li etal. (2012) who had al so analyzed the soil moisture

condition of to analyze the drought state of the
agricultural land in Beijing and found significant

Table2. Moisture content (%) of soil sample

relation with theland surfacetemperature. It wasfound
that higher the land surface temperature, higher was
the soil moisture state in the study. In accordance
with the research results of Ebrahimi et al. (2010) also
found the results of the indicating drought had been
increased when the vegetation fraction has been
decreased conseguently when theresearch wascarried
using the Landsat data. I n addition, Mekonnen (2009)
al so estimated the soil moisture using therelationship
of LST and NDV1 from remote sensing to the ground
measured soil moisture and the soil moisturewasfound
higher near the catchment area of the water source.

Laboratory analysis of soil moisture

From the laboratory analysis, the moisture content of
the soil was found very high (28%) in the agriculture
land (khet) (Table 2). This can be attributed to the
agricultural land which was irrigated using sprinkles
nearby thewater sourcei.e. near Budhi-Gandaki River.
Intheagricultural land (bari) it wasfound lowest (10%)
because the samplewas away from the accessto water
sources and continuously suffering from longer dry

spell.

SN Sitesof soil Weight of the Agr.Wt. of Weight of W2-w3 MC%

collected paper (9) (W1) moist soil (g) dry soil in
(W2) (9 (W3)

1 Agricultural Neglected (0) 70.01 61.14 8.87 1451
land (bari)

2 Agricultura Neglected (0) 139.75 124.76 14.99 12.02
land (bari)

3 Agricultural Neglected (0) 41.57 37.49 4.08 10.88
land (bari)

4 Agricultural Neglected (0) 33.59 28.57 5.02 17.57
land (khet)

5 Agricultural Neglected (0) 32.03 2497 7.05 28.24
land (khet)

6  Agricultural Neglected (0) 120.75 102.01 18.74 18.37
land (khet)

7  Nearby Neglected (0) 85.01 74.94 10.07 13.44
Aaha (pond)

8  Nearby Neglected (0) 88.05 75.99 12.05 15.85
Aaha (pond)

9  Nearby Neglected (0) 135.80 119.71 16.08 13.44
Aaha (pond)

10 Nearby Neglected (0) 35.40 28.99 6.41 22.09
water source

11 Nearby Neglected (0) 50.44 42.351 8.09 19.11
water source

12 Nearby Neglected (0) 78.04 63.523 14.52 22.86
water source
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People’s perception

To know the peopl€’s perception on climate change
dry spell impact in agriculture atotal of 90 households
were sampled proportionately from study area,
Salyantar village settlement. The detail socio-

economic characteristics of the sampled respondent
are presented in Table 3. Mgjority of the responding
people aged between 25 and 65 yearsold. Theliterate
among the respondents were 59%, and 71% of them
were engaged in agriculture.

Table 3. Socio-economic characteristics of surveyed household

Characteristics Per centage Characteristics Per centage
Agegroup Occupation

Lessthan 25 2 Agriculture 71
25-49 37 Business 8
45-65 53 Service 10
More than 65 8 Labor 11
Education Gender

Literate 59 Mae 52
Illiterate 41 Female 48

Impact on agriculture

Thepersisting dry spell inthe Salyantar areaismaking
the agriculture difficult and at the same time, climate
change is aggravating existing conditions. The main
food crops produced in the Salyantar are upland rice,
locally known as Ghaiya dhan (Oryza sativa), niger
(Guizotia abyssinica), Mash (black lentil, Vigna
mungo) and maize (Zea mays). Based on these crops,
peoplefelt decreasing agricultural productivity, which
they thought was due to the changing climatic
situation. About 15.3% of the respondent felt the
increased productivity in the area, while 69.4% of
respondent agreed on decreased agricultural
productivity in the agriculture sector due to climate
change(Fig. 7). Among thefour main cropsinthearea,
majority of the respondent agreed on the decreasing
productivity. Ghaiya dhan was found to be the most
affected crops, where 79.2% agreed on its decreasing
productivity due to changing climatic stress and dry
spell, followed by maize and Mash (Fig. 8).

The existing dry spell impact was felt by the local
farmers in the study area. Most of the respondents
agreed with the reduced soil moisture of thearea (Fig.
9). Farmersintheareahave also experienced ageneral
increase in pests like padkhe kira commonly called
hopper (Nephotettix spp), khumrekira(Phyllophaga
spp) etc. coinciding with the periods of drought
(Fig.10). However, some of the pests were unknown
and new to them. In astudy carried out in Ramechhap,

diseases affecting winter crops far more than what it
used to be in the past. Duwadi (2012) also reported
that, people were perceiving the fact of decreasing
rainfall every year during winter season, the weather
wasbecoming dry every year, theyearly rain were not
supporting crop production asbefore, climate change
had led to crop infestation and diseases, and there
was scarcity of the fuel wood.

Impact on water sources

Themajor source of water in Salyantar was public tap
followed by spring and river respectively. Water
scarcity hasbeen aprobleminthearea. Whilestudying,
about 51.4% of the responding local people opined
that the drying of ponds and spring was the main
reason of water scarcity in the area. About 18.9% and
16.2% of them felt that the main cause low river flow
and low rainfall for the scarcity of water. In consistence
with the present results, Poudel etal . (2011) also noted
local observations and local climate projections both
highlighted the increasing temperatures and extreme
events, and the seasonal shifts had negative impact
on crops of Dhading district. In particular droughts
during the sowing period of most agricultural crops
have affected not only the timing but also the
harvesting season. Prolonged winter droughtsled to
the drying of water sources as well as affecting soil
preparation.

Subdei (2014) noted that 18% of the paddy landswere
converted to Bari land due to drought. The study also
revealed that cold spells along with increasing foggy
days had aggravated the occurrence of pest and

SAGN () gaedthe araicrarfd| ptarsad
he | Samereaatri btirgtothesal ecd any Al fatility
| oss, adt hear godanagever ehev ngadver sei pect s
onthelivd i hoodd nost d thessormunities, thus



Pramila Paudyal et al/Climate Change Dry Spell Impact on

increasing risk to the food security. Similarly Dhakal
et al. (2011) also revealed vegetable farming was the
main source of livelihood in Dhading. L ess production
of rice, including other crops, lessjuicy fruits, change
of sowing and harvesting periods of the crops and
fruits was decreasing comparison to past years were
observed. Sincetheweather pattern was unpredictable
the yielding of crops and its productivity was
becoming unpredictable accordingly. Unknown
speciesof pestsand insectswereintroduced and there
has been increased in number of existing insect. The
diseases seen in the recent days were also dueto the
indirect non climaticindicators of climate change. The
incidence, range and seasonality of many existing
health disorders had been observed increasing in
comparison to the past.
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Climate change

From the analysis of the data, it was found that only
45% had heard climate change and 55% of the total
respondent had not heard the term of climate change.
Of the total household respondents surveyed, 70.8%
had experienced the change in precipitation pattern
and intensity. Only 15.3% felt there was no changein
precipitation pattern and 3.9% of the respondents, felt
no change in the behavior and pattern precipitation
(Fig. 11). People werefeeling the temperature change.
Among the total respondent 51.4% of them felt days
were hotter than previous|ast 20 years. Similarly, 18.1%
of them found summer hot and winter cold. Rest of the
respondents said that they had experienced extreme
hot summer and experienced winter lesscold (Fig. 12).
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Similar results on perception were obtained by Tiwari
et al. (2010) on climate change study from Himalaya
to Tarai region in which local people, based on their
past experience responded that warming days, erratic
precipitation patterns, ecological variability, biological
change and their adverse effects on human beings
had increased. Similarly, Duwadi (2012), Dhakal et al.
(2010) reported the perception of local communities
saying that warming days had been increasing,
precipitation pattern had become more unpredictable,
seasons had been changing, frequency of drought
had increased, natural water sources had been
decreasing and windstorm was getting stronger which
wasfurther supported by the report of (SAGUN 2009).
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