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ABSTRACT

This studywas carried out irMotipur and Kalika VDCs of Bardiydistrict aiming toanalysethe

wheat farmer's perception and adaptation measures under climate change and vulnerability
context. Structured questionnairér household survey of 80 households and stractured
guestionnaire for conducting five FGD and KIS wemreloped andadministered in Caritas
SAFBIN supported households as well as not suppéredehold Perception analysjstrend
analysis, and regression analysis were undertaken by using SPSS version 16 for the tabulated
data.

Perception analysis on various climatic factamgelationship to wheat cultivation revealed that
wheat growergerceived mcreasing temperature levélyuctuating butdecreagsd winter rainfall
(intensityand frequency increagd drought length period,ate and short dwation monsoon,

and increasingpestincidencein last decades than that past. These factors wi@ectly and
indirectly associated to hampering physiological stagestéat and tenidg yield reduction

These perceptions were triangulateg using secondary datanalysisof Bardiya district which
showed 0.064C, 0.014C and 0.038C increase in maximum temperatureninimum
temperature and average annual temperatyver year, respectively in past -Jear
Precipitation showeddecreasingrend with 3.21mm annual rainfall and 1.89mm winter rainfall
associated with erratic pattern. Statistically significant negative correlatido$5) was found
between productivity of wheat and average rainfall of growing season of wheat. There was no
staiistically significant correlation with minimum temperature and maximum temperature of the
wheat growing season. It indicates that there is no effect in wheat production with an increase or
decrease in maximum temperature and minimum temperaturerder © response these
climactic changes in the study sites, farmers welnangingsowing dateusingimprovedwheat
varieties applyingchemical fertilizerand using pest management practices on wheat

Key words: Adaptationdrought,perceptionresponsgtrend, andvulnerability
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CHAPTER 1- INTRODUCTION
1.1 Background

Climate change is an issue of concern for Nepal as over two million Nepalese peoplesdepend
upon climate sensitive sectors like agriculture and forestry for their livelihood (Garg, Sukla and
Kapse 2007). Climate variability is an important aspect of the risks of crop production. Most of
the climate change scenarios include more intense andvaoable precipitation events. Such
changes in precipitation may have significampacts on agricultural systemBrecipitation
changes not just have the direct impacts on plant growth but also an important indirect impact
resulting from potential changessoil erosion (Doering et al. 2002). Least developing countries
like Nepal are most susceptible to climate change and its impacts due to their limited capacity to
cope with hazards associated withe changes in climate (Kate®000). However, the
contribution of agricultural sector to the national economghiallenged by its vulnerabilitio

climate change. Climate change is a phenomenon due to emission of greenhouse gases from fuel
combustion, deforestation, urbanization and industrialization reswéingtion in solar energy,

tempeature and precipitation (Upretb99).

Wheat is the third major crop after rice and maize in Nepal. The crop contributes 16% in total
cereal production in the country aftéce (56%) and Maize (24%)(0AD 2008). Presently

wheat is cultivated in 76, 7499 hectares of land and the production was 1745811 mt in the year
2010/2011 with the average yield 2275 kg/ha (M02011). The productivity of wheat in Nepal

is one of the lowest in South Asia. There are several problemshéatveultivation in the
country. Since wheat is farmed mostly in rédd land, lack of timely rainfall and lack of
adequate amount of rainfall has been a major concern and it is found to affect wheat yield
significantly. The wheat is grown during winttddvembe/December to March/April) in Trai.

During this period about 2 to 5 percent (less than 100 mm, more precis@lyr8th) of ®asonal

rainfall occus in the Teai. Annual mean temperatuie 15c to 30c¢ during he growing period

of wheat in Teai (Nayava., et.al 2008)These winter rains are very irregular and erratic in
nature. In Nepal, 70 to 90% of rainfall occurs in the summer monsoon and the rest of the months

are almost dry. Distribution of winter rainfall is more in the WastTerai tha in the Eastern



Terai. Meteorological data of the past decades also indicate that there is decreasing rainfall trend
in winter. That is decrease in total rainfall as well as number of rainy days in winter.

According to IPCC summary report (2007), elevd the last twelve years (192906) since

1850 rank among the twelve warmest years in the instrumental retogtbbal surface
temperature.The increasing temperature, unusual rainfall, extreme climatic events, drought,
flooding, increased snow meltingte and sea level rise are threatening the livelihood of human
and all other living creatures on the earth. Vulnerability is the degree to which a system is likely
to experience harm due to its exposure to hazards (Tunner 11 2003).

IPCC Q007 definesvul nerabil ity of a system as fa funct
rate of <climate variati on t @lannihg]valferalalitystyest em i
social, economic and environmental exposure and sensitivity. Rural livelihood is at risk as many
natural systems are being affected by regional climate and elevating temperature (IPCC 2007).
Predictions on climate change indicates that climategehduas its widespread implications on
agriculture, water resources, fisheries, forestry, human health, ecosystem as well as social,
economic and political systems making climate much complex global issue of social , economic

and political dimension (Reill2001).

The share of Nepal in total emission is not so high as compared to other developed countries.
However, Nepal is likely to be affected highly. So it has to focus in adaptation. Adaptation is all
processes through which societies make themseltts lbble to cope with an uncertain future.
Adapting to climate change entails ,making the right measures to reduce the negative effects of
climate change (also exploiting the positive ones) by making the appropriate adjustment in
natural and human systemis a new or changg environment (Dow and Downing006).
Adaptive capacity is the ability to understand climate change and hazards, to evaluate their
consequences for vulnerable peoples, place and economies and to moderate potential damages to
take advarage of opportunities or to cope with the consequeribely.(Mitigating the impacts

of climate change and variability is not as significant for the countries like Nepal as we lack
appropriate sophisticated technologies to cope with those impacts. ThNgp@l, to minimize

the possible impacts of climate change, adaptation is the only option left. As a least developed

country with a very less contribution to GHGs emission, Nepal has to focus more on adaptation



approach rather than controlling emissiom{itd and Wandela 2006). Appropriate adaptation
technol ogi es must be developed making the be
knowledge to cope the effects of climate change. Economic diversification can also be an
important adaptation strategyrfthe developing countries to reduce the dependence oatelim

sensitive resources (UNFCQDO07). Adaptation talimate change may include many measures.

AIACC has given some general recommendations to adapt to climate change as (1)create
conditions to enale adaptation, (2)integrate adaptation with development, (3)increase awareness

and knowledge, (4)protect natural resources etc. Sustainable organic agriculture can help to
reduce the risk of drought, irregular rainfall events with floods, rising tempesaaind soil

erosion and increase the productivity of agomsystems.
1.2 Statement oforoblem

Agriculture country Nepal has faced climate change effect since a decade (MoET2@td)are

few studies on climate change perception, impacts, vulneraailiyadaptation at the national
level. Those include the studies done by Ministry of Environment, Adapt Nepal, PEEDA/Better
Nepal, studies done by NAPA, etc. Although few national level study and reports have been
published on community vulnerability anthpacts of climate change and climate variability,
local level studies are very sporadic in spite of the accepted fact that thelewgroommunity
vulnerability and adaptation assessment is more relevant than thesoadg@n a least developed
country Ike Nepal which has a high diversity in natural as well as human system within a very
short spatial variations. Thus local level study is to be focused. Climate change is considered to

be a problematic issue for many countries impacting various sectors.

As Nepal is an agreconomic country and as its agriculture system is totally dependent on
climatic factors, the change in climatic pattern obviously impacts the whole agricultural
production angphonology There is no any study abozrbp wiseperception, impact, adaptation
measuresand vulnerability context in local levels. Farmers are adopting knowingly or
unknowingly by using local traditional knowledge. To adopt disease, pest and weed infestation
they dondt have newimpattsmay alsothe thedosshohcertaio igygortantT h
indigenous crops, |l oss i n productivity and cu

fed, it is sensitive to drought and extreme precipitation too. Also, as a least developed country,



our gricultural system is al most traditional
agricultural system. It is the only reason that farmers of Nepal often goes under agricultural
losses due to climatic extremes. Thus, in this scenario, adaptation is tlopto@s Thus local

l evel case studies are vital both for pol i cy
knowl edge on present daydés most challenging i
significance. Climate change has been erpeed in Nepal and people have already confronted

its effects on agriculture wateesourcesforest, /biodiversity, buildings and other infrastructure

and natural disasters. People have already started adopting various adaptation measures to cope
with the effects of climate change and variability on these sectors. Thus, It is important to study
whether the adaptation measures undertaken are heading toward positive direction or not. If it
has positive impacts, we should learn from their coping strategeesise them as important
adaptation measures to cope with the effects of climate change and variability on different
sectors and the results can be replicated in different parts of the country. However, studies on

those aspects are limited and are not tstded well.

1.3. Objectives

The general objective of this study is to know abetieatf a r mpgercepiion, adaptation
measures under climate changnd vulnerability context iBardiya district. Following are the
specific objectivesdentifying atCaritasSABIN area:

i) Documenting special differences on climate change vulnerabilities really happening at the

project location
i) Measure community perceptions on climate change before and after project intervention

iii) Mapping climate change adaptation measures taken by the communities along with project

level interventions and coordination.

1.4 Scope and limitation of Study

There is very limited understanding about the perception, impacts, adaptation measures of
climate change andulnerability contextsn these rairfed drought areasf Nepal. In context of
Nepal evidence is the major challenge for fighting with impact ohate change diverse

4



microclimatic and geophysical conditions within small areas.tl$® best wayo measurghe

impact of climate change would m®nduct researchesn cmmunity and household level
studies yieldinformation andadaptation measures andoyide basis for development of
strategies to fight climate change locally. This research seeks to investigatefwheaatme r 0 s
perception and impact of climate change in whaating and adaptation measuresiopted

about perception, local knowledge by theal people in the raifed terai area of Nepal.

The researcharea is purposively selecteat rainfed Terai region. Due to unavailabilitgf
researchedareas hydrometeorologicaldata nearesineteorologicaldata from Rarharuwa

nurseryd at a was used t o an alongideredinweathet garamettdCa c o ul
| abel d auffieientfoapsopedanalysis sat was collectedriom whole digrict. The study

was conductedn two VDCs with limited amount of funds. This study alone cannot generate
complete idea about climate change, its impact and adaptation measures iBavt@alistrict

It only provides general information about specific region. More intensive researchés tshou

conductedo generalize the wholeefai region of Nepal.



CHAPTER 2: LITERATURE REVIEW

This chapter deals review of the past work done on different economic aspects of production of

rice inside and outside of the country that are releteatttis study.

2.1 The global and regional perspective on climate change

UNFCCC(2001) defines climate change as fa chang
indirectly to human activity that alters the
change refers to the wvari at i ocowertima. Climatechanger t h 6 s
is the consequence of both natural and human systélobal temperature is increasing by

0.3°C to 0.6°Csince the last 19th century and 0.2°c to 0.3°c over the last 40 year2QQ9K0

indicating that the global temperature wilcrease further in the upcoming days (Xiaodong &

Baode 2000). According ttPCC synthesis report (2007), there has been an unprecedented
warming trend during the 3Qentury. The current average global surface temperature Gfid5°

increasing nearly b9.6°C per 100 yeawhich is higher than it was 16@ar ago. The most of

the increasehave been consequensef human activity. Also a further increase of °50 6°C

is projected for the period up to 2100.

Waterresource rargsignificantly higher than other sector because this sector is directly related

to rising temperatures resulting in faster glacier melts and increased GLOF events, increased
intense precipitation events resulting in more floods, landslides and sedinentatater
unreliability of dry season flows etc (Agrawala et al. 2003). The projected climate change will
reduce the stream flow and ground water recharge. It is reported that the developing countries are
more susceptible to climate change impacts astiaeg limited capacity to adapt. IPCC (ZD0
repored more intense and longeralights since thel1970s, particularly in the tropics and
subtropics. Similarly, the frequency of heavy precipitation events has also increased over most
land areas durgnthe sane period. (IPCQ007d)projectedionger drought periods may cause

more land degradation, lower agricultural yields, crop damage/failure, increased livestock deaths,

increase risk of wildfire, more widespread water stresses.



Nepal demonstrates diverseogghysical and climatic condition within relatively small areas
resulting vast biological diversity, therefore, it is an ideal place to study climate change impacts
on natural and socieconomic spheres. They have depicted the mean temperature to ibgrease
1.2°C and 3°C by 2050 and 21Q@spectively. It has been observed such as increase in dry
period, intense rainfall, flood; landslides, forest fires, glacial retreats and GLOF threats (Shrestha
& Wake 2000).The mean surface temperature has increatfeeimange of 0.3°C to 0.8°C over

the past 100 years is Asia including Nepal (IP@@6). Shrestha et al. (1999) reported the
temperature increase of 0.06°C to 0.12°C per year in most of the middle mountain and
Himalayan regions, while the Siwalik and Teragions shows warming trends of less than
0.03°Cl/yr from 19741994. The scenario of the global climate change in the fragile mountains of
Nepal and around is greater and widespread. The general circulation models show the mean
annual temperature to incsEaby an average of 1.2°C by 2030, 1.7°C by 2050 and 3°C by 2100
compared to a pf2000 baseline. A remt study that used general areional circulation
models project the mean annual temperature to by 1.4°C by 2030, 2.2@bwnd 4.7°C by
2090The projections show higher temperature increments during winter as compared to the
monsoon seasons. Higher increment in temperature is projected over western and central Nepal
as compared to eastern Nepal for the years 2030, 2060 and 2090, with projectiwastéon

Nepal being greatest. Similar trends are projected for the frequency of hot days and nights for
2060 and 2090MOE 2010).

Analysis of trends in daily climatic extremes of temperature and precipitation in Nepal shows a
general increasing trend temperature extremes. The trend is of relatively higher magnitude in
mountainous region. Days and nights both are becoming warmer and cool days and cool nights
are becoming less frequent. The precipitation extremes show increasing trend in total gnd heav
precipitation events at mosf the stations. (Baidya et,&008) Initial National Communication
reports that there is an increasing trend in monsoon precipitation despite a decreasing trend in
number of rainy days and increasing trend in morensg pecipitation events (MOPE 2004;
Chaulagain2007; Nayava 2004and Chaulagairf003). Such an incread trend in intense
precipitation events may result in increasing magnitude and frequency of landslide and flood
events. Precipitation projections show up%d0% increase in eastern Nepal during winter

whereas no changes are shown for western Nepal. During the summer months, precipitation is



projected to increase for the whole country in the range of 15 to 20 %. Further, the projections
indicate an increasm the intensity of rainfall and a decrease in winter precipitation (MOE

2010). The year 2006 and 2009 are reported to be the driest years in terms of rainfall during
winter. Based on the readily available data from 35 meteorological stations in Nikpaljgh

Nepal 6s contribution to GHG emi s npaucteaeverg very
high (Chalisel994).

2.2 Climate change ulnerability and adaptation

Vulnerability is a term that describes the susceptibility of a group tortpact of hazards. It is

the degree to which a system is likely to experiences harm due to its exposure to hazard. It is
determined by the capacity of a system to anticipate, cope with, resist aveérréom the

impact of hazardin context of climate can g e , O Brian et al. (2004)
Aepadi nt o and Astarting pointo interpretation
mainly focuses on climate change mitigation and compensation policteahnical adaptation.

While, stating point interpretation focuses on vulnerability of society to climatic hazards,
adaptation policy and sustainable development of societies. Vulnerability is the degree to which

a system is susceptible to, and unable to cope with, adverse effectsaié a@imnge, including

climate variability and extremes.

The least developed countries are among the most vulnerable to extreme weather events and the
adverse effects of climate change. Also, these countries have a very least capacity to cope with
and adapt to adverse effects of climate change. Projections radéctions indicate that
developing countries will have to suffer 75% to 80% of the global climate change related
damages (World Bank, 2010). High level of poverty and dense population make the South Asia
region more vulnerable to climate change. Cropdgietould increase up to 20% in east and
Southeast Asia while they could decrease up to 30% in central and south Asia by-#iestmid
century. Taken together and considering the influence of rapid population growth and

urbanization, the risk of hunger isgpected to remain high in several developing (IPCC 2007).

According to IPCC, vulnerability is a function of the character, magnitude and rate of climate
variation to which a system is exposed; its sensitivity; and adaptive capacity (IPCC 2001).

Exposure sensitivity, and adaptive capacity are the three term function of vulneraRéigyni et
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al (2008) state that the poor and marginalized people are more vulnerable to impact of climate
change as they are heavily depended upon natural resources, lask #xceechnology,
information and infrastructure. Mirza (2003) studied vulnerability of communities to floods in
Bangladesh and concluded that vulnerability to extreme climatic hazards increases due to
unemployment, high populatiatensity, illiteracy, wigspread poverty, enormous pressure upon
rural land and economy dominated by agricult@ensitivity is basically the biophysical effect

of climate change; but sensitivity can be altered by secamomic changes. For example, new
crop varieties could bateer more or less sensitive to climate change.

The vulnerability of rural communities can be reduced through effective governance over natural
resourcegCleaver and Schreibd994),aspart of the NAPA process, a series of climate change
vulnerability assessments at the district level were conducted. The sensitive sectors are
agriculture, forestry, water and energy, health, urban and infrastructure, tourism industry and
overall livelihoods and economy. The analysis shows that Nepal is highly vulntratimate
change. The analysis also suggests that more than 1.9 milbgtepere highly vulnerabland
millions are increasingly at risk, with climate change likely to increase this number significantly
in future. Most of the people living in the mid and far western regions are amongst the most
vulnerable, a situation closely correlated with the poverty rateogetareas, the heavy reliance

on small scale agriculture is increasingly at risk from more erratic rainfall patterns and their lack
of basic services and alternative livelihood options (MOE 2010). The small and mmadlixfied
farmers were highly vulnerablto climate change and to a larger extent the small and medium

rain-fed farmers adopted coping mechanisms for climate change compared to large farmers.

Adaptive capacity refers to the potential or capability of a system to adjust to climate change,
including climate variability and extremes, so as to moderate potential damages, to take
advantage of opportunities, or to cope with consequences (Smit and Pilifosova 2001). As the
name suggests, adaptive capacity is the capability of a system to adapt tts iofpelonate
change. Smit et al., 2001, have identified the following seven factors that determine adaptive
capacityare: wealth technology education institutions information infrastructure and scial

capital



The capacity to adapt to climate hamardand stresses depends on a
and governance (Kates 2000). Nepal demonstrates divergehgsical and climatic conditions

within relatively small areas resulting vast biological diversity, therefore, it is an ideal place to
studyclimate change impacts on natural and socioeconomic spheres. Adaptation strategy can be
of various types viz. shifting natural resources management practices and agricultural practices,
building institutions and strengthening communities, raising awaraiess climate change and
possible ways to adapt, development of new technology and better infrastructure etc. (Hedger et
al., 2008). The adaptation measures are aimed at reducing vulnerability of people to climate
change and necessary care should be tdka@nthese measures do not have detrimental effect
upon the vulnerability (Hedger et al., 2008). The adaptation programs and policies should be
designed as such that they will address cross sectoral issues of poverty alleviativerbity

and ecosysim services conservation, reduction of land degradation and soil erosion and increase
food security enabling achievement of sustainable development at various scales (FAO 2008).
Policies and plans like National Adaptation Plans of Action are regarded tiagoaary
adaptation meases (Bohle 2001 and Burton et 2003).

2.3 Climate changeand Nepaleseagriculture

The crop yields have strong association with the amount of rain it receives on righthimse.

crop and livestock production are highdgpendent on climate and the Nepalese farms and
farming systems are very vulnerable to climate cha(ig®PE, 2004). The pattern of
precipitation has been noticed fluctuated for the past 30 years in Nepal (Sleteati2®00).

Initial National Communication (INC) of Nepal to the UNFCCC reports that Nepal is already
facing water shortages during dry seasons despite the availability of enough annual surface
runoff (MOPE, 2004). Local communities from Nawalparasi shared ¢lperiences on change

in the climate in the recent years. About 95% people mentioned drought and erratic rainfall
patterns as the main indicators of that change. The increase in temperature and availability of
irrigation water are negatively related. farch finding shown that, if the temperature would
increase by % the effectiveness of the irrigation is decreased by 10% (Pradhan 2007). Early
Maturity of the crops due to increase in temperature may help in destruction of existing cropping
pattern. SHting of climatic zones has been observed in the country. Extinction of local basmati

rice varieties, some local wheat, maize and other agricultural crops was also observed. Research
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study showed that Nepal had the highest level of agricultural produdtivBouth Asia in the

early 1960s, but, its agricultural productivity was the lowest in the Subcontinent by the early
1990s (Tiwari2002). The destruction of land by floods and landslides, and subsequent declining

land productivity, compels people to opy forest areas, cultivate steeper land and look for
alternative means of living (Gurung and Bhandari 200Bg. p al 6 s Nat i onal Asse
for the World Summit on Sustainable Development (2002) recognizes the link between climatic
circumstancesan@lnd degr adati on, erosion and | andslid
6too I|little waterdéd is responsible for | and d
problem of too little water is going to be intensified due to climate change.

The impacts of climate change on crop yields, which impacts economic well being of the
country, are attempted and shown for different crop types @20®4). Any deviations from

the required optimum air temperature and humidity conditions of crops, negtégts will be

observed though in some cases, the yields would even increase by 81 to 21% but further change
would imply not increased production but reduced nutrient content as shown by some studies
(ibid). In terms of agriculture food security, locahomunities have identified changes in climate

as being | argely responsible for declining ¢
subsistence farming economy is facing risk due to changes in the reliability of stream flow, more
intense and erraticnonsoon, rainfall and the impacts of flooding. Decline in rainfall from
November to April adversely affects the winter and spring crops. Rice yields are particularly
sensitive to climatic conditions and these may fall in western region where a largeatipopof

the poor live and this could threaten overall food security (DFID 2009).

Assessments also show that climate change is posing a threat to food security due to loss of local
land races and crops (Regmi & Adhikary 2007). Due to uncertainties iatitrehavior, there

is always uncertainty in production and it keeps on fluctuating. In a humid climate like that of
Nepal, there will be changes in the spatial and temporal distribution of temperature and
precipitation due to climate change, which imtwill increase both the intensity and frequency

of extreme events like droughts and floods (Mahtab 1992). Increase in temperature result in a
reduced growing season and a decline in productivity, qodatly in South Asia (Pachauri

1992).

Eastern Terafaced rain deficit in the year 2005/06 by early monsoon and crop production

reduced by 12.5% on natial basis. Nearly 10% of agend were left fallow dueotrain deficit
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but mid western @rai faced heavy rain with floods, which reduced potidn by 30%in the

year (RegmR007). Early Maturity of the crops due to increase in temperature may help to have
more crops in the sameogr cycle (NARC annual reportphifting of climatic zones has been
observed in the country. Extinction of natural vegetatiocal basmati rice varieties, some local
wheat, maize and other agricultural crops was also observed. Cold wave in Nepal in 1997/98 had
negative impacts on agricultural productivity and showed reduction in the production of crops by
27.8, 36.5, 11.2, 30,736 and 38 % in potato, toria, sarsonustard,lentil and chickpea
respectively (NARC00J).

A few efforts have been made to mitigate and adapt climate change impacts in agriculture sector.
These include research on flood and drought tolerant varietiesop$, adoption of reduced
tillage practices and agfforestry, promotion of zero energy storage structures, gravity ripe
ways, plastic house farming, solar driers, ovens, raaa drip irrigation, rainwater harvesting
ponds; improved water managemen rotation and diversification; discouraging slash and
burn practices; development of early warning system etc. Several farmers are already involved or
are taking keen interest on green technology including commercial establishments. Some areas
with easyavailability of fertilizers and pesticides have also turned back to organic farming which
has been popularized by hotels and different environment concerned groups. A few examples are
the commercial farming at Thali and Kavresthali and experimental fgrati€hampi which are
adopting organic farming at commercial level (Sharma 2010). Decline in agriculture sectors not
only impact food supply but also bring adverse effect on industrial service and health sectors.
Improvement of agriculture production caenlce be a major input in climate change adaptation
measures in Nepal where more than 3 million 21 people are facing hunger and malnourishment.
A simplified calculation carried out by an economist indicate that one percent increase in
agriculture yield redts in the reduction of the population below pdyeline by 17 percent
(Pyakurel2009). Organic aggulture could support both GH@missions reduction as well as the

development of resilient farming systems for adaptation (Khanal 2009).

2.4 Climate chang@ and wheat production

Wheat is the first important crop in world and third in Nepal. It occupies 20% of total cereal area
and contributes 18.8% of the total cereal production in the country. It is desirable that the

minimum and maximum temperature duritige wheat growing period should b&C3to 32°C
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respectively and the mean daily temperature for optimum growth is betwéena@d 26C
(Briggle 1980). Assessment made by the Ministry of Agriculture aneb@oatives, WFP, and
FAO shows that the productiaf wheat and barley fell down by 14% and 1 #&spectively.

The report also indicated that situations were worst in western Nepal where food production
dropped by almost 50% in 20@®d wheat production was adversely affe¢iédFP 2009).For

higher yietls, water requirements are 3500 mm depending on climate and length of growing
period in Nepal. It has been mentioned that depending upon the availability of water, irrigation in
wheat crop is recommended at the crown root initiation stage3(28ays #er sowing), at the
heading stage and at the grain filling stage (NARC 1997).There should be adequate water during
the establishment period. Water deficit during gnein filling period results in reduced grain
weight, unlike it rainfall or irrigation dstroy both quality and yieldluring the ripening and
dryingi off period Climatic parameters like rain and temperature strongly affect the growth and

productivity of wheat.

An experiment conducted in Open Top Chamber at Khumaltareshiomrease of wheatield

by 8.63 and 9.74 % even at the increase of the temperature By &#@4the doubling of CO
Greenhouse effect due to doubling of Ofas observed only by 0.48and produced 9.74%
higher than ambient plots. Physiological growth stages like panicle initiation, heading, flowering,
milking and physiological maturity decreased by 14, 5, 9, 6 and 14 dsspectively due to
increase in temperature. Increase in the @@el in the G pathway in rice and wheat incredse

yield. Wheat sowing in Tarai can be delayed up to the second week of December without
significant reduction in yield. Wheat seeds sown beyond these dates resulted yield reduction of
30 to 50 kg/day/haNARC 1997). Sowing date of wheat in arid, seanid, dry subhumid, moist
subhumid and humid zones will shift towards cooler months with climate change. The shift in
the sowing date towards cooler months can offer an opportunity to offset the likelytsnopac
climate change. With each advance in sowing date the growing season length decreases

compared to the previous sowing, in the baseline as well in the climate change scenarios.

This suggests that alteration in the sowing date might not interfer@thith crops grown during

the remainder of the year, but might offer an opportunity of some additional time that can be
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utilized for land preparation or to grow an additional crop. Apart from this, cultivars that can take
benefit of shorter durations witle beneficial. Because of high Experiments in India reported by
Sinha found that highetemperaturereduced radiation associated with increased cloudiness
cause spikelet sterility and reduced yield in wheat to such an extent that any increase in dry
matter production as a result of géacilitation nullified the advantage of grain productivity.
Morey and Sadaphdgll981) reported alecreased ofvheat yield by 100kg/ha for a unit of
increase of & maximumtemperatured.5 hour sunshinéVheat production was increased by
41.5 % in theTerai plain 24.4 % in the hill and 21.2 % in the mountain under the elevated CO?2.
The yield however decreased by 1.8% in the Terai but continued to increase by 5.3 % in the hill
and 33.3 % in the mountain 4fc rise in temperature under irrigatedndition. The study
conducted in India showed that, in subtropical region there will be small decrease in potential
yield by 1.55.8% but in tropical zone the decrease will bel8% (Agrawal and Kalra 1994). It
indicates thatain-fed wheat productivity is likely to suffer more in Terai as compared to the
midhi | 1 6s environment in a climate change scen

on the wheat yield at all levels of temperature rise (Sherchaid2€07)

Line sowingwith 25 cm rowsapartit is found that the introduced wheat variety Bijaya
performed slightly better (3 ton per ha) than Gautam (2.8 ton per ha) and locally adaptive wheat
variety (2.5 ton per ha). Similarly, Bijaya was found totéker than other varieties and gave
more straw. It rained 4 times (total rainfall 56.6 mm) and there was significant hailstorm during
flowering stage inMotipur, Bardiya (Caritas Nepal 2013). Caritas Nepateportedthat the
farmers improved cultivation practice by sowing in row 25 cm by 25 cm (and line sowing) as
against broadcasting. However, they did not use adequate organic fertilizer or any additional
chemicalfertilizer inputs in these trials in winter of 2013/1 In Nirmalpokhari of Kaski district,

the farmers stopped cultivating wheat for some years now because eduasavinter rainfall
(Caritas Nepal2011). Economic concerns associated with adaptation option, it will be
comparatively easy to adopt theeadition in sowing date as it will most probably be at no cost
decision Sultana and Igb&009).
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2.5Climate Change andclimatic study of Bardiya

Bardiya lying in tropical region, i®ne of the warmest districin Nepal Districtis identified as
vulnerabledistricts as per reported byational Adaptation Programf Action (NAPA) (MoE

2010). The erratic and low rainfall and prolonged dry winters haegative impact on
production ofwheat cropandhamperingiood security in Bardiyalistrict. The winter crops like
wheat barley and potato wergeriously affected by low and latesinter rainfall. Therewere

mainly two meteorologicalstations for collecting meteorologicaldata of district. District
Agriculture Development Office JADO), main governmentabody of Bardiya district in
agriculture wasrunning programs against climatéange in agriculture. They had supporting
nonklimatic adaptation such as varieties demonstration, participatory varietal selection program,
study of croppig pattern, homegardening to aensene local varieties, seed distribution of

drought and submerged tolerance rice.

CaritasSAFBIN project wasworking in the field of climate changeadaptation research.
SAFBIN wasworking in sixrain-fed drought areas Bardiyadistrict by launching its programs

in varietal trail on ricsSukkha dhan 1, Sukkha dhan 2 and Sukkha dh@areBlocally dominant
Radha 4 variety. \Weatwith different sowing methodand seed distribution of vegetalidealso
doneto promote homeayden. They also provided metal beard locally made dehafor seed
storage.Caritas also provided rain gauge, maximum minimum thermometer in project area to
record weather data of that are@aritas Nepal looked into possibility of improving wheggld

by undertaking wheat varietal trials in some of t®ject locations in BardiyaThe rust
resistance varietiebke Bijay, Gautam and Aditya were planted in the Bardiya. The locally
adaptive resident wheat varieties were used as control in théotwcaCaritas Nepal presents
here the initial findings of the participatory action research (small holder farmer group led
research) undertaken on performance evaluation of different wheat varieties in Motipur and
Beluwa VDC of Bardiya district in winter®12 So the farmers of SAFBIN group had maadea

about climate change amadaptation practices to fight its problem.
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CHAPTER 3: RESEARCH METHODOLOGY

This chapter deals methods of conducting current research in the study location from starting to

proposal preparation, data collection, data analysis and reporting.
3.1 Selection of study area

The research was conded in Motipur andKalika VDCs of Bardiyadistrict Bardialies at 28°
17-28 U390 N -s8Bi°dl" B.ITdtal @ea covered by this district is 2,025Kdistrict
headquarter is Gulariya and it is surrounded by-Baske, WesKailali, North-Surkhet and
SouthUP Indiaand 138m the lowest and 1279 the highest regions of this district. It constitutes
31 VDC and 1 municipality. Motipur anHalika lies onrain-fed region of Bardiya district.
These VDCs were purposively selectecCasitasSAFBIN projectintervention areas.

akzn ww afaesr, Aara
Fig: - 1 Map of study area source:www.ztopics.com/bardiya district
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3.2 Sample size and sampling procedure

Prefield visit to selected VDC was conducted and a respondent's profile was prepared. 50
farmers were selected from Motipur and 30 farmers selected from Kalika VDC in which 50% of
farmers were selected from Cart8A8FBIN group and remaining 50% outsidAFBIN group.
Farmers were selected after key informants survey and-fefatevisit. Moreover age over 30
years and indigenous people were given the first priority in sampling. Altogether 80 farmers
were selected for study on whdata r mpencepteon, ipact, adoption measures under climate

change and vulnerability context in these areas.

3.3Interview scheduledesign

Semi structured questionnairgsee appendixl) was preparedor data collection through
household survey, focus group discussion and kdgrmant survey Pretesting of the
guestionnaire was done by interviewiiige respondents near the study area and some necessary

adjustments were made.

3.4. Data Collection

3.4.1 Primary data collection
For primary data collection both open and clogadstion type was used to collect the data.

A) Household survey:During the household surve§0 respondents were interviewed in
survey from two VDCs in which 50 respondents from Motipur and 30 respondents from
Kalika. Among the respondents 58.8% of the oeslents were female and 41.2% were
male. Major portion of respondents were female. Study area was under caritas SAFBIN
project area where majority of the group members were feffaktegorize espondents

into threeage group: 71% were 3060 years olddllowed by19% of60 years abovend

0,
9% below 30 years D>60 06030 O<30

DN




Fig2:- Age of respondents Source:Own drawing field survey2014

B) Key informant survey: Under this survey, key person who know the knowledge of the
area and the changing climatic condition were taken. Lefdarers Agro-vet shop,
DADO officer, Head ofCaritasSAFBIN programBardiya, RARC Khajura Officer were
selected foKIS. Altogetherfive KIS were taken(see appendi®)

C) Focus group discussionDiscussion was conducted with the farmers to know the past
and present condition of climate, change in the aljua Altogether 5 focus group

discussionsvereconductedncluding more than 15 farmers in each graigee appendix

3.4.2 Secondary dta collection
Secondary information was collected from Central Bureau of Statistics, District Agriculture

Development Office and Department of Hydrology and Meteoroldg&RITAS-SAFBIN
project, RARC Khajura. Some additional information was obtained from associated

organizations and professionals.

3.5Data tabulation and analysis

The information collected from the field was first coded and entered into the confpating
of data was based on Statistical Package for Social Science (SPSS) and Miétrselt
program need. Mostlylikert scale was formulated making the codes for various responses
collected from the respondents. For example, farmers response of: feel efgemrise: 1=

increasing, 2= decreasing, 3= do not change and 4= do not know.

As soon as data tabulation finishes, excel data sheet was imported to SPSS for analyzing by
using both descriptivestatistics: frequency counting, average, mean, standdediation,
percentage etc. and inferential statistical tools. The descriptive statistics were used to describe
t he r es p o redromic sharacters suchoas sex, age, land holding etc. Overall analysis
was carried out by using Statistical PackageSocial Science (SPSS) and Microseiixcel
program.After secondarydata collection analysis was done by using correlation and regression.
Regression analysisasused for prediction and forecasting. Monthly temperature and monthly
rainfall data of nearbgtation for the periods of 27 years (198%1L2 AD) for Bardiya district

was collected from Department of Hydrology and Meteorology were taken as independent
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variables.Duration of wheat growing season was considdrech November to April and
average of teperature and rainfall data of that period was taken into acdMingatyield of the

same period was assumed as annual yieldhef Bardiya district. Thus, wheateld was
considered as dependent variable and its independent variables were climaticafteepand
nontclimatic (area of cultivation).

The linear trend between the time series data (y) at time (t) is given in the equation below:
Predictions of the yield changes with climatic variables, from regression model based on
historical climatic andgield data for specific crops are relatively accurate

Dy=b +b DR+b DT +bDT
0 1 2 max 3 min (1)
Where DY is change in yieldof wheat; ™ year, bO is the constant ternt)l b2 and b3 are

coefficient of respective climate variables rainfall (R), maximum tyatpre & minimum
temperature respectivelyMultiple regression modedf the above question can bitten as

Yi=a+b X +0,X,+ b, X, +.......+ U -----mmmmmmeee- (2)

Where y; = yield of wheatat year t, Xi = independent variables: temperaturg, (% (rainfall),

X3 (area of cultivation)f = ti méo (gedr Wbofdnare the constant
estimated by the principle of ordinary least square (OLS) estimator (Gujrati, Porter and
Gunasekar 2013).

Testing level of significance It was applied for hypothesis testing by ustAgst f-test, R
squared test, anprobability (p)-value. The null hypothesis gHof no change in any effect of
individual coefficients (by-test), no "goodness of fit" of the model (by usirtgdt and B were
testedat n-1 degree of freedom (df). tlalculated value ofandf exceed 0.0%abulated value of

t or f at 5% level of significance andInd.f.), we say that the difference between mean of sample
and mean of parent population is significant at 5% level, if it exceed$é difference is said to

be significant at 1% level. Clsiquare (X) test was tested to measure the normality of the model.
Also, measuring relationship of various responses also tested by using?Xest. If X2=0,
observed and theoretical frequencigsee exactly. The larger the value dfthe greater is the
discrepancy between observed anghestedfrequencieslf the calculated value exceeds the

tabulated value 5% level only then we infer a significant difference between the observed and
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expected iequencies. If the calculated value exceeds the tabulated value at 1% level we infer a

highly significant departure.

Trend analysis was used to explain average annual production, average annual maximum

temperature, average annual minimum temperature\ardge annual rainfall.

All analysed data were presented under result and discussion section. Their summary and final
report will be prepared and submitted at concerned offices.
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CHAPTER 4: RESULT AND DISCUSSION

4.1 Socioeconomic status wéspondents
Land area of the respondents wdisided into three parts. There was large variation in

landholding Fifty percent of the respondent had land area betwe2@ Kétta followed by

more than 2&atthathirty percent and twenty percent belowkiitha The average landholding

was 18.9&attha Similarly respondents with wheat land belovwkatthawere 78.8% followed

by with eighteen percent with 42D katthaand 2.5% above 2attha Average wheatultivating

land was 8.16 katthaand average wheat production 6.05 quintal. The major crops grown are
paddy, wheat, lentil, chickpea, maize and vegetables. Rice and maize are rainy season crop while
wheat, lentil, chickpea were grown in the winter season.

Tablel: Total land holding and wheat land holding

Area(katthg Respondent%
Total landholding Wheat land holding
1-10 20 78.8
11-20 50 18.8
>21 30 2.5

SourceField survey(2014)
It is observed that fifty two respondents were in food sufficiency level while sixteen respondents
were in 69 month food sufficiency. Similarly eight respondents were-éhr8onth food security

and four respondents were only less than 3 month food sufficiency

60 -
50 -~
40 A
30 -~
20 A
o L

0 T T T 1
9 12 6.9 month 3.6 0.3

respondents nomber

Fig 3: food sufficiency status of respondent Source: Own drawin(2014)
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4.2 Climate changeperception analysis

4 2.1 Causeof climate change and perception oand weather condition over decade

Table 2 depicts perception of farmers on weather condii@b% of the respondents felt
climate change an@.5% di dn o't f el t 538%iofmleetresporddnts rsagdeclimate
change was due to human activittegurally (25%) and 219 d i lkhowdhe causef climate
change. All of respondents experienced in ingirgatemperature level, decreasing in winter rain
intensity, winter rain severity and frequency. Decreasing flood frequency was experienced by
88.5%, increasing 3.8% and 7.586t change. 58.8% experienced increasingught length
severity decreasing 28.8% and 12.5% no chargymilarly 90% experienced drought frequency,

5% decreasing and 5% experienced not change. Increasing hailstone severity was experienced by
only 18.8% respondentd(% decreasing, 33.8% not change and 7%% d n 6 t Simkanlyo w .
81.246 of the respondents experienced in increasing frost and sedeatgasing 10% and 8%
experienced not changéll the respondents experiencedelamonsoon and short duration and
experienced the climate change effect and failure of crigsirdecades.

Table2: Perception on weather condition over decade

Weather parameter Increasing Decreasing No change don't krow
Temperature 80 (100%)

Winter rainfall irtensity 80(100%)

winter rainfall frequency 80(100%)

Landslide floodingseverity 3(3.8%) 70(87.5%) 7(8.8%)

Landslide flooding frequency  3(3.8%) 71(88.5%) 6(7.5%)

Drought length severity 47(58.8%) 23(28.8%) 10(12.5%)

Drought frequency 72(90%) 4(5%) 4(5%)

Hailstone severity 15(18.8) 32(40%) 27(33%) 66(7.5%)
Frost dewseverity 65(81.2%) 8(10%) 7(8%)

SourceField survey(2014)

4.2.2 Effect of climate change perceptioon wheat stages
Perception of respondents on seed sowing because of rainfall pattern is depicedein

68.8% of the respondentiid late seedsowing, 8.8% arlier, 12.5% no change and 108
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respondents dondédt know about change in sowing
36.2%, later1 0% no change and 17.5% dondét know abou
41.2% of the respondefelt the germination of seed in short tinheng (43.8%),7.5% felt no

change and 7.5%idn 6t k n o wmiratowo tume.25¢ eespondents expeneed flowering

in short time¢ 17.9% in long time 17.3% no change and 40%idn 6 t know fl owerin
312% of the respondents experienaedturity periodin long time,short time 47.%, 15% no

changeand 6.26 ddn 0t felt change in mat ur i68.80ofperi od
respondent obserdalecrease in wheat yield8.8% experienced on yieldcreasing and 17.4%
experienced no change in production during decadé b t he f ar mer 6s who ar
improved varieties observed increase inldjien recent years. All the respondents had the
knowledge about crown root initiation and irrigationuggment at this time. They experienced

that unavailability of irrigation in CRI stage is one of the main reason for reduction of wheat

yield.
80 - 50 -+
70 - 45
60 - 40 -
%50 | o 35 -
g 40 A g 307
o @ 25 A
g 30 - 5 20 -
20 - <15
10 - 10 -
0 - 5
earlier later no don't 0
change know short long no change don't know
DOsowingdate ™M flowering Dgermination M flowering period " maturityperiod

Source: Own drawings from field survé014)

Fig 4: Climate change perception on different wheat stages

4.2.3 Perception on diseas@est and weed infestation

Table 3 depicts perception of farmers on disease, pest and weed infeStetienty percent of

the respondent experienced disease problem on wheat. They were facing loose smut as the main
diseasavhereas30% dich 6t e x per i e n c eFortyperceneohtbecfarnresnsvieted m.
more weed i nfest teeliSwilarly,ansedt pestOpbobletni wdsne&perienced by
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85% of the farmers. They experienced disease and pest problem in panicle iratatigrain

filling stages of wheat subsequently reduction in production

Table 3: Perceptionon disease, pest and weed problem

Problem Yes(%) No (%)
Disease severity 70 30
Weed infestation 40 60
Insect pest infestation 85 15

SourceField survey (2014)

4.2.4 Perception orreason forloss in wheat production
Figure 5 depicts perception on reasgnfor loss in wheat productiomhere al the farmers

experienced that drought during wheat sowing and growing time is the main reason of loss in
wheat yield.Similarly, 86% farmers experienced due to delayeel ssowing time, 50% soill
fertility, 55% due to disease pest infestation, 30% weed infestation, 60% use of local varieties

and 70% experienced loss is due to use of less ambahemical fertilizer anéFYM.

Less fertilizer/fym application || G
Use of local seed | EERGGGNNNGE
weed infestation || Gz
Disease pest infestation || GTGTGTGcNGGG_GN
Soil ferlility |
Delayed seed sowing time || EGTcRGNGGNG
Drought during seed sowing time || EGTGcNNGNGGEEEEE
0 20 40 60 80 100 120
percentage

Fig 5: Bar graph showing perception on reason for loss in whegiroduction

Source:Owndrawingfrom field survey (2014)
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4.3 Timeline of climate change lazards in study sites

Sharing fromFocus Group Discussion (FGBvealed and identifiechajor hazard occurred in

Motipur (see in table 4) and Kalika (see in tabjevithin 10-year associateid wheatfarming.

Table.4 Hazard timeline in Motipur VDC

Date (BS) Disaster Effects

2065 Drought Lossup to25% in wheatand other winter crops
2066 Drought Decrease the yield of wheatop by 1015%
2067 Drought Decrease the yield of wheatop by 1015%
2069 Drought Loss in wheat cropp to20%

2070 Hailstone Loss in wheat yield by 50%

Source: FG2014

Table.5 Hazard trend of Kalika VDC, Bardiya

Year Disaster Effects

2061 Hailstone about 2025% vyield loss irwheat,pea and chickpea
206  Drought Yield loss of wheat

2067  Drought Decrease the yield of wheatop by 1015%

2068 Hailstone Decrease the yield of wheat crop by@d%o

2070 Heavy winter rainfall Partial loss in wheat yield

Source: FGO20149

4.4 Caritas intervented and non interventedgroup in response to climate
change perception

Difference in the Caritagterventedgroup membersand non interventedyroup were clearly
demarcatedh survey area. Farmers of Caritas group were active to respond the answer, they had
knowledge abauclimate change and adaptation practiceBght against climate change haeds

and effectslt was the impact of research programroaducted by CaritaSAFBIN. Caritas has
performed different variety trail at the farrsefield with thef a r mpantioipation. Farmers of
SAFBIN group had better knowledge in seed and grain storage technique to prevent from storage
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loses With the view to cope with increas#rought in the different area in Bardiya district,
varietal trial of wheat varieties Bijay and Gautamre conducted inline sowing. After the
adaptation of these new varieties and sowing technique Caritas farmers expeangrogtg

food sufficiency Caritas SAFBIN group farmers experienced on increasing wheat yield in recent
years it is due to cultivating new improve varieties provided by CARID&fSre that they used

to cultivate local varietiesSamegroupmembershadIPM knowledge bunot practicedn wheat

farming

45 Socialteconomic relationship on wheat yield

45.1 Relation between gender, adéhetland and wheat land on wheat production

On the liner regression analysis using SPSS of independent variables age kiptded, wheat
land on dependent variable wheat product©oefficients of gender and age were not significant
but area of coveragéhet landand area of wheat) had positive significant relationship at 5%
level (see tables). The value of R (0.639)means only64% variability was explained by the
model over total variationThe analysis fovariance (ANOVA) table showeithat f-statistics was
significant (f= 33.2)meaning thamodelidentified by the regression was best fittgdodness of

fit".

Table 6: Coefficient of regression analysis

Standardizeo
Unstandardized Coefficients | Coefficients
Model B Std. Error Beta T Sig.
Constant -3.595 1.802 -1.994 .050¢
Gender -.365 574 -045  -.635 528
Age 692 553 09q  1.257 215
Khet land 1.172 450 21§ 2.604 01T
Wheat land 5.32¢ .686 .647 7.768 .000*

Source: Own analysis (2014)
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45.2 Correlation between wheat productivity amtimatic parameters
Twenty-seven years (198-2012 maximum temperature, minimum temperature and

precipitation data for growing seasons and annual productivity wheat was correlated using
P e a rsscorrelation In Bardiya growing season ofvheat is NovemberApril. Statistically
significant negative correlation@.459 was found between productivity of wheat aaderage
rainfall of growing season of whedt indicates that there is decrease in wheat production with
an increase in rainfalbut there vas no statistically significantcorrelation with minimum
temperature anthaximum temperaturef the wheaggrowingseasonlt indicates that there is0
effectin wheat production with an increase decreasé maximum temperature and minimum
temperature(N=27,p=0.05)(Seeappendix 4).

4.6 Trend Analysis

4.6.1 Minimum and maximum emperaturetrend

Onthe trendanalysis of the temperature oafliya district minimum tempature and maximum
temperatureof the Rani jaruwa nursery station was taken from the DHM. The average annual
minimum temperature and average annual maximum temperature was obtained usingoverage
all months using SPSS. Mean maximum temperature obtain€d isvBere as mean minimum
temperature obtained i32 . The highly significant relation was obtained between time with
maximum temperature and average temperature while no significant rela@soabtained with

the minimum temperature.

There is also increasing trend of maximum temperature, minimum temperature and average
annualtemperaturevhile no significant relation was obtained with the minimum temperature.
Analysis found the increasing trend wad maximum temperature (0.064minimum
temperatur€0.014) and aveage temperature (0.299) of tharBiya district.

Table 7: Temperature trend analysis

Temperature Yearly

t max t min t avg
Mean 6 ) 32.98 22.52 27.75
Standard Deviation 0.843588 0.539106 0.59128369
Maximum temperatures() 34.6 24.3 29.7
Minimum temperatures() 31.8 21.8 26.95
correlation with time 0.630 0.214 0.547
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trend ( -C | yee0.064 0.014 0.299

SourceDHM(2014)
36 -
y =0,0646x + 32,048
34 - R?2=0,3973
==¢=max temperature
32 -
Q == min temperature
é 30 1 y =0,0393x + 27,183
¢ R? =0,2993 average annual temperature
g 28 - ///
(%l —— Linear (max temperature)
(e 26 .
y =0,014x + 22,318 —— Linear (max temperature)
24 - R? = 0,0457
Linear (min temperature)
22 -
——Linear (average annual
20 T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 temperatur‘e)
O DN O NP AN DD OISO D
D7 B D DD DD DL LT L LD
N RTRT DT RTRDTRDT RN AR AT AR AT AR AR

Figure 6: Temperature trend of Bardiya district
Source: Own analysis from DHM (2014)

4.7.2 Rainfall trend
Table 7 depicts different kinds of rainfall patterns nearby the study sites (Ranijaruwa nursery

rainfall station of DHM).From this analysis we found théite maximum rainfall was noted to

fall in the main monsoon that was 1785 mm while lowest maximunfatbimoted was 15 mm

of the winter rainfall. Postnonsoon and wintemonsoon noted to have zero rainfall in the
various years. There was highly significant correlation was found between time and main
monsoon while no significant c@lation was found witlothers andighest mean was 150nm

of main monsoon rainfalind the least mean was 38 mm of the qpashsoon rainfalbut annual
rainfall was 129 mm. High deviation irthe monsoorand annual rainfall was found 317.57 mm
and 337 mmrespectively.The lowest deiation was 45.61 mm which was found in the winter

monsoon. Trend of the pre monsoed.21), main monsoo(8.21), wintermonsoon {1.89) and
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annual rainfall {8.03) was found the decreasing while increasing trend was found in the post
monsoon raifall (1.041). Thisevidencan decrease in rainfall was alperceivedoy thefarmers
asexplained in @ble 2. The evidence indecreasen rainfall trend wasalso concluded by the

variousNAPA report.

Table: 8 Rainfall trend analysis

pre main post winter annual

monsoon  monsoon monsoon monsoon rainfall
mean (mm) 90.9 1104.88 38.34 62.7 1296.84
Standard deviation 73.6965 317.5747 57.35573 45.61823 337.3511
maximum rainfall 367.5 1785 261.5 154.8 1909.6
minimum rainfall 7 603.4 0 0 777
correlation  with
time -0.427 -0.08 0.144 -0.33 -0.189
Trend (mm/year) -3.2143 -3.2143 1.0417 -1.8984 -8.0315

Source:DHM(2014)
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Figure7: Rainfall trend of the Bardiya district
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Figure 8: Monsoon rainfall trend of the Bardiya district

4.8 Climate changeadaptation practices of the respondents

4.8.1Adaptation activities over climatic hazards by wheat growing farmer
In adoption practices 65 respondents adopt drought problem by sowing seed after winter rainfall.

43 respondents use improved seed whereas@h 6t use i mprove varietie
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Farmers donodt know the name of previous var.i
namedlocal Setoand Local Rato. Some farmdn Kalika VDC bought seed from India so they

d i didentify variety nane but the farmers of SAFBIN who were cultivating new ioved

varieties Bijay and GautamAt present farmers were cultivating NL257, Gautam, Bhrikuti,
Aaditya and Bijay as new varieties. Similarly 58 respondentd nee chemical fertilizer and

all the respondents udemore FYM/compost and for adoption in loss of productivity. No any
respondent adoptl any kind ofmoisture conserving technique, seed sowing method and IPM

practices.

ipm practices_

Conserving moisture techniqu_

Changing Sowing methoc_

more fym/compost |

Bno

. - Oyes
more chemical fertlllzer_ |

use of improved varitie_—l

sowing after winter rainfall 1

0 10 20 30 40 50 60 70 80 90
percentage

Fig9: adaptation activities adopting by farmers
Source: Own drawinfrom field survey(2014)

Farmers experiencednoloss of productivity,disease insect pest attack, droughtyeed
infestation and losses by store grain pest as effects. Yalapicts adaptation practices over the
effect of climate chage by wheat farmers where bifianging sowing timadoption of climate

smart varietieSGautam, Bijaya andiditya, useof more chemical fertilizer, fym/compost to
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adapt loss in productivity. Similarly for diseapest attack by removingttack part as possible,

loose smut is the major problem in disease.tF weed problem hand weedi
adapt any modern and technical practice for moisture conservation. Only rich and elite farmers
were using motor pumping. For loss in storaigmpest proper drying and mixed with neem as

their adaptation practice®ADO and Caritas Nepal launched awareness programmes about
climate change and climate change adaptation activities.

Table 9: Adaptation practices over the effect of climate change byheat farmers

Types of problems Adaptation activities

Loss in productivity Changing sowing time
Adoption of climate smart varietie€Bijay, Gautam )

Use of more chemical fertilizeFY M/compost

Disease, insect pest attack Removeattack part ifpossible

agrovet consult

No moisture (or long drought) motor pumping (only rich farmers)

sowing after rainfall

Weed infestation Hand weeding

Losses by store grain pest proper drying and mixed with neem

Source: FGD at Motipur and Kalika(2014)
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

5.1 Summary

Wheat is major staple crop in world and third in Nepal. Although the large portions of people are
involved with agriculture, agriculture productivity is lowest among the South Asian countries
with increasing population growth and decline in agricultural production land.

A study was carried out in two VDCs of Bardiya district with the objectives of a) documenting
special differences on climate change vulnerabilities really happening at the progicindo)
measure community perceptions on climate change before and after project intervention c)
mapping climate change adaptation measures taken by the communities along with project level
interventions and coordination d) estimating adaption costeddysthe climate change effect.

Altogether eighty HH survelfifty HH from Motipur VDC and thirty HH survey from Kalika

VDC) waschosenand interview schedule was conducted with the help otgsted structured
guestionnaire.Five FGDs with the involverent of 75 participants ands5 KIS were also
conducted to collect other data and information by using-saontured questionnaire@ata on

climatic parameters anatheatproduction of Baridya districtvere collected from DHM, CBS

and MOAD, respectively. The collected primary and secondary data were entered into Microsoft
excel worksheet as well as SPSS worksheet. Then, perception analysis, trend analysis and

regression analysis were undertaken by using SPSS version 16.

Regarding tqoercepion analysispn climate change, different types of quesdiarere asked to

the respondent4 % of the respondentperceivedclimate change wasiduced byhuman
activities Almost al respondents experienced increasing temperature pavetularly in wheat
planting seasqrdecreasing winter rain intensity, winter rain severity and frequency. Decreasing
flood frequency wasalso experienced by8%%, 59% experienced increasingrought length
severity 90% experiencedncreasingdrought frequencyexperience ofricreasing hailstone
severityby 19%,and81% of the respondents experienced in increasing frost severity. All the
respondents experienced later monsoainfall, short duration and experienced the climate

change effeobn wheain last decdes.
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In a same lingperception of respondents avheat crop productiosalendar change was also
assessed9% of the respondents experienced late seed sdvénguse of no rainfall in winter
or no preserved soil moistur®ther morphological growth likeearlier flowering of wheat by
36% respondentlongerduration of germination of seed (Bx%) shortertime of maturity wheat
maturity period (by8%).

The result shows that 63.8% of respondeyderve decrease in whegteld. Thereasons of low
wheatproductionwerewinter drought and use of local varieti€n the study, farmers reported
continued losses ranging from -40% in the production due to drought or delaywmter
rainfall. However, since CariteéSAFBIN launched, farmers experiencéttreae in wheat
productivity because of adaptation Bfjay and Gautam as new varieties with line sowing

method.

Study alscanalyzedsecondary data analysis of last twenty seven years of Bardiya district. Mean
annual temperature, maximum temperature and mimitemperature waslightly increasing by
0.039C, 0.064C and 0.01%C, respectivelywhile rainfall trend was decreasing by 8.031mm.
Premonsoon rainfall, main monsoon rainfall and winter monsoon rainfall were decreasing in

trend by 3.96 mm, 3.2mm and 1.89mm. But post monsoon rainfall was increasing by 1.89mm.

Coefficients of gender analge were not significant but area of coverfideet landand area of
wheatland) had positive significant relationshgnd statistically significant negative correlation
(-0.455) was found between productivity of wheat and average rainfall of growingsefaso

wheat.lt indicates that there is decrease in wheat proomietith an increase in rainfall.

Mostly wheatfarming after winter rainfall was practiced in the study site, where there were no
facilities of irrigation and moisture conserving techniguestmers were fully dependent on
natural rainfall, which increases the level of uncertainty. Thus these areas were prone to drought.

Adaptation with the changing climatic condition in tiesearch site seem to be poor not modern.

5.2 Conclusions
1 It is evident from the study thaéspondents of the study VIBGelt impact ofclimate

changeon wheatcrop. Cultivating wheat from NovembeApril had postmonsoon, pre

monsoon, frost, hailstorm, dew and temperature effect.
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1 Although, poor relationship oftemperature effect on wheat yielchntinue drought in
wheat growing seasoupto 45 yearsand poor winter rainfall but limited option for
irrigation brought poorcoverage and poor grain productivity the wheatin the study
area.

1 Some farmers suggestedltivation of local wheat cultivar are climate smarter but others
said hybrid or improved (Gautam and Aditya) ones. Existing supports on wheat crop
related adaptation programme were insufficient in lieu of that farmers have no idea on
climate smart or nesmart adaptation. CaritsAFBIN supportedfarmers were a bit
opportune toadgpt and have more knowledge about the climate change but true fact is
"poor adaptation practices on whestseenbecause of poocawareness; odiffusion on
climatesmarttechnologies

5.3 Recommendations

1 Study suggests Carit&%AFBIN Management Team to replicate the findings of this
research in the working districts of similar climate, crop, and clients.

1 Motipur and Kalika VDC, being raifed so irrigationinvestmentsare required to help
farmers to adapt tHeng and unpredictable drougshart wheat technologieb order to
supplement current level of adaptation supports to the respondents, study recommends
more coverage and more adaptation activitiesaniples would besupporting
groundwater extraction technologieapid support of rainwater harvestitechnologcal
diffusions along with climate change mitigation programs in a coordinated way.

1 Asstudywas compl et ed Dbsyantplasklimitegey infermant\inBe@iéw,
and FGD, the researchers suggests Caf@fs#sSBIN to check the current results and
findings by conducting advanced research in large sampling frame. Research priority
would be including many socieconomic and climatic variables amdapping their
relationship on final decision of climate change adaptaton.wheat cultivation frost,
dew, minimum temperature, winter rainfall, posinfall and premonsoon rainfall
variables are suggestéultaken intoresearchaccountsFurther resarchis the important
to document the impacts, vulnerability and adaptation of the study area that might help in
policy making and prioritizing adaptation process
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APPENDICES

Appendix 1: Structured questionnairefor household survey

Interviewer: Date:

1. General information

Name: Sex: M/ F Age: yrs

Address

Area Of Land totddattha Bari land Khet

Area of wheat cultivated land___ kattha producton variety
name:

Food Sufficiency a) 33 month b) 3-6 month €)6-9 month d)9-12
month

Major Agricultural Commodities

2. Farmer's Perception on Climate change

2.1 Have you felt about climatdhange?
Yes / No

2.2 Do you know the cause of climateange?
A. it is Natural
B. it is caused by pollution emitted by people and industry leading to change in climate
C. Dondét Know

2.3 Have yolexperienced any change or deviation in weather parameters over the peat 10yrs
YedNO

2.4 Have you noticed changes in the following weather conditions?

Weather Increased Decreased No Change | Don't Know

Temperature level

Winter Rainfalli intensity

Winter Rainfalt
frequency




Landslide/flooding
severity

Landslide/flooding
frequency

Droughtlength Severity

Droughti Frequency

HailstormAmount n
severity

Frost/Dewi Amount
Severity

2.5 Have you noticed Changes in timingR&infall Monsoorn)? (Tick)

Weather pattern

Timing of premonsoonbeforeJune) Earlier Later No change | Don't Know
Duration of pre monsoon Short Long No change | Don't know
Timing of mainrainfall(Junel® - august30) | Earlier Later No change | Don'tknow
Duration of main monsoon Short Long No change | Don't know
Timing of Postmonsoon( 130 sept) Earlier Later No change | Don't Know
Duration ofpost monsoon Short Long No change | Don't know
Timing of winter rainfall Earlier Later No change | Don't Know
Duration of winter rainfall Short Long No change | Don't know

3. Effect of Climate changes on wheat

3.1 Have climate changes had any effect on your farming over the last 10yrs?

Yes/No

3.2 Have you experienced failurewafieat inlast 10 yr®

Yes/NO

Reasons for wheat failure: a. Drought hé&avy/continuous winter rainfall

c. wind

d. hailstonee. more weed infestation dthers

3.3 Have you experienced changing problems of pest and diseases in the last 10yrs?

A. Increase Severitly Yes/NO

b. In which stage there of wheat is affected rfiore

c. Is there occurrence of new pest/disease in lagtsi0

Yes/No




,,,,,,,,,,,,,,,,,,

3.4 Haveyou experience problems and emergence of new weeds? Yes/No
fyes mention the name of weedsééeéeéééeééeeéée.
3.5 From where do you get seedndfeat?

a) Own b) Governmental agencies c) Agro vet d) From Indithee

3.6 Have you noticed any change in wheat performance in 1ass20 YegNo

Effect on crop Performance Increased | Decreased | No change

Crop Yield

Crop Biomass Yield

Grain Size

Grain quality

Crop Taste

Other

3.7 Have you noticed any change in wheat growth in last 10yrs? Yes/No

Stage

Seed sowinglate Earlier Later Don't know
Days ofseedgermination Short Long Don't know
Flowering Earlier Later Don't know
Floweringperiod Short Long Don't know
Maturity period Short Long Don't know

4. Vulnerability Context in wheat farming

4.1 Have you faced a climate related crisis in last 10 yrs? Yes/No

4.2 \What type of climatic hazards affected wheat farming?

SN Types of effect Increasing/Long Decreasing/Shor Reason
a Drought period during seed sowil
time
B Heavy and continuous Winter rainfa
. Delayed in seed sowing period
D

Damage in germination of seed




Losses of standing crop

type of insect pest damage

type of disease pest damage

H losses by wind /hailstorm
| losses by weed

J Losses by store grain pest
K

% of losses in wheat yield

5. Climate change/vulnerability context adaptation situation of wheat

5.1 What are the adaptation activities/strategies followed by your household to adapt the climate
change impacts?

a. Change in sowing date
b. change in varieties of whegbreviousvaet yé é € ééé. . . new varietyeeéeeeé
c. Diversifiedfarming instead of growing wheat .
d. () Application of more chemical fertilizers
(if) Application of more FYM/compost
(i) Application of herbicide and pesticide
e. Use hybrids/improved cropneties Name of varietyéeéeééeéeéecé.
g. change in seed sowing method ()
h. adopting different IPM practices ()

5.2 What are the major adaptation practices as per climatic hazards in your household?

Types of effect/Hazard Adaptation  practices @ Suggestions

N present context

Loss in wheat land

Losses in whegtroductivity

No moisture /insufficient water

Loss of agricultural assets

S.
a
b
C
D
E

Insect pest attack




Disease attack

Losses by winter rainfall

I © T

Losses due to hailstorm/snowfall/fog

Losses by Weed infestation

5.3. Adaptation strategies for conserving moisture:
a) Rainwater harvesting ()
b) Mulching ()
¢) Minimum tillage/zero tillage
d) Dew harvesting

e) Others

—~~ ~— N
N— N—r ~

5.4 Are you willing to give up farming and migrate for remittance and wage labor on adoption
practices/ strategi es? Yes/ No i f yes w

,,,,,,,,,,,,,,

eéeéeéeéeéeccee
If farmers are not able to answer adaptation activitiease tell him/her following activities

(Change in seed sowing , appropriate varieties of wheat:, diversified farming instead of growing
wheat , application of more chemical fertilizers/pesticides to increase the production, use
hybrids/improved crop veeties, willing to leave farming/migrate for remittance, moisture
conservation technigues).

5.5 What type of Storage Technique are you following

5.6 What types of adaptation activities are you implementing from G&R&RIN programme
in wheat crop?

/////////////////////////

,,,,,,,,,,,,

eééeéeéeéeéeé.
5.7 How do you feel that adaptation techniques are better performing in your farm? No/yes
If yes,
If no or partial acceptance mention area of improvements

eeeeeeeeeeecece eeeeeeeeeeee.

5.8 How do you feel that adaptation support increasing fooess#i€iency of your house?
No/yes

I f yes, pl ease said number of month food supp

If no or partial acceptance mention area of improvements



Appendix 2(A): Key Informant survey of climate change for Agrovet, Bardiya
1. General information:

Name: Sex: M/F
Age:  years

Name of AgroVet:

2. Key informant perception on climate change:
2.1 Have you felt about climate change? Yes/No

If yes, whatare the caused climate change

2.2 Have you experienced any change/deviation in whether pattern in this district?
2.3 What type of hazard effelsdve you seen in this district in wheat farming?

2.4 Are farmers purchasing chemical fertilizer from this Agro Vet?
Yes/No

If yes, what are they?

Is it increasing or decreasing?

2.4 Mention wheaa varietyispr ef erred most by farmerdés in thi
2.5 From where are you bringing these seed?

2.6 Is there any failure of rice varieties given by you or any other agro vet?
Yes/No

If Yes which varieties?
2.7 What are the major diseases and pest does therfegport frequently?

2.8 Are farmers purchasing insecticides and pesticides?
Yes/No

If yes, what arehey?

Is it increasing odecreasing?



Appendix 2(B): KIS of climate change for leaderfarmer, Motipur , Bardiya
1. General information:

Name: Sex: M/F

Age:  years
2. Key informant perception on climate change:
2.1 Have you felt about climate change? Yes/No

If yes, what are the causef climate change?

2.2 Have you experienced any change/deviation in weather pattern in this district?
Yes/No

If yes what are they?
2.3 What type of hazard effect have you seen in this district in wheat farming?

2.4 What are the adoption practices/strategies are you fofide cope wit climate change
hazards in whedarming?(Loss of productivity, flooding, disease, pest, drought)

2.5 Are you implementing these practices in yauming?

2.6 Are you getting any support from any organization to cope with climateehaagrd in
wheatfarming?
Yes/No

If yesmention their name and there support programme?



Appendix 2 (C): Key Informant survey of climate change for DADO, Bardiya
1. General information:

Name: Sex: M/F

Age:  years

Occupation: position

2. Key informant perception on climate change:
2.1 Have you felt about climate change? Yes/No

If yes, what are the cause of climate
change?

2.2 Have you experienced any change/deviation in whether pattern in your district? Yes/NO
2.3 Does DADO have prograrmelated to climate change in your district?

If yes what type of prograrfiqAlso specify for wheat farming)

2.4 What type of hazard effect have you seen in this distneheat farming

2.5 What type of adoption activitiegraegies are given by DADO for whefarming toadopt
climate changeampact?

2.6 What t y peeendited fromathisrpeogrés® a

2.7 Are they implementing them in their farming practice?



Appendix 3: Checklist for Focus Group Discussion (FGD

Name of Group/community Participants:----------------- Date of FGD taken------------

Nameof participants-------------------- eéééeAddr ess

Area of wheat farmingotal kattha  ------------------

Q.N1. Do your group feels about the climate change in wheat farming in your locality?
a) Extremely felt  b) Moderate feel c) Fairly feel d) No feel

Q.N 2) Does your community discuss on climate change related issues? Yes( ) No( )

Q.N.3)Whatare the major hazard happened in your locality within 10 yrs? Construct timeline
of economic losses of climateduce hazard.

Types of hazards Loss of land Loss | loss of Others
of people (No)
wheat

(Qnt.)

Year| Heavy wind/ Erratig (kattha)
rainfall/hail/insect /disease

Cultivable | Others

2061

2062

2063

2064

2065

2066

2067

2068

2069

2070

2071




Q.N 4. Pleaseshare effect of hazard and respective adaptation strategies of your group

Hazards Effects

adaptation strategies

implemented

Premonsoon rainfall

More winter rainfall

Erratic monsoon

Prolonged drought

Drought

Land slide / land loss

5. In your opinion, what kind of adaptation related supports are getting from Nepas?
(If other organization supporting adaptation activities please mention)

Support strategy/techniques

Supported by | Suggestions
organizations (Caritas | support
Nepal or other one)

for

future

Climate change awarene
raising training to the group

Early warning system

River/stream control

Integrated nutrien
management

IPM

Safeside construction

Providing climatesupportive
crop varieties

Rehabilitation of
infrastructure

Other farming technique

Crop insurance




Appendix: 4 Correlation between Tmax, Tmin,avg.rainfall with productivity

Tmax Tmin Rainfall | Productivity
Tmax Pearson Correlation 1 663" -.259 .24(
Sig. (2-tailed) .00Q 193 228
N 27 27 27 27
Tmin Pearson Correlation 663" 1 .009 .32
Sig. (2tailed) .00Q .965 102
N 27 27 27 27
Rainfall Pearson Correlation -.259 .009 1 -.455
Sig. (2tailed) 193 .965 .017
N 27 27 27 27
Productivity Pearson Correlation .240 .322 -.455 1
Sig. (2tailed) 228 .102 .017
N 27 27 27 27
**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
Analysis of Variance (ANOVA)
ANOVAP
Model Sum of Square df Mean Square F Sig.
1 Regression 1.582 3 527 3.804 024
Residual 3.1871 23 139
Total 4.769 26

a. Predictors: (Constant), Rainfall, Tmin, Tmax

b. Dependent Variable: productivity



Appendix 5: Model Summary showing ®rrelation between agegender,Khet land, wheat

land and productivity

Std. Error of the

Model R R Square Adjusted R Square Estimate

1 T9R .639 .620 2.45¢

a. Predictors: (Constant), wheatd, Age, gendeKhet land

Analysis of Variance (ANOVA )

Model Sum of Square; df Mean Square F Sig.

1 Regression 800.65] 4 200.163 33.187% .000¢
Residual 452.34¢ 75 6.031
Total 1252.99] 79

a. Predictors: (Constant), wheatd, Age, gendeikhet land
b. Dependent Variabl@roduction



Appendix 6: Rainfall of Rani jharuwa nursery Bardiya

Year | Monsoon | Pre Post Winter annual | annual
Rainfall monsoon | Monsoon | Rainfall rainfall | rainfall
(mm) rainfall Rainfall (mm) (mm) | (mm)
(mm) (mm)
1986 1151.4 153 33.2 73.4| 1411 1411
1987 1001.1 166.2 22.2 459| 1235.4 1235.4
1988 1626.9 40 10 45.6| 17225 1722.5
1989 1388.9 367.5 16.7 113.8| 1886.9 1886.9
1990 1160.4 72.6 47.4 92.4| 1372.8 1372.8
1991 711.5 79.4 2 93| 885.9 885.9
1992 930.9 165.8 61.5 67.5| 1225.7 1225.7
1993 1047.6 15.9 0 28.3| 1091.8 1091.8
1994 475.2 127.2 0 77.8| 680.2 680.2
1995 1495.3 16.1 7.2 142.4| 1661 1661
1996 1254.7 57.8 40.6 103| 1456.1 1456.1
1997 1363.6 106.8 54 154.8| 1679.2 1679.2
1998 1389.1 105 1125 16| 1622.6 1622.6
1999 1173.2 39.7 116 5.9| 1334.8 1334.8
2000 1169.5 189.5 0 50.5| 1409.5 1409.5
2001 1116.2 101.5 22 2| 1241.7 1241.7
2002 976.4 66 28 117.5| 1187.9 1187.9
2003 1106 94 0 115 1315 1315
2004 603.4 41 104.6 28 777 777
2005 974.1 91.8 75.5 104.6| 1246 1246
2006 606.6 75 10 8| 699.6 699.6
2007 1498.8 48 0 76| 1622.8 1622.8
2008 1222.2 7 0 0| 1229.2 1229.2
2009 903.6 58 261.5 0| 1223.1 1223.1
2010 822.5 57 0 49| 9285 928.5
2011 877.9 17 0 64| 958.9 958.9
2012 1785 95.6 10.5 18.5| 1909.6 1909.6
317.574664 73.6965007 57.3557278 45.6182318




Appendix 7. Maximum tem, minimum tem, and average rainfall and of wheat growing

season and productivity of wheat (1982012)

Year Tmax(°c) Tmin(°%) Rainfall(mm) Productivitymt/hac)

1985/86 27.51 11.4 15.18 1.50
1986/87 24.6 12.3 15.26 1.50
1987/88 28.95 11.93 21.98 1.50
1988/89 27.61 11 16.73 1.50
1989/90 28.49 14.3 28.98 1.56
1990/91 27.85 12.3 15.83 1.56
1991/92 27.16 11.05 13.85 1.40
1992/93 27.01 11.61 22.58 141
1993/94 28.03 11.55 12.96 1.52
1994/95 27.61 11.61 24.86 1.64
1995/96 27.63 12.53 19.16 1.53
1996/97 26.83 11.2 14.96 1.66
1997/98 25.6 12.36 32.31 1.68
1998/99 27.81 12.6 6 1.90
1999/00 27.05 11.5 15.76 2.20
2000/01 27.9 11.25 0.66 2.34
2001/02 27.9 11.25 18.5 1.82
2002/03 27.16 11.36 25.16 2.30
2003/04 27.6 12.71 8.83 2.49
2004/05 27.18 12.66 21.26 2.42
2005/06 28.73 11.55 6.8 2.40
2006/07 26.66 15.53 23 2.60
2007/08 28.63 11.7 0 2.76
2008/09 29.63 12.38 1.16 2.18
2009/10 28.5 12.76 5.33 2.15
2010/11 36.8 184 15.66 2.13
2011/12 30.46 17.7 5.91 2.38




Appendix 8: Field Survey RelatedPhotas

Photo 1: Location of CaritaSAFBIN
working area in Bardia

Photos4 and 5: Bcus group discussiat Kalika VDC, Bardia



