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ABSTRACT

A survey research was mducted atPithauli and Rajahar VDCs of Nawalparasi District
CARITASSAFBIN project intervention areas texaminef ar mer 6 s percepti on
measureof vegetable cultivatiounder climate change and vulnerability conteXthis study

used primary and secondary information to examine the studyraiemouseholdurvey,FGD ,

and KIS were the majorprimary data collectionmethod applied in the fieldThis study
administered household survey via usingpretested structured qustionnaire to collect
informationfrom 70 household, 5 FGDs and KlSvia using semstructured quesonnaire with

the respondentsThe time seriesdata on climatic parametersand production and yield of
vegetable was collected from DHM and CB®spectively Data analysis onminimum
temperature maximum temperature, and annual rainfall wet&.65 , 30.50 3 , and 196.89

mm with the deviation in 0.57, 0.44 and 31.9fespectivel. Graph showedupward trend of
minimum temperature and annual rainfdllut negative trendof maximum temperature.
However, noany significant correlation has been obtainddultiple linear regression analysis

on predicting relationship of potato yield (dependent variables) with the explanatory variables
(age of respondents, gender, khet land and bari land) found that potato yield had significant
relationship at 5% level The value 8 (0.071) was also much greater which show good
strength of relation between the dependent variable and independent variaiesdation test
between temperature, yield and area of cultivation also predicted positive correlation (0T:448).
test (t=4.2)statistics was also significant at 1% level. Similarly, minimum temperature on yield
was also positive but estimatedidlue (t=1.5) was not significant at 5% level. Unlike it,
maximum temperature and annual rainfall effect had negative effect on patatoBurbin and
Watson Statistics (=1.56) gave positive autocorrelation effect in the mdédielost all
respondent perceived change in climate in their localRgspondent experienced erratic
rainfall, rise in temperature, decreased monsoon rainfall, easedwinter length increased

frost and dew, increased drought length and frequency associated with decreased in water
source in recent years. Theyso experiencd incidence and occurrence of disease and pest.
Major adaptation practices autonomously followed by the respondents in vegetable cultivation
were use of: Ybrid varieties, IPM measurebjo-pesticidesand drip irri gation, sgpply more
manue in the vegetable fieJdmulching, use of kitchen water and establishing pond for
rainwater harvesting However, people were unaware of what actually happening to their
surrounding.

Keywords: Adaptation Climate changeRainwater harvestingndErraticrainfall

a



CHAPTER 1: INTRODUCTION

1.1Background

Climate change is already being felt and its effects are expected to continue and to increase and
rural communities are increasingly vulnerable to climate induced hazards (Gurung and Bhandari
2008). The Intergovernmental Parmh Climate Change suggests that agricultural sector is
among the most climate sensitive economic a(BSC 2007) Moreover, the smallholder and
subsistence farmers of developing countries (in particular, those farming in the marginal regions)
are the mest vulnerable to livelihood and food insecurity from the effects of climate change
(Stern 2006; Heltberg 200@)limate change adaptation is the major development agenda in
many developing countries like Nepalhere majority of the population depends onmiag. It

is reported that agriculture dependent communities are more affected by the climate change
impact. There is a significant risk that many of the trends will accelerate, leading to extreme
climatic events and to an increasing risk of abrupt ovémsible climatic shifts (IPCC 200ahd

2013). Global climate change can be expected to threaten food production and its supply, for
example through changing patterns of rainfall, increasing incidence of extreme weather and
changing distribution of disease@nd their vectors lfid). Climate change is expected to have
serious environmental, economic, and social impacts on South Asia in particular, where rural
farmers livelihood depend on the use of natural resources (ICIMOD 2009).The region is also
confrorted by issues like poviy, environmental degradatiomatural resources depletion,
shrinking water resources; desertification and climate change (Schid 2008).Climatic variability
in this fragile ecosystem and nature based livelihood system of the romadwaties has further

threatened the livelihood of the local people.

IPCC (2012 listed three key sectarfood and fiber, land degradation and biodiversity as the
most vulnerable to climate change in the South Asian region. The most vulnerable population to
climate change and variability have been rural communities with few resources to cope with
extreme wedtter events like landslides, erosion, and droughlow land regions of Nepal.
Assessing the potential climate change impacts and economic analysis are urgently needed for

the survival of these rurabmmunities.



Due to the fragile ecosystem, which isweensitive to even slight changes in natural climate,
weaker geological situation and complex topography, Nepal is in fourth vulnerable position with
regard to climate change (Maplecroft 2011). Findings from the National Adaptation Program of
Action (NAPA) showed that Nepal is extremely vulnerable to climate change impacts because it
heavily depends on natural resources, particularly water, soils, and forests (MOE 2010). The
situation is made worse by poverty, population pressures, land degradatiomdseoarity, and

deforestation.

Nepal 6s shar e \vunerallityis®25% ofanmuinggeenhouse gd&HG)
emissions (MOE 2009)ut climate change impacts made the country highlgerablebecause

of increasedemperaturen high mountain areathan elsewhere (Shrestha et. al. 1999). Glaciers

and snowfieldswi | | recede and may even disappear,
resources. This will affect irrigation and drinking water supply and hydroelectricity will be less
reliable. In additionyeceding glaciers often leave behind growing glacier lakes that can break
through terminal morags causing catastrophic floodslobal climate change will also likely
shift monsoon precipitation patterns uran ways
practices, infrastructure, bigiversity, especially in mountain regions where migration of species

is physically restricted (Regmi et al. 2009). In order to improve the ability of communities and
households to adjust to ongoing and future climategbhawe need improved understanding of

the risk they are facing. Estimating possible future adaptation is essential to climate change
impact and vulnerability assessment. Therefore, assessing the perception on climate change and

its impacts on livelihoodra urgently needed for the survival of these rural communities.

1.2 Statement of problem

Climate change is threatening the traditional way of agriculture, and so the creation of a
sustainable agricultural approach to counter the impact of climate cleasgbeen a main
priority for the country (Malla 2008). The main challenge for cultivating sustainable agricultural
development in Nepal is to turn subsistence farming into commercial farming as well as adapting
to the new patterns of farming as a resulinmireasing temperatures. The overexploitation of

natural resources has created a significant problem in sustainable agriculture and helped to



increase the negative effect of climate change on agriculture and life. Most of the agricultural

land, n both Teai andhilly region depend on seasonal rain for gireper crop growth ilNepal

However, as weather patterrhave been changing, farmers have had a dilemma.- Over
exploitation of natural resources resulted in an environmental degradation which is deeply
connected with permanent loss, depletion or pollution of natural resources, adverse weather
conditions, changig microclimates and unbalanced situations which affect theenhehain

within the ecosystemAn averaye temperature rise of 0.06 pent has been recorded in the
country. This rise has shown the multidimensional impact of climate change on agriculture.
Frequent drought and prolonged rains as well as many fatal floods and landslides are some of the
major obstacles being experienced in Nepal in agricultural as well as other sectors of social life.
A study conducted by the Nepal Agricultural Research CGo(IHARC) showed that the change

in temperature has had a positive effect on the yield of rice and wheat in all regions but also
showed a negative impact on the yield of maize, particularly in the plains land of Nepal,
ot her wi se known a st (Mdlla p2a08)disere bvasenm doriorbstudids and
documentation on vegetabladtivation. In thesame issue SAFBINaritas, Nepal was working

under he study areal herefore taacquainthe perception of farmers towards climate change and

adaptation measuwséhis research was conducted.

Changes in weather patterns, sumh unseasonal heavy rains, stahes, floods etc. have
frequently caused serious damage to créfising annual temperatures, a delayed monsoon
season, prolonged or increased anmuainfall as the result of g@al melting, and intense

rainfall have all affected many rafied communities in Nepal. Extreme climatic conditions
increase vulnerabiy to erosion, landslides, alaches, flooding, loss of flora and fauna and
decreased agricultar production(Nepal and Chipeniuk 2005). Global climate change has
caused a change in seasons and rainfall intensity and patterns. These changes will have both a
direct and an indirect impact on forests and biodiversity, health, infrastructure development
tourism, livelihoods, water resources, agriculture and the whole ecological chain. The MOE 2014
states fANepal is also highly affected by <cli
necessity to access and document the effects of climate chawigiérent ecological regions

and different farming systems as well as to find out the adaptation strategies followed by farmers



which should lead to formulation of policies to mitigate negative impacts of climate change. This
knowledge will help m implementing relevant prograsnto minimize the existing effects and

likely impacts in different ecological regions. Indeed, Nepal has to throw all its weight towards
finding measures of adaptation in order to reduce the impact of the uncertainties of climate
change in an overall way with a focus on agricultural production, crop calendar, water use
pattern, agronomical practices, outbreak of insect pest and climate induced disaster to ensure

food security.

1.3 Objectives

The general objective of this studsasto assess the perception and impactsiofate change on
vegetablecrops and food security of the mmunities in the study districFollowing are the

specific objetives:

i) Measuing community perceptions on climate changfevegetabledy usingbefore

and aftemethod

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

project level interventions and coordination

i) Estimatingrelationship of climatic and soceconomic factors affecting on yield of

vegetable crops

1.4 Rationale of study

After conduction of the survey, gathering of information and its analysis will give a bird eye
view of current situation of impact of climate change in agriculture as well as response of
farmers towards change in climate. The stabdgwedhow farmers respomd towards climate
change and thautonomousnethods thewerepracticed The documentation of these findings
and their elaboration in national context give a wayfor the problems farmers are facing and
will help in national policy formulationThis is considered apioneering work on collecting

information onperception measurements on climate change effect.



Second rationale is there is eye of Nepalese government and its allied agencies. It will be the
reference for these concerned agendiége. majo implication of this study will be the guidance

for formulation of climate responsive development programmat will help to enhance
production and productivity in adverse conditions to ensure food security. The finding of this

study will also help reseehers, academicians and praogecs for future studies.

Climate change is the most critical global challenge of this century. Effect of climate change
encompasses all the vital system supporting world populations. Human health, agriculture,
forest, water esources and biodiversity will suffer at different scales depending on local
conditions. If the increase in temperature exceeds by 1.5 f€,28ere will be the risk of

extinction of plant andramal species by 280% (IPCC2007).

Vegetables are the bestsource for overcoming micronutrient and deficiencies and provide
small holder farmers with high income and jobs petdres than staple crops ( AVRIXDO06 ).

The world production of vegetables has doubled over the past century and value of global trade
in vegetable now exceeds than cerelalsAsia vegetable production grew at an annual average
rate of 3.14 % in the 1980s and early 1990s from 144 million mt in 1980 to 218 million mt in
1993 (Ali 2009) Among vegetabk tomatoes are most important heouttural crops worldvide

and grown over 4 million haf land area ( FAQ006 andBrown etal. 2005 ) .

Studies on perception, local knowledge, and adaptive strategies at the household levels as well as
lesson learned, can provide the basic conceptattiods of assessing climate change impact,
vulnerability and adaptation on livelihood of local people. This research seeks to investigate
impact of climate change on agriculture and adaptation activities carried out by local people.
Based on the case afdal people oPithauli andRajaharVDC, this report intends to capture the
extent of | ocal peopl esd awareness and percep
adaptation they had made in farming practices in response to the change in dlinsattudy

elaborates the more attention of the researchers, governmental offices and different other related

organizations to degin and implement suitable ageaological projects and programs.



CHAPTER 2: REVIEW OF LITERATURE

This chapter deals review of the past work done on different aspects of production affected by
the climate changén agriculture and vegetable cropsside and outside of country that are

relevant to this study.

2.1 Climatechange and global warming

United Nations Framework Convention on Climate Change (UNFCCC 2002) defines "climate
change" as "a change of climate which is attributed directly or indirectly to human activity that
alters the composition of the global atmosphere”. United Nations frameworke@amns on
Climate Change (UNFCCQO001) defines climate change aa change of climate which is
attributed directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate varigibiibserved ovecomparable

time period Bhusal2009 pg 3). Climate change refers to a statistically significant variation in
either the mean state of the climate or in its variability which may be due to natural internal
processes or external force, or to persistent anthropogenic changes in the composition of the
atmosphere or in land use" (IPCC 2006 ).

Global temperature is increasing by%3o 0.6C since the last fcentury and by 0°%Zto 0.3
9C over the last 40 yeard960 2000) (Xiaodong & Baod€000) with indication of more

increase in the global tempgure in coming days making earths sustainability more vulnerable.

Referring to IPCC report there has been an unprecedented warming trend durirlydbetacy.

The current average global surface temperature of 15°C is nearly 0.6°C higher thanGDwas 1
years agomost of the increase has been the consequence of human activity. A further increase
of 1.56.0°C is projected for the period to 2100. Forth Assessment Report of (B@Q)
concluded that "most of the observed increase in globally averaged temperatures since the mid
20th century is very likely due to the observed increase in anthropogenic greenhouse gas
concentrations”. The average atmospheric;c €C@hcentration has increasérom 280 ppm in

1850 to 365 ppm at present, and could exceed 700 ppm by the end of the present century if

emissions continue to rise at current rates (IPCC 2007).



Scientists predictedthrough the global climate models that the average global surface
temperature increase from 1.4°C to 5.8°C due to presumed doublingafd@@entration in the
atmosphere by the end of the®2&ntury. In tle northern hemisphere, precipitation has increased
by 0.5% to 1.0% per decade whereas the increase in tropicaliesuras been 0.2% to 0.3% per
decade. The trendf last century has been uneven, but in the period since 1976 the warming

trend is roughly three times that of the past 100 years as a whole (WMO 2004 ).

The increases in average global temperatbesmgesn cloud cover and precipitation particularly

over land; melting of ice caps and glaciers and reduced snow cover; and increases in ocean
temperatures and ocean acidiye to seawater absorbing heat and carbon dioxide from the
atmosphere (UNFCCQO007) cledy indicates the changing trend in climate. Over the last
century, atmospheric concentrations of carbon dioxide increased fromiradpsérial value of

278 to 379 ppm in 2005, and the average global temperature rose by 0.Wgtl)Gvbich
supports the fat the global increase in the temperature is mainly due to the excess emission of

CO; from human induced sources.

The scenario of the global change impacts in the fragile mountains of Nepal and around is
greater, the major impacts and threats of glokainving are widespread. As a result of global
warming, the type, frequency and intensity of extreme events, floods, droughts and heavy
precipitation events, are expected to rise even with relatively small average temperature
increases. Changes in some typéextreme events have already been observed, for example,
increases in the frequency and intensity of heat waves and heavy precipitation evente{Meehl
al. 2005) and such events bring more risk to the people living near to riverside or the marginal

community.

2.2 Nepal and climate change vulnerability

Nepal demonstrates diverse gawoysical and climatic conditions within relatively small areas
resulting vast biological diversity, therefore, it is an ideal place to study climate change impacts
on natural and socioeconomic spheres. In context of Nepal, a few studies have been carried out
on vulnerability and risk assessment of natural hazards. Some of them are (Chhetri & Bhattarai
2002, Dhital, Khanal & Thapa 1993 Dixit 2003, ICIMOD 2002 Khanal, 1999 & Mool,



BajracharyaandJoshi2001l). Howeveymost of them are based on available information of the
past without or in only some extent to climate change and potential future risk of climate change

related disasters.

Although Nepal is responsmifor only about 0.025% of total annual greenhouseegaissions

of the world (Karki2007). It is experiencing the increasing trends and the associated effects of
global warming. IPCC (2006) reports an increase in mean surface temperature in the range of
0.3°C to 0.8C over the past 100 years in tropical Asia including Nepal. However, (She¢stha

1999) reported the temperature increase of%C.a® 0.12C per year in most of the middle
mountain and Himalayan regions, while the Siwalik and Terai reglbo®s warming trends of

less than 0.0 /year from 19741994,

Nepal's National Assessment Report for the World Summit on Sustainable Development (2002)
recognizes the links between climatic circumstances and land degradation, erosion and
landslides: "ina nutshell, too much water and too little water is responsible for land degradation

in different land uses in Nepal." It also recognizes the increase in landslide risks due to the
effects of paddy cultivation and livestock grazing in the hills and mowntbilowever, the fact

that climate change might increase those risks is not discussed, and adaptation to climate change

is not mentioned anywhere.

2.3 Impact of climate change in Nepal

The climate is changing in Nepal, like elsewhere in the world. Climate variability is natural.
However, the current change is not natural, but due to human activities. The average temperature
and the rainfall pattern have changed, which is not variatifigyt, is to say, it is not natural but
induced by human activities. IPCC has confirmed global climate change, including in Nepal, and
Nepal's reports cited above corroborate climate change in Nepal. Climate change impacts every
aspect of nature and humafe] and is predicted to continue. This section will highlight the
impact of climate change in Nepal on: a) glaciers aader resources, b) agriculture, c)
biodiverisity and natural resources, and wateluced disastergslacieris amuch highlighted

sulject when discussing the impact of climate change in N&uahparedo other aspects,
several studies have been carwed onglaciers inNepal.Glacier AX010 in Shorong Himal



retreatedby 30m between1978 and 1989 (Fujita et al. 2001 ), and most of the glaciers
in Khumbu region retreatedby 30 to 60 m between 1970 and 1989 (Yamada et al.,
1992). Glacial Lake Outburst Flood (GLOF) is the most likely and serioushazard
because of the increasing size and number of glacial lakes following a glacier
melt. Nepal experienceddisastersfrom GLOFs in 1985: from Dig Cho Glacial Lake,
whichwashed away Namche HydropowerPlant, several hectares of cultivated land,
bridgesand houss, and caused human and livestockdeathgWWF 2005).In additionto
formation and outburst @flacier lakes, there are evidences of disastravalanchesnd

icefalls,which could be associateavith increasingemperatures.

A massiveice fall in August 2003 blocked the Madi river in Kaski district at its source
for several hours, damagedagricultural lands and crops, and killed livestock.The climate
change has impact on both quality and quantitwater resourceslhedischarge®f snowfed

rivers have fluctuated in the past. The analysis of the dischargeof the Koshi river in

eastern Nepal during 1947 1994 showed a decreasingtrend during low flow season
(Sharma et al., 2000), whereasthe discharge of the Kali Gandaki river in western
Nepal increasedby about 1% annually during 19642000 (Shrestha 2004).The discharge
of glacierfed rivers is projected to increasefor some time in the future, as glaciers
melt and subsequentlydecreaseafter the snow and glacier become smaller and smaller
(Ibid). Theincreaseandsubsequerdecrease willhave seriousimpact on hydropower plants,
groundwater recharge and agriaulture in downstream areasfogether with disturbingthe

local hydrology and aquatic life.

The decreasein reservoir water volume in some hydroelectric power stations in Nepal
might have been a result of the observedchangs in the precipitation behavior which
resultedin less net water percolation and storagein the ground. Less water is reaching
groundwater reservoirs due to erratic rainfall and increasein evaporation despite the
increag in total annualprecipitation. The water springs in the mid-hills of Nepal have
beendrying up in the recent past.GoN publicly announceda 45% decreasein spring
flows, which arethe sourcef drinking waterfor Kathmanduwvalley.Theintensivemonsoordoe

snotprovideadequateecharge to ground water reservqirdespite high total precipitath as



most of the precipitatigrieaves the site throughrgace runoff. On the other hanthe decrease

in precipitation during the dryesson has an adverse impact on groundwater recharge.
2.4 Effect of climate change on Nepalese agriculture

The agriculture sector contributes GbBamd|l y 33¢
supports the livelihoods of more than 86% of the populdt@BS, 2007). Most of the Nepalese
population depends on agriculture for its livelihood, which is based on a rich diversity of species.

Of the more than 6,000 vascular plant species found in Nepal, about 550 species and subspecies
have food value andome 0 are cultivated (MoFSQ002). The diversity of livestock (both

improved and indigenous breeds) also plays a major role in contributing to thbengll of

rural communities. The diversity can be illustrated even for staple cereal crops where intdifferen
production zones and conditions rice, wheat, barley, maize, finger millet and buckwheat are all
important grain staples.

The GCM projections indicate a potential increase in temperature over NepalohThwith a
multimodal mean of 1.4 °C by th@®20s, rising to 346.3 °C with a multimodal mean of 4.7 °C,

by the 2090sFor precipitation GCMs project a wide range of changes, especially in monsoon:
14 to 40 % byhe 2030s increasing2 to +1386 by the 2090s (NCVSZ2009). This projection
suggestsh a t Nepal 6s agriculture wild.l face many c
climate related variability. Existing problems such as soil degradation and increasingly limited
water resources are likely to be exacerbated by climate change, increasiiffithéy of
achieving food security for the growing population. The recently observed extreme severe
weather events between 2008 including droughts and floods have significantly affected food
production in Nepal (WFP 2009). In addition, it has besggssted that warming of more than
2.5°C could reduce global food supplies and contribute to higher food prices (EdNEP
UNFCCC 2002).

It is likely that climate change and increasing variability will have both negative and positive
impacts on the sulstence farming systems in different production systems. However, the
combined effects of increasing €Qevels, rising temperatures and changing moisture

availability are likely to be complex and are still largely uncertain.
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An analysis done by the NepAafbriculture Research Council (Gauta2008) using simulation
models for major crops such as rice, wheat and maize suggested that rice yields might increase
under elevated C£and 4°C increase in the Terai (3.4%), hills (17.9%) and mountains (36.1%).
Similady, wheat production might increase by 41.5% in the Terai, 24.4% in the hills and 21.2%

in the mountains under elevated CO 2, but there would be a significant decrease in production
with a 4°C rise. Maize yields were expected to increase in the hills andtains, but decreased

in the Terai with 4C rise(Malla 2008andGautam2008).

Many farmers repoed positive effects from climate change. Farmers of the Mustang and
Manang districts have noticed improved apple size in recent years. Other farmeteaie a
grow cauliflower, cabbage, chili, tomato and cucumber, which used to require greenhouses in
order to survive. Local fruits have better sizes and tastes (Dahal 2005). Similarly, a farmer in the
Murza VDC in Myagdi reported that the rice cultivatisras becoming possible in higher
elevation(1,800 m to 2,400 m (DahaD06).

A number of negative effects of major concern to farmers have also been described. Over the
past three years, the delay in monsoon season experienced in Nepal has changegiftite cro
pattern and crop maturity period. It has delayed the planting and harvesting season by a month,
which has in turn affected rotation practices. The delay in monsoon season has also made
thousands of hectares of farm land fallow and reduced produditi®rio lack of water (Regmi

and Adhikary 2007). A drought in the Eastern region of Nepal decreased the rice production by
30% in 2006 and heavy flooding in tMid-Western andrar-Western region in 2006 and 2008
destroyed crops in many places (Paugtehl. 2008). Therevas also evidence that the vector
borne diseases in livestogkereincreasing, forcing the livestock population to move to higher
altitudes (Practical Action 2008).

Some farming communities from Bardiya and Kanchanpur districts havedd¢fe loss of local
landraces to climate change. They state that local landraces require a longer rainy season and that
in the past 15 years the duration of rainfall has decreased. These local landraces have been
replaced by short duration modern vagastiFarmers have also described effects on beekeeping

and an increase in insect and pest numbers.
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The increased unpredictability and intensity of weather events and hazards have been described
by farmers as causing significant disruption to 4faith agrculture, contributing to the loss of

local landraces of crops change in timing of fruit tree and coffee flowering, a decline local grass
species and reduced size of some fodder trees. Livestock humbers have declined in some areas
and this has negativelyfatted the diet of the population (Reganial.2009).

Agriculture, the mainstay of over 80% of the Nepalesepopulation (CBS 2001) has been
affected by both warming and uncertainty of monsoon.The increasein temperaturehas
both negative and positive impact on agriculture. As the climate warms, farmers living

in high altitudes, such as Jumla district (2700 masl), can now grow two crops, rice and
barleyin a year. There is also potential for bringing new land under cultivation in
higher elevations. The warming in higher elevations has also created climate conducive
to increasingcrop intensity. However, thinning snow deposition and retreating snowline
have aw&kened the farmers to thethreat of future water scarcity in the region. The
prospectsof bringing new land under cultivation by clearing the vegetation have also
threatenedbiodiversity conservationin high altitude areas through habitat destruction,
degradation,fragmentation and loss. Important habitats will be displaced by croplands.
The relationship between crop yield and climate change has yet to be investigated.
However, it is worth noting that statistical models predict increasein the yields of Ca
crops and decreasein the yields of Csz crops with increase in atmospheric CO,

concentrationthrough potentialcarbonfertilization effectandwarming.

Out of the 2.64 million hectares(ha) of cultivated land in Nepal, only 43% has access
to irrigation facilities, of which only 70%, 20% and 10% get irrigation water in
monsoon, winter and spring seasons respectively (ADB 2004).Theremaining land
completely dependson natural precipitation. The crop yield has strong relationship with
the amount of precipitation at the right time. The yields of wheat and rice in Kaski
district declined over three conscutive years, 2003 to 2005, becauseof decreasein
precipitation (Regmi and Adhikari 2007).But excessiveainfall causesloodsand
affectscropyieldsadverselyGhartiChhetri2005).
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The changed intensity and amount of momsoains pogively correlate with the increase in
water induced disasters like floods and landslides (Ministry of Home, quoted in DWIDP 2006).
Extreme precipitation events account for increase in haz&m#ugust 2627, 2006, a heavy
downpourexceeding 300 mm withitwerty-four hours induced massive flooding in Nepalgunj,
costing millions of rupees in relief and rescued activities (SOHAM 2006). As the wet season is
becoming wetter, water quality is likely to worsen. Human health will be affected adversely in
the dryseason because of lack of water for sanitation as the dry season becomes drier, where as
there is already lack of water for sanitation (Erickson 2006). A plant disease \V@ittos,
Psylla, has been recorded above its normal habitat range, which i/ umlalv 1000 masl.
Althoughthevectormight havedevelopethewgeneticcharacteristicsfocold tolerancewarning

in higher altitude could be strong factor. This has increased the probabilitycofrenceof

vector borne plant diseases in higher ecalmigzones, which were once free of such disease.
2.5 Climate change and vegetable production

Global production of common and traditional vegetables is steadily increasing, and traditional
vegetables in particular are attracting the attention of farmesgarcher, policy makers and
public. However it is unfortunate that national government and international donors are not yet
showing sufficient investment in research and development that this field of horticulture warrants
if the UN Sustainabl®evelopmehGoals are to be achieved in the foreseeable future (Keatinge

et al. 2011 UN Sustainable Development Solution Network 20fL8hildren, nursing mothers,

the elderly, teenage girls, the sick, handicapped and other specifically vulnerable groups are
moreoften prone to malnutrition in society, then AVRDC in particular has the duty to ask how
our research and development can be specifically tailored to seek quick and sufficient redress of
the imposed dietary constraints. We have to give serious thoudi# isstie that development is
appropriate for all people and not just for rich farmers with large land areas of cereals. All these
issues must be reflected in future research and development activities and the work of AVRDC
must aim to manage the uncertaatof climate change, rapidly mutating pathogens and viruses,
the emergence of new insect challenges and how to cope with these without imposing negative
environmental consequencédany factors currently constrain vegetable production, including

climatechange and extreme climatic events, ever present pests and diseases and adverse policies
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towards horticultureAbiotic stresses may have an increasingly potent effect on vegetable crops,
as they are often vulnerable to extreme events of wind and rai@falbal vegetable such as
tomato is quite sensitive to heat damage, water logging, drought and increasing salinity through
their individual or combined effects on flowering and fruit setting. Increasing trends in abiotic
stresses imposed on horticulturabgs may be inferred to be increasing rapidly in East Asia
(Keatinge etal. 2012).

Vegetables are generally sensitive to environmental extremes, and thus high temperatures and
limited soil moisture are the major causes of low yields in the tropics andosvifurther
magnified by climate changeEnvironmental stress is the primary cause of crop losses
worldwide, reducing average yields for most major crops by more than 50% (BoyerBta§2

et al 2000). Climatic changes will influence the severityeoivironmental stress imposed on
vegetable crops. Moreover, increasing temperatures, reduced irrigation water availability,
flooding, and salinity will be major limiting factors in sustaining and increasing vegetable
productivity. Extreme climatic conditienwill also negatively impact soil fertility and increase

soil erosion. Thus, additional fertilizer application or improved nutirset efficiency of crops

will be needed to maintain productivity or harness the potential for enhanced crop growth due to
increased atmospheric @OThe response of plants to environmental stresses depends on the
plant developmental stage and the lengthl aeverity of the stress (Brag002). High
temperature limits the range and production of many crops. High temperaturesaussen
significant losses in tomato productivity due to reduced fruit set, and smaller and lower quality
fruits (Stevensand Rudich 1978). Unpredictable drought is the single most important factor
affecting world food security and the catalyst of the gfeatines of the past (CGIAR 2003).
Water availability is expected to be highly sensitive to climate change and severe water stress
conditions will affect crop productivity, particularly that of vegetables. In combination with
elevated temperatures, decraehsprecipitation could cause reduction of irrigation water
availability and increase in evapotranspiration, leading to severe crop-stra&s conditions
(IPCC 2001). Vegetables, being succulent products by definition, generally consist of greater
than 90%water (AVRDC 1990). Thus, water greatly influences the yield and quality of
vegetables; drought conditions drasticakyluce vegetable productivity.egetable production

occurs in both dry and wet seasons in the tropics. However, production is oftieadl ldaring
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the rainy season due to excessive moisture brought about by heavy rain. Most vegetables are
highly sensitive to flooding and genetic variation with respect to this character is limited,
particularly in tomato. In general, damage to vegetableobging is due to the reduction of
oxygen in the root zone which inhibits aerobic processes. Flooded tomato plants accumulate

endogenous ethylene that causes damage to the plants (Drew 1979).

Potential impacts of climate change on agricultural prodaatidl depend not only on climate

per se but also on the internal dynamics of agricultural systems, including their ability to adapt

to the changes (FAO 200Farmers in developing countries of the tropics need tools to adapt
and mitigate the adverse efts of climate change on agricultural productivity, and particularly

on vegetable production, quality and yield. Current, and new, technologies being developed
through plant stress physiology research can potentially contribute to mitigate threats from
climate change on vegetable production. However, farmers in developing countries are usually
smaltholders, have fewer options and must rely heavily on resources available in their farms or
within their communities. Thus, technologies that are simple, affibed and accessible must be

used to increase the resilience of farmslaas developed countries. AVRDThe World
Vegetable Center has been working to address the effect of environmental stress on vegetable
production. Germplasm of the major vegetablepsravhich are tolerant of high temperatures,
flooding and drought has been identified and advanced breeding lines are being developed.
Efforts are also underway to identify nitrogese efficient germplasm. The quality and
efficiency of water management denine the yield and quality of vegetable products. There are
several methods of applying irrigation water and the choice depends on the crop, water supply,
soil characteristics and topography. Application of irrigation water could be through overhead,
suiface, drip, or sudirrigation systems. Various crop management practices such as mulching
and the use of shelters and raised beds help to conserve soil moisture, prevent soil degradation,
and protect vegetables from heavy rains, high temperatures, adoh@o®he use of organic and
inorganic mulches is common in higlalue vegetable production systems. Vegetables generally
are unable to tolerate excessive soil moisture. Tomatoes in particular are considered to be one of

the vegetable crops most sensitiveexcess water.
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2.6 Climate Change in Nawalparasi district

Nawalparas{ 2 7 A4 06 00 6 6 Farmoers oo frablifohab aydclltural patterns, relying
on rainwater and seasori®emperature has increased from the last 10 y&&es.annual mean
temperature trendlas0.02 to 0.08° C in western over national tre@d4 to 0.06° CSimilarly,
rainfall has decreased from the past four yeBing annual mean precipitation trewds-30 to

40 mm in the western over national tred@to 40 mm(Practical Action2009).

Loss and Damage in Nawalparasi Districtby Flood and Landslides over the past&@rs

Year | 2060 | 2061 | 2062 |2063 |2064 |2065 |2066 |2067 |2068 |2069
B.S,20| B.S,20| B.S,20| B.S,20| B.S,20 B.S,20| B.S,20| B.S,20

B.S,2| 04/05 | 05/06 | 06/07 | 07/08 | 08/09 | B.S5,20| 10/11 | 11/201| 12/13
003/0| A.D A.D A.D A.D A.D 09/10 2AD |AD
4 AD A.D

Land | - - - 2144 | - - - 50 - -

loss

Unit | - - - Bihga | - - - Bigha | - -

Source: Disaster Management Section, Ministry of Home Aftaind3
2.7 Institutional activities on adaptation practices at local level

Adaptation to climate change is a complex, multidimensional, andiszdte process (Bryant
etal. 2000; Bryan and Behrm&013). Impact of climate change is an immerging issue and
different government and negovernment institutions have initiated the climate change
adaptation programs and practicBistional Adaptation Program @fction to Climate Change
(NAPA) Nepal highlighted the adaptation practices and adaptation framewankn&tona to

local level (MOE2010). focused the interdisciplinary approach to implement the program and
80% fund is to be llcated to the local level (MOBO11). In the LAPA framework, District
Development Committels the main government institution to implerhadaptation program by

coordinating different government and rgovernment line agencies at the local level.
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CHAPTER 3: RESEARCH METHODOLOGY
3.1Study site

Two VDCs namelyRajahar and Pithauli of Nawalparasi district were the study sitdawalparasi
District is located in the Lumbini Zone in the Western Development RegioiNepfal
(27A40060006 06 Its ebevaBos arigdsdrdnb9a it jo 1936 Ecologically, it lies in the
Terai region bordering Palpa and Tanahdistrict in the north, ChitwanTanahunand Bihar
(India) in the eastChitwan and Bihar (India) in the south and Rupandehi and Palpa in the west.
Pithauli VDC is located in 27.65°N and 84.16°E aRdjaharis located in 27.74°N and 84.24°E
(DDC Nawalparask013.
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Fig 1. Map of study site (Department of Survey)
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Table 1: Household, population and area of Nawalparasi district/Study site

District/VDC | Household| Total population | Male Female | Total area( sgq.km)

Nawalparasi| 128,793 643,508 303,675| 339,893 2132
Pihauli VDC 1,851 8,201 3,733 4,468 15.1
RajaharVDC 2,426 11,119 5,108 6,001 37.6

Source: CBS2012

The logic of selecting these s#evere:

These were SAFBIN/Caritas areas where adaptive typeknadte change agnidtural research
was continuingsee photo in append®0). The research project was continuing vegetable trials
particularly on potatoand offseason vegetablélso research project was continuing trials in
rice and wheatThese eeas were considered &snous forrain-fed farming. Also the ikes were
proximate to stations dbdepartment of Hydrological anileteorology so that thesdane series

data of emperature and precipitaticould represent the real effect on vegetable fagmin

3.2 Types of data usand data collection technique
Study used primary and secondary data. The primary data were taken by using household survey,

focus group discussion and key informant surigse ofprimary datavas mainly for perception
analysis ly usingbefore and after approaciMeaning that perception analysis was meashyed
recalling the effects of climatic factors before ten years and today (this year).

Secondary informatiorand data werecollected from Central Bureau of Statistics, Digtric
Agriculture Development OfficeNawalparas Departmentof Hydrdogy and Meteorology
Babarmahaland past reports of Carit&AFBIN project Study collected wenty-year (1991
2010) data on potato yield, predgtion and temperature dat&#Veb search wasonducted to
download jast researches, proceedingtjer published andnpublished research material

the otherorganizations.
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3.3Primary data collection, sample size, sampling procedure

The researcher made a list on househwoidslved in vegetabl@roduction at SAFBIN/Caritas

Nepal working VDC.Study used purposive sampling technique in order to identify how those
respondents have perceived climate change parameters impacts in the research project site. In
order to ask question to the respondergsearcher prepared a set of questionnaire with the help

of research advisor and SAFBIBIARITAS team(see appendix 1)These questionnaires (open

or closeended) were administered for gesting atby interviewing four respondents near the
samestudy sie with the nonrespondentsThen these questionnaires were finalized for HH
survey.The primary data were taken by using household survey, focus group discussion and key
informant survey.

Household surveywas conductedor selected 70 household as samgilee: 35 fromPithauli

VDC and 35 fromRajahar VDC (Seephotograph from appendit0). Household survey of
seventy household was conducted with the experienced farmer who had done farming for at least
10 years selected

Focusgroup discussionwas conductedvith the respondents &fDCs with the help of semi
structured checklistsee appendix)2FGD was done to make our survey more effective and for
good results,and result triangulation process in comparison to HH survey metindly
conductedhree FGD in Pithauli VDC at ward no. Zand two FGDsn RajaharVDCs at ward
no.9 Also (see photo in appendiX)

Key informant survey was done to know about the area and to confirm about the changing
climate whether it was actually happening or not. For kégrmant survey, officers from
different government organizations like DADO, DFO and DDC, agro vets owners, leader
farmers, and staff of Caritas Nepal working district, and JT/JTA of ASC.

3.5Techniquesof data tabulation and analysis

Once primary and seadary data collection process finished, data were cleaned and tabulated in
Microsoft Excel 2007These d& were also tabulated in Statisti®hckage of Social Science
(SPSS)datasheetThe researcher used to data coding system for easingadalgis. For
example:respondent'sesponse of temperature increadecreaseno changeor do not know

were coded by 12, 3, and 4,respediely and each code were explainedlabel and value

column under variable view of SPSS datasheet.

Then, 'analyze' dpn of SPSS Version 16 wasisedfor analyzing frequencgounting, average,

mean, standard deviation, percentage €he descriptive statistics were used to describe the
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respond e-econsmic chacactersosuch as sex, age, land holdingtetcrelatonship of
socioeconomic factors on overall yield or relationshiglohatic factors on yield was tested by

using ttest, ftest, chisquared test, and correlation as well as regression functions.

Empirical regression model and its quantitative analysis technique: Secondary datance
collected were analysis by using correlation and regressimtatisticsregression analysis a
statistical process for estimating the relationships among variables. It includes many techniques
for modeling and analyzing several variables, when the focus is on the relationship between a
dependent and one or more independent variables. Regremsabysis is widely used for
prediction and forecasting. It is also used to understand which among the independent variables

are related to the dependent variable, and to explore the forms of these relationships.

Monthly temperature and monthly rainfalitd of neeby station for the periods of 2@ears
(19912010 AD) for Nawalparasidistrict collected fom Department of Hydrology and
Meteorologywere taken as independent variables. Researchers considered all vegetable growing
seasons and average of tenapere and rainfall data of that period was taken into account.
Vegetable yield of the same period was assumed as annual yield of the district Nawalparasi.
Thus, dependent variable was considered for vegetable yield and its independent variables were

climatic (temperature) and neslimatic (area of cultivation).
The linear trend between the time series datat(yne (t) is given in the equation below:

Predictons of the yield changes witblimatic variables, from regression models based on
historical clmatic and yield data for specific crops are relatively accurate

DY=b +b DR +b DT +b DT
0 1 2 max 3 {1011 ¢ ittt (1)

th
Where,DY is change in yield olvegetable yeat b0 is the constant term.
b1 b2 andb3 are coefficient of respective climate variablamfall (R), maximum temp &

minimumtemp respectively Classical regression model (CRM) of the abquestion can be

write asiYit=a+ b, X, + b, X, + b X, +....... + U, ----memmeeee- £2)
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where, y=yield at year t, Xi = independent variableemperaturgX1), Xz (rainfall), X3 (area
of cultivationy t = t i m@® (aypodaafr)e tihand stoperceefficenttstanated by
the principle ofordinaryleast squar€OLS) estimatof{Guijrati, Pater and Gunasekar 2013).

Testing level of significancewas applied for hypothesis testing by usiAgst and fest, R
squaredest and respective probabilifp)-value. The null hypothesis ¢H of no change in any
effect of individual coefficientgby t-test), no "goodness of fit" of the model (by usiAgdt and

R?) were tested. A(n-1) degree of freedonfdf). If calculated value of,tf exceeds ft.os
(tabulated value of t at 5% level of significance arll ¢hf.), we say that the difference Wween

mean of sample and mean of parent population is significant at 5% level, if it excedtie t
difference is said to be significant at 1% lev@hi-square(X?) testwas tested to measure the
normality of the model. Also, measuring relationship afious responses are also tested by
using X? test. This test of significance is applied only to frequencies from expected frequencies
and is defined as follows:

If X°=0, observed and theoretical frequencies agree exactly. The larger the valdehef
greater is the discrepancy between observed apected frequencies.

If the calculated value exceeds the tabulated value 5% level only then we infer a significant
difference between the observed and expected frequencies. 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, aveegaial maximum

temperatureaverage annual minimum temperature andrage annual rainfall

21



CHAPTER 4: RESULT AND DISCUSSION

4.1 Socialeconomiccharacteristics of respondents

Among the 70 househoklrveyed inPithauli andRajaharVDC of Nawalparasi district/8.5%

werefemale and 22.5% male.Almost all respondents were farmers having ageatfove 60

yeas (3%), between 3®0 years (81%), and below 30 year (16%). Out of 70 HHs, 32.8% were
Brahmin 1.4 % wasKshetri 1.4 % wadalit, 62.4 % werelanajatisincluding Thanet Mahatq
Panjyar and Khajawar. Analysis of data in appendix 1 table, landholding of respondent

categorized into three ordinal scale: small holders (< 0.5 ha), medium holdefs {&)5and

large holders (>1 ha). As per categories made, 60 % of farmers were small farmers, 32.8 % were
medium farmers and 7.2 % were large ldradders (see table in appendix 4

4.2 Perception of climate change analysis

4.2.1 Perceptionof respondents onlimate change

The figure2 depicts perception of respondent about climate change. About 81.4% respondent
answered their feelings as 'yes' on question of felt climate change in their locality. However,
as 'donot know' about

18. 6% answered
climate change Answering 'yes' by majority would be the cause ddtment with the climate
changeadaptation programun under SAFBIN project from where beneficiaries are taking

training, getting climate smart technologies: varietigal plot support ,andraining.
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Fig 2: Perception about (Felt) Climate Change
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4.2.2 Perception of cause alimate change

As depicted in fig3, 77.00% of respondent perceived cause of climate change was human
activities and 19% of farmer respon@byi% dondot
said that it was naturaAbout 3.00% farmers responded cause of climate change was both
human activities and naturdt. was observed that most of farmers perceived cause of climate
change was human activities which is equivalentlitnate change2013:Thephysical science

basis, the science now shown with 9%®rtaintythat human activities is dominant cause of

climate change since 2@entury(IPCC 2013)

1%

3%
M natural

M human
both

M don't know

SourceField survey 014

Fig 3: The cause of climatehange

4.2.3 Perception of respondents in changing weather pattern

Perception othange in weather parameters was found varied among the respondents which is
presented in table 2. As per table, percentage of farmer responded increase in temperature by
98.50%, drought length by 91.50%, drought frequency by 90% and frost and dew dyount
77.30%. Similarly, decrease in monsoon intensity by 67%, monsoon frequency by 90%,
hailstorm by 81.30% and flooding by 81.30%. Reports mention on National Adaptation Plan of
Action (NAPA) highlighted increased temperature over 10 years. Reports of @H#lalso

highlighted decreased trend of rainfall in Nawalparasi district since four years. The respondents
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during FGD recalled long duration drought in 2061/62 B.S and faced torrential rainfall in 2064
B.S. Winter rain used to occur during December tor&ary in previous time now delayed and
decreased in frequency since pastyear. There was increased lightening and increased events
of hailstorm occurrence. In Nawalparasi, fall of winter dew used to be the source of soll
moisture, but now was perced/@s hazardous to vegetable crop. Respondents reported burning
effect of dews in winter vegetables and fruits in recent years. Increased number of foggy day in
winter was suitable environment latte blight diseasen tomato, potato, brinjal etc. Also, ttee

was reports of more insect pest (aphid and summer insect attraction in vegetable even in winter
season because of increased minimum temperature. Inefficient water usage all over the world
and inefficient distribution systems in developing countrieh&rrtdecreased water availability.
Water availability is expected to be highly sensitive to climate change and severe water stress
conditions will affect crop productivity, particularly that of vegetables.

Table 2: Perception of respondents in changing weather pattern

Weather pattern Increasing Decreasing No change Don't know
Temperature level 69(98.50) 0 1(1.50) 0
Monsoon intensity 21(30.00) 47(67.00) 1(1.50) 1(1.50)
Monsoon frequency 5(7.00) 63(90.00) 1(1.50) 1(1.50)
Winter rainfall 3(4.20) 65(92.80) 0 2(3.00)
Landslide/Flooding 11(15.70) 57(81.30) 2(3.00) 0
Drought length 64(91.50) 6(9.50) 0 0
Drought frequency 63(90.00) 5(7.00) 1(1.50) 1(1.50)
Hailstorm 9(12.70) 57(81.30) 2(3.00) 2(3.00)
Frost and dew 54(77.30) 9(12.70) 1(1.50) 6(9.50)
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Source: Fieldurvey (20149

4.2.4 Perception of respondents in changing timing and duration of rainfall

Fig 4 in left-hand side shows the perception of farmers in changing monsoon time. About 84.2%
perceived timing of prenonsoon became later and timing of main monsoon was also perceived

later by 98.5%. Similarly poshonsoon timing and winter rainfall was pexaa as later by

85.7% and 95.7%, respectively. Against these perceptions reported, IPCC (2013) documented

increasing rainfall trend in monsoon season mainly in Eastern, Western awddt@m region.
Postmonsoon in Western Development Region was repartectasing trend. Winter season
depicted an increasing rainfall trend all over the country.
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Fig 4. Perception of respondents in changing timingof rainfall (left) and duration of

monsoonrainfall ( right)

Figure 4 (right) shows perception of farmeos duration of rainfall Duration of premonsoon

was perceived short by 90%espondentsmonsoon by 94.2%, pestonsoon by 94% and

winter monsoon by 97%By analogy, i can beinferred that majority of respondents perceived

shorterduration of rainfallthroughout the seasons of a yeHne results was verified with the
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NAPA report ofdelayng onset of pranonsoonmain monsoon and pestonsoon in the western
part than eastern ameéntral part of the country (NAPA, 2011).

4.2.5 Reasors of vegeable failure

Figure5 showed perception of respondent about main reason for vegetable falunter frost,
fog and dew were major reasons potato and tomato orapinter. About 41% resporghts
answeredrought, frostanddewas major factors of main reasonégyetable failureAbout 37%
respondenbnly saidlong droughtas key problem of summeegetableln Pihauli VDC there
was water facility and alsbariland for vegetable productiorBut in Rajahar VDC there was
not bari-land. So,only khetland after harvesting ricevas used to growegetableevenhaving

no water facility. There, the respondents grgwtatq tomato, bittergourd mainly for home
consumptionYet, they said that there ag drout problem.High temperature (28) andonly

3% said heavy rainfattontinuousainfall were othereasos ofvegetable failure.

| drought
m heavy rainfall
temperature

B drought and frost/dew

\]i%/ 3%

Source: Fieldgrvey (20149

Fig 5: Main reasons of vegetable failure

4.2.6 Change in vegetable performance

Table 3 depicts perception on change in vegetable performance. The yield of potato, cucurbit,
and tomatavas increased by 82.9%, 71.4%, 61.4%, respectively. This might be due to the hybrid

varieties and other improved praets they had been adapting. In contrast to this, according to

26



book, (Climate change andgkiculture over Indig there is sudden decrease in fruit set and due

to that, crop growth will increase and expected yield may get reduced. Short photoperiod (i.e.
long nights) and cool temperature induce tuber formation in potato. Potato yield ate particularly
sensitive to highemp stress because tuber induction (Reynolds and Ewing 1989). There is an
interaction between photoperiod and temp; the higher the temmerdhe shorter is the
photoperiod required for tuberization for any given genotype. High temperature can also
adversely affect tuber quality by causing o6h
stolon from immature tubers (Wolfe et.al. 1983; Hrti.al 1989). Moderately high temperature

could significantly reduce tuber yield even when photosynthesis and total biomass production are

relatively unaffected.

Table 3: Change in vegetable performance

Potato Cucurbits Tomato

Performance Inc Dec NC DK Inc Dec NC Dk Inc Dec NC DK

Yield 829 17.1 0 0 714 272 1.4 0 61.4 171 214 O
Fruit Size 67.1 186 86 5.7 572 30 114 1.4 514 157 31.4 1.4
Fruit Quality 541 129 114 21.4 40 414 157 29 214 371 40 1.4

Fruit Taste 229 471 20 10 20 571 8.6 143 157 271 37.1 20

Source: Field srvey (2014

4.2.7 Change in vegetable growth in lagtnyea

Table4,5, and6 depi ct frequency and percentage of
potato, cucurbit and tomato growth ast 10year. According to FGDfarmers reported shifting

of potato planting date between tweek to 4 week . But potato tuber germination, tubering
stage and maturity had been felt earlier as shown in table 5.In case of cucurbit particularly bitter
gourd,it was found that seed germination stage, transplanting stage, flowering, flowering period
and fruit maturity stage had been earlier. Almost same situation also reported to tomato case. The
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farmers didnot

autonomously adapting it as new practices. Probably it is the generation change in farming or

ak factonsof ghiftiry ofavegeableagrowth stagesut they are

other operations efarm or norfarm activities forced them to do.

Table 4: Change in ptato growth in last 10 years

Stage of Potato Earlier Later No change Don't Know
Potato plantinglate 26(37.10) 42(60.00) 2(2.90) 0
Potatotubergermination 52(74.30) 17(24.30) 1(1.40) 0
Potato tubestage 52(74.30) 17(24.30) 1(1.40) 0
Potato maturity 52(74.30) 17(24.30) 1(1.40) 0

Table5: Change in acurbit growth in last 10 years

Source: Field Surve{2014

Cucurbit stage Earlier Later No change Don't Know
Cucurbit seed germination 56(80.00) 14(20.00) 0 0
Cucurbit transplanting 36(51.40) 32(42.70) 2(2.90) 0
Cucurbit flowering 45(64.30) 25(35.70) 0 0
Cucurbit floweringperiod 43(61.40) 27(38.60) 0 0
Cucurbit fruitmaturity 57(81.40) 12(17.10) 1(1.40) 0
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Table 6: Change in bmato growth in last 10 years

Stage of Tomato Earlier Later no change  don't know
Tomato seed germination 41(58.60) 26(37.10) 2(2.90) 1(1.40)
Tomatotransplanting 36(51.40) 27(38.60) 3(4.30) 0
Tomato flowering 44(62.90) 26(37.10) 0 0
Tomato floweringperiod 43(61.40) 27(38.60) 0 0
Tomato fruitmaturity 58(82.90) 12(17.10) 0 0

Source: Field Surve{2014)

4.3 Climate change a@aptation practicesin the study site
4.3.1 \kgetable crop varietiesdapted by theespondents

Respondents reported improved and hybrid vegetable varieties adapted in the study areas. These
are mentioned in tablé As per tablemajor potato varieties were: Cardinal,lgidab, Bhutani

and etc. Tomato varieties were Srijana, Manisha, Namita and Local ones. Likewise, major bitter
guard varieties were Palee and Locals. The study site was ENejpas intervention area where

major vegetable seeds were supported by thegir@pher effect they reported that respondents

purchased seeds from nearby aged shop and horagrown own seeds (locals vety).

Table 7: Vegetable crop varietiesadapted bythe respondents

Vegdable Varieties

Potato Cardinal,Lalgulab,Setolau,Lal bandi,Local, BhutaniandTPS
Cucurbit (Bitter-gourd) Paleeand Local

Tomato Srijana,ManishaNamitaand Local

Source: Field survey (2014)
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4.3.2Key maladesand farmers' adaptation practices

At the study site, there were some local coping astaptation strategies adopted in response to
observed risks and hazards related to climate andclivoatic factors. Most of the coping
activities were found to be event specific based on local knowledge and innovations, because
most of the respondents wenot aware about actual impacts of climate changesugh people

had been taught about climate change by SAFB#xitas yet they were unware about impacts

of climate change actuallyt means there is scope of this project becalibe members of
Caritaswere amostfemale, although they were traindayjt did not practice all concepts at this
moment. Project period was also too tenure to solve all kind of complex problems: climatic or
nonclimatic factors. Second factors would be high pressure of lloagehold work could not
emphasize on work sufficientlyOther factors like household income, technology availed etc
also affect adaptation. Details of adaptation are included in table 8.

Table 8: Major adaptation practicesof the respondents

S.N Type ofeffect/Hazard Adaptation Practices

1 Low production Use of hybrid vaeties(70 HHs)
Use ofmore farm yarananure(70 HHs)

2 Inadequate irrigation water Mulchingin winter vegetablé¢51 HHs)
Use of kitchen water(grey water) (16 HHS)
Drip irrigation(8 HH)
Rainwater harvesting poranstruction3HHS)
Installation ofshallow tubewell (20HHS)

3 Waterlogging condition Cutting bunddor rainy season vegetal@SHHs)

4 Insect pest attack Bio-pesticdes(54 HHs)
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Use pesticides(6MHs)
Use of different traps; pheromones traps(40 Ht
IPM(40HHs)
5 Disease Bio-pesticides(54 HHs)
Use pesticides(64 HHS)
uprooting the diseased plant(70 HHs)
6 Cold and frost use of plastic(3 HHs)

useDithaneM-45(70 HHs)

SourceField survey(2014

From above tableve can se adaptation practices answered by the respondents. However, there
wasno significant difference in adaptation practicdghe respondents two VDC since both
VDC had similar kinds of adaptati@upports from SAFBINCaritas Nepal.

For low vegetable productioaf respondentsalmost used to \rid varietiessupported from
project interventionNon-members weralso usg hybrid varietiesmainly selfbuying from
agrovet shop Also farmerspracticedusing moremanue from local knowledge which enriell

soil fertility For inadequate irrigation facilities about 51 HH had practiced mulching which
increase soil moisturelnstallation of shallow tube well, rainwater harvesting werenest
adaptation praates adaptk Also this project had provided drip irrigation to 3 farmers group
from where the other members can also us®idiilarly kitchen water collection is also
alternative to collect water. IRithauli VDC farmers cut bunds for water logging problent in
RajaharVDC there was no water logging probleiihe soil absorbd water inRajaharVDC in
comparisongo Pithauli VDC. For insect pest attack farmers ddaotanical bio-pesticides(
Tittedpati Artimissia vulgari3, Neem Azadiracta indica bokaine Melia azadiractd made
Other integrated pest management (IPMpproaches were usirapw urine, pheromone trap,
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cue lure, cow milk, etcThe farmers of both VDC usephore manure but fungicides for

controllingvegetablaliseass.

4.4 Relationship of ®cio-economicand climatic factors onvegetable cropyield
These relationships were analyzed and results were tested in order to find significance of
explained factor by explanatory factors.

44.1 Relatiorship of land holdings on vegetabigeld response

Crosstabulation fequency ountingbetween size of landategory with the response of cucurbit
yield in table 9revealed that land categdrgtween 120 Kattha(56%)had answerethcreasing
yield responseby 71%, followedoy decreasing yieldy 28% repondents.

Table 9: Relationship of respondent holdings with cucurbit yield responsecross tabulation

Total area in cucurbit yield Total
kaththa

increasing decreasing no change
Below 10 13(19%) 6 (9%) 1(1.4%) 20 (29%)
10-20 28 (40%) 11 (16%) 0 39 (56%)
Above 20 9 (12.5%) 2 (2.5 %) 0 11 (15%)
Total 50 (71%) 19 (28%) 1 (1.4%) 70 (100%)

Pearson'shi-square 3
3.184 Significance levq

(p=0.521)
Potato yield Total
increasing decreasing
Below 10 16 4(5.7%) 20 (25.5%
(22.8%)
10-20 33 (47%) 6 (8.6%) 39 (56%
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Above 20 9 (12.5%) 2(2.9%) 11 (15.4%

Total 58 (83%) 12 (17% 70 (100

Pearson's cksquare = 0.28

Significance level§=0.901)

Note: Figure in parenthesis shows percentage

Source: Own analysis from field survey (2014

Similarly, cross tabulation count between the size of land category with the response of potato
yield is also depicted in table 9. It shows that all kinds of -lamldings fet increased potato

yield in the study area because of climate change. Our ggatbus would be increased
vegetable yield in the recent years for all kinds of land hold&ggnificance level of these
categories were tested by using Pearson'ss@imre testaf) but werefound not significantat

5% level It means, study found lesariability in the responséespecially atlecreasing yielar

no response

4.4.2 Relationship of respondent’'s aggender,and cultivation area on potato yield response

Multiple linear regression analysisn predicting relationship of potato yieldlependent
variable$ with the explanatory variablesa@e of respondentgenderkhet land and bari land
found that potato yieldhadsignificant relationship at 5% levélhe value of R(0.071) was also
much greater which show good strength of relatmetween the dependent variable and
independent variablgssee appendix)1This implies that gendekhetland andbari land played

important role in production ofegetable

Correlation test between temperature, yield and area of cultivation also tedegiasitive
correlation(0.448) Twentyyears (1991-2010) preciptation data, maximum temperature data,
minimum temgrature data of Nawalparasi district with annual yield was correlated using
Pearson's correlation. Whereraaximum temperature and rainfall had no significant correlation
as seen in the appendix This indicates minimum temperature of Nawalparasi seem to be

favorable to the yield of the potato.
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4.4.3Trend analysisof potato yield, area andlimatic parametersn Nawalparasi

Results shown in figure table lfigure 7 and 8 gave temperature and rainfathdover 20 year
duration in Nawalparasi districErom this analysis it was found thadtato yield, potato area,
mean minimum t@perature mean maximum temperature and mean annual rainfall were
5527.59 mt, 832.37 ha, 18%9 30.543 and 201.98 mm, respectively It showed6.64 ton
productivity of potato per hectaravhich is less than national productivity (equivalent 10
tons/ha) (MOAD 2013)The standarddeviationresults showed skewed pattern of variability in
yield, area and rainfall but not much variability in temperature. Trend analysis in figure 7
showedslightly increasegbostive trend of minimum temperatubeit somewhere negative e

seen formaximum temperaturelikewise, trend analysis ainnualrainfall showed increased
trend but down and fall in amount over years. Regression equation over years showed negative
relationship for maximum temperature but positive relationship foirmim temperature and

rainfall patternHowever, 0 any significant correlation has been obtained

Table 10: Descriptive statistics ofnon/climatic factors in Nawalparasi district

Descriptive Statistics

Mean Std. N
Deviation
Potato yield (mt) 5526.79 5660.26 19
Area (ha) 832.37 250.63 19
Annual minimum temperature (°C) 18.79 314 19
Annual average maximum temperature(°C) 30.54 444 19
Annual rainfall (mm) 201.98 31.59 19

Source:Own estimate fronDHM (2014 and MOAD (2013)
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Fig 7: Line graph showing rainfall (mm) trend of 30 years

4.44 Relationship of temperature, rainfall and area on potato yield

Multiple regression analysi®sults shown in tablgl found relationship of potato crop area in

Nawalparasi district, annual average minimum temperaft€® @verage annual maximum
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temperatre (C), average annual rainfall (in millimeter) of 20 fiscal years (1991/92 to 2010/11

year) to the ultimate annual potato crop yield (in metric tons).

The results depicts thpbtato area and yield has positive relationship. If potato area increases by
1 unit (hectare), then the yield of potato can increase by 16 unit (rre¥t t=4.2) statistics

was also significant at 1% level. Similarly, minimum temperature on yield was also positive but
estimated-value (=1.5) wasnot significant at 5% levelJnlike it, maximum temperature and
annual rainfall effect had negative effect on potato yidldis relationship respesd our
literatures and hamped physiological featuresf potato if maximum temperature and rainfall
patterned increase swre detrimentafactorsfor yield increment. R-squared value &0.68)
means only 68% of the variability was explained by the model. ANOVA table mentions F
statistics = 459 which wassignificant at 5% level, meaning that overall model had
characteristic®f "goodness of fit". However, results may be divergent in case more data to be
incorporated in the model. Durbin and Watson Statistics (=1.56) gave positive autocorrelation

effect in the model meaning that model had tiagged effect.

Table 11: Results of multiple regressions among climatic parameters and area on potato
yield in Nawalparas district

Model Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta

(Constant) -4884.256 68154.634 -.072 .944

Area 16.477 3.932 .730( 4.190 .001

Min™ temperature 5390.053 3661.950 299 1.472 .163

Max™ temperature -3069.372 2386.620 -.241 | -1.286 .219
i Annual rainfall -53.819 30.636 -.300( -1.757 101

R? = 0.681 Durbin and Watson Test = 1.56
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ANOVA?Z

Model Sum of Squares df Mean Square F Sig.
Regression 392508376.626 4| 98127094.156 7.459 .002b
1 Residual 184186014.532 14 13156143.895
Total 576694391.158 18

a. Dependent Variable: yield

b. Predictors: (Constant), Rainfall, Min_tempe, Area, Max_temp

Source: Own analysis from data of DHM and MOAD (2014)
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CHAPTER 5: SUMMARY AND CONCLUSION
5.1 Summary

This field research was nductedn PithauliandRajaharVDC of Nawalparasi district based on

project intervention areas of Caritddepalwith the amtoknw veget abl e f ar mer 0
and adaptation measures under climate change and vulnerability c@@aggnty HH survey

thirty five HH from each VDC was taken with semi structured questionnaire. Pretesting was
done before interview suey and only survey was conductddouseholdsurvey, FGD and KIS

were major method applied in the field. Data from DHEBS and MOADwere collected on

climatic parameters and productjoespectivelyand correlated. The field data was entered in

Microsott excel worksheet as well &PSSworksheet Then, purposive analysis related to
perception analysis, trend analysis and regression analysis undertaken along with relevant

descriptive statisticasing SPSS.

Regarding to perception analysis results, aro8i% respondents answered yes about climate
changein their locality related to vegetable productidine causeof climate change perceived

by the respondents wasiman activitiegollowed by no idea on the causal fact@gnilar study

was also reportechilPCC (2013) with 95% certainty that human activities were the dominant
cause of observed warming since the mid' 2@ntury. Regarding to response of change on
weather factors before ten years and n@spondents answerggmperature levaehcreasgby

99%), changen monsoon intensity decreagey 67%), monsoon frequency (90%), winter
rainfall decreasing (by 93%), flood effect decreasing (by 81%), drought length increase and
frequency (by 90%), hailstorm decrease (by 81%), and frost and dewietieetse (by 77%).

Regarding tarainfall patternin the study area, about 84%, 99%, 86% and 96% ansvpeeed
monsoonmonsoonpostmonsoon timing became latén comparison to usual rainfall pattern in
the last decadeMajority of respondents perceivesthorter duration of rainfall throughout the

seasons of a yearhese results were similar to previous studies in other districts of Nepal.

Major climatic factors making vegetables failuve keep always on risk were: cumulative of
drought, dew and fog (b41%) followed by long drought (37%). Even the areas were very near

to Narayani river, because of poverty of the respondents, insufficiency irrigation facilities made
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great loss on vegetable yielarmers shared that 60% respondents planted potato tzojudh

tuber germinationtuber development and tuber maturity were perceived earlier than usual time.
However, cucurbit germination seed germination, transplanting date, flowering, flowering
period, and fruit maturity period were reported earliémilar physiologicalchangesvere also
reported for tomatorop. Whatever the losses they felt or faced, performance on yield, fruit size,
fruit/tuber quality were perceived increasing but vegetable taste was perceived redheing
farmers also responded there was occurrence of new pest and disease which was not identified
by them. Themost infected stages was flowering and fruiting in cucuraitd bmato and
tuberization and maturity stage in potakEyom these perceptisnanaysis we caninfer that

growing degree day (GDD) of vegetable crops were reducing the study area but new

generation pest were immerged because of warmed-clianate.

Study also triangulategerceptions by using secondary data analysis of last 38 f@awhole

district. Mean mnimum temperature was slightly growing,uginfall amount was increasing

trend butpattern (frequency per month, duration of rainfall occurrenegys irregular The
relationships of landholdings witthe yield response we analyed but landholding of the
respondents was not significantly different. Relationships of land size, annual mean temperature,
annual maximum temperature, and annual rainfall amount had significant relationship on overall

yield of potato yield.

In order to safe their crops from changing weather patteanmsers had used improved seed and
hybrid vegetable seeds spontaneouSlther factor of using Hybrid seed would be market force
but CARITAS-SAFBIN provided subsidized seed to the targeted respimdearmers were
using more farm yard manure per unit of langing IMP approach to manage increased attack
of insect and disease pes#ndinstalled swallow tubevell substituting dugvells to reduce
groundwater availability in the summaersing mulch,and drip irrigation technologies to adapt

these climatic maladies
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5.2 Conclusion

Above summary of findings conclude following points:

1 Study results showed that vegetable farmer®ithauli & Rajahar VDC had positive
response on increased temperatuifeceon crop production. All monsosr{pre, during
and post) and winter rainfall were late, irregular and pecufiapattern. Farmers
perceived increased drought length, hailstoand dew effect oroverall vegetable

production

1 Trend analysis conclude increasedmean minimum temperatur@and maximum
temperature in the study area. Rainfallcamt was increasing in trend but pattern

(frequency per month, duration of rainfall occurrence) was irregular.

1 From these perceptions analysissearchercan conalde that growing degree days

(GDD) of vegetable crops were reducegng with shifting farming time later

1 Including other socioeconomic variablelnatic factors had significant effect onerall

yield of vegetable crops.

1 Multiple linear regression analysis predicting relationship of potato yieldependent
variabled with the explanatory variablesage of respondentgenderkhet land and bari

land) found thatpotato yieldhadsignificant relationship at 5% level.

1 Correlationtest between temperature, yield and area of cultivation also predicted positive
correlation(0.448)

1 T-test (t=4.2) statistics was also significant at 1% level. Similarly, minimum temperature
on yield was also positive but estimatedatue (t=1.5) was nagignificant at 5% level.
Unlike it, maximum temperature and annual rainfall effect had negative effect on potato

yield.
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1 The yield of vegetables was found increasing despite reporting of impact of climate
change. The causes of yield increment were beaafuséaptation suppbfrom Caritas
SAFBIN program Major adaptatiorsuppors were:training, seecand material supports
related to climate smart techniquelowever, adaptation skills and options supported by
the projects were insufficient to addrgss/atedemandon vegetable cultivation.

5.3 Policy recommendations
The researcher would suggest following recommendations

1 The researcher not only collected, tabulated and analyzed climate change response but
also identified pros and cons of climateange adaptation response in the study area. In
order to response climate change vulnerability at local area, very good initiatives
been taken from government sector, donor setftdGO and civil societyOne of these
organizations isCaritasSAFBIN is doing adaptive research to respomseclimate
change adaptation prograrRresentproject activities aresensitizinglocal people and
enhancingskills to them.Following points are suggested in order to improve climate

change adaptation financing.

1 CaritasSAFBIN is suggested to broadessearch boundary by includingrge number of
respondents into researdtamework to confirm role of socioeconomic and climatic
variables inundate climate chand®hatfactors (climatic, soci@conomic) areplaying
decison making on climate change adaptation would be identified by taking large sample

size;

1 Farmers said "hybrid seed" would be panacea under climate change vulnerability.
However, major challenge in the study area were water saving and water utilization
tecmologies, poverty, and soil fertility improvement.Basically, rew
research/developmetgchnique of farming "farming under low water and more water" is
suggested to implemenghifting from rice farming to plastic houdasedvegetable

farming(in rainy seasohwould be suitable adaptation example for upland areas.
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1 Study suggests granting many optionsdefmotrials on vegetable cultivation for low
land areaNawalparasby selectingrelatively higher landholders (rich farmefgossible)

in close coordiation of NARC/IAAS scientists.
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APPENDICES

Appendix 1: Structured Questionnaires asked to the respondents

Name of Interviewer:

information

Name of farmer:

Address
Area of land

total ropani

2. Farmer's Perception on Climate change

2 I Haveyoufettabout ctimate change?

2.2 Do you know the cause of climate change?

a. it is Natural

Khet land

Date General
Age years
Bari land
Yes / No

b. humammade (caused by pollution emitted by people and industry leading )

2.3 Have you experienced any change/deviation in weather parameters over the past 10yrs?

Yes/NO

2.4 Have you noticed changes in the following weather/climate conditions?

Weather Increased Decreasedq No Don't Remarks
Change| Know

Temperature level

Monsoon Rairdill i intensity

Monsoon Rainfal frequency

Winter-frequency

Landslide/flooding severity

Droughtlength and Severity

Droughti Frequency

HailstormAmount and severity

Frost & Dewi Amount & Severity
2.5 Have you noticed changes in timing of rainf@donsoon) ? (tick)
Weathemattern
Timing of pre Monsoon (before June| Earlier Later No change | Don't Know
Duration of premonsoon Short Long No change | Don't know
Timing of monsoon(Junieaugust 30) | Earlier Later No change | Don't Know
Duration of main monsoon Short Long No change | Don't know
Timing of post Monsoon(-BO sept) | Earlier Later No change | Don't Know
Duration of Post monsoon Short Long No change | Don't know

A




Timing of winter rainfall

Earlier

Later

No change

Don't Know

Duration of winter rain fall

Short

Long

No change

Don't know

3.1 Have climate changes had any effect on your vegetable farming over the last B@n$?

AW7aY havna vt Aavin

orlion

failllira Af vyn

o Lal
yb\), TTUVC

tell reasons for vegetable type faguf----4----------=---=----------

_yUU

end
bAPbI A2 BAAYA R IC ] AV | A7

\YA BA"A Y]

a. Drought

e. temperature

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

f. hailstorm

b. heavy/continuous rainfall

etable in last 10 yrs?

Yes/NO if yes,

c. wind

g. drought & frost

d. frost

Vegetable

Incidence of
Pest/disease

Occurrence of
new pest in 10

Which stage of the
vegetableest

Name the varieties
of crops you are

yrs(name of | incidence more? | growing
the pest
identified

Potato Increasing/decreasin Yes/No

Cucurbits | Increasing/decreasin Yes/No

Tomato Increasing/decreasin Yes/No

3.5 Have you noticed any change in vegetable performance in last 10 yrs? Yes/No

Effect on =| Effect on =| Effect on =

potato = § qg)’ 2| cucurbits | & § qg” 2| tomato = § qé’ o

Performan | @/ §| & ~| Performan g 3 & ~| Performan g 3 & =

ce 5| 8| o §|¢® 5 8| o §|¢® 5 8| o &
Sl ol z o Sl Qo z o Sl o z o

Yield Yield Yield

Potato Size of Size of

Size fruit fruit

potato Fruit Fruit

quality quality quality

potato fruit Taste fruit Taste

Taste

Other Other Other

3.6 Please mention following change in vegetable growth in last 10yrs:

B




Potato - Cucurbit - tomato - ©
stage 25 £ | stage 25 £ | stage 25 <
3| 8| o © S| 8| o © S| 8| o ©
wl| a1 210 wi| a1 2] 0 w| g/ 21 0
Planting Days of Days of
date Seed Seed
germination germination
Days of Transplanti Transplanti
tuber ng date ng date
germinati
on
Tubering Flowering Flowering
stage
Tuber Flowering Flowering
maturity Period Period
period
Fruit Fruit
maturity maturity
Period Period
4. Vulnerability effect in vegetable farming
4.1 Have you faced a climate related crisis in vegetable in last 10 yrs? Yes/No

4.2 If yes, please ticklimatic hazards affected your vegetable farming.

S.N| Types of effect Increasing/Long Decreasing/Shon Reason

a. | Water logging period during
planting

b. | Availability of water source
Damage of vegetable seedlings
Losses of winter/potato vegetak
by cold-fog

e. | Losses of cucurbits by hailstorm
(cum heavy wind)

f. Type of insect pest damage croj

g. | Type of disease pest damage

h. | % of total losses in vegetable
yield

5. Climate change/vulnerability contextadaptation situation of vegetables
5.1 Please tell mmajor adaptation practices to the particular climatic hazards.

S.N

Types of effect/Hazard

Adaptation practices at present context

a.

Low vegetable production

Low water/insufficient water for
irrigation




WwnN e

c More water /water logging
problem

d Insect pest attack

e Disease attack

f. Loss due to hailstorm

g. | Loss due to cold fog/frost

5.2 What types of adaptation activities are you implementing from G&R&RIN programme
in vegetable?

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

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

eEééeéeéeéeécecé.
5.3 How do you feel that adaptation techniques are better performing in your farm? No/yes
If yes,

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

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

eéeéeéeéeéeé.
If no or partial acceptance mention area of improvements

,,,,,,,,,,,,,
""""""

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

eééeéeéeéeéeé.
5.4 Do you like to continue these practices ? Yes/no

5.5Have you taught the adaptation t@gaes learnt from CARITAS to anyone? If yes to
whom?

Relatives

Neighbors

Others

Appendix 2: Checkilist for focus group discussion

Name of Group/community Participants:----------------- Date of FGD taken------------
No.ofpartici pants Femdalee&é&eé. Tot al éé.
Age: <20¢ééée-50éc¢ecé. 20 >50
Address

Area of vegetable farmingotal ropani ------- Bari land ----------- Khet land----------

Q.N 1. Do your group feel about the climate chainggour locality?

a) Extremely felt  b) Moderate felt c) Fairly felt d) Not felt

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

Q.N.3) What are the major hazard happened in your lgcwaiithin 10 yrs? Construct timeline

of economic losses of climateduce hazard.



Types of hazards
Heavy wind/ Erratic

Year | rainfall/hail/insect /disease

Loss of land
(kattha)

Loss of loss of
vegetable | people (No)
(Qnt.)

Others

Cultivable

others

2061

2062

2063

2064

2065

2066

2067

2068

2069

2070

2071

Q.N 4 Please share effect of hazard and res

pective adaptation strategiegyodyour

Hazards Effects

adaptation strategies implemented

Premonsoon rainfall

Hailstorm

Prolonged drought

Winter fog/frost

Winter rainfall

Others

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

Support strategy/techniques

Supported by

organizations (Caritas

Nepal or other one)

Suggestions for future
support

Climate change awareness
raising

Early warning system

Rain water harvesting

Thi-jar support for drinking
water (or kitchen gardening
irrigation




Drip irrigation

Integrated nutrient
management

Safeside construction

Providing climatesupportive
crop varieties

Rehabilitation of
infrastructure

Farming technique(mulching
earthing, SALT etc)

Annex 3: Checklist for Key Informant Survey
Key Informant survey of climate change in vegetable farming of Agro vet, Nawalparasi
district
1. General information:
Name: Sex: M/F
Age: __ years
Name of Agro vet :
2. Key informant pereption 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 this district?
2.3 What type of hazareffect have you sedn this district in vegetable 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 rice varieties is preferred
2.5 Fromwhere are you bringing these seed?
2.6 Is there any failure of vegetable 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 the farmer report frequently?
2.8 Are farmers purchasing insecticides and pesticides?
Yes/No
If yes, what are they ?
Is it increasing or decreasing ?
Key Informant survey of climate change in vegetable farming for DADONawalparasi
District
1. General information:
Name: Sex: M/F
Age: __ years

mo s t



Occupation:
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 eperienced any change/deviation in whether pattern in your district?

2.3Does DADO have prograsirelated to climate change in your district?
Yes/No
If yes what type of progras? (Also specify for vegetable farming)
2.4 What type of hazard effect have you seen in this district in vegetable farming?
2.5 What type of adoption activities/ strategies supported by DADO in order to mitigate /adopt
climate change impact?
26 Whattypeo f f ar mer 6s are befefited from this pr o
2.7 Are they implementing these in their farming practice?
Key Informant survey of climate change for Caritas, Nawalparasi District
1. General information:
Name: Sex: M/F
Age: __ years
Organization:
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?
2.2Have you experienced any change/deviation in whether pattern in this district?
2.3 Does Caritas have programs related to climate change in your district?
Yes/No
If yes what type of ppgram® (Also specify for vegetable farmifg
2.4 What type ohazard effect have you seen in this district in vegetable farming ?
2.5 What type of adoption activities/ strategies are given by Caritas for vegetable farming to
adopt climate change impact ?
2.6 What t y pedenefifed ffora thisygagrass a r
2.7 Are they implementing them in their farming practices?
Key Informant survey of climate change in vegetable farming of leader farmer,
Nawalparasi district
1. General information:
Name: Sex: M/F
Age: __ years
Nameof the leader farmer :
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 pu experienced any change/deviation in whether 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 vegetable farming?
2.4 What are the adoption practices/strategies are you followngpwwith climate change
hazards in vegetable farmingZss of productivity, flooding, disease, pest,
drought,drought,frost,dew)
2.5 Are you implementing these practices in your farming?
2.6 Are you getting any support from any organization to eaffeclimate change hazard in
rice farming ?

Yes/No
If Yes, mention theiname and there support progr&ms

Appendix 4. Land holding of the respondents

Land holdings % of household
small farmers (<0.5ha) 60

medium farmers (0.8.ha) 32.8

large farmers (> 1 ha) 7.2

SourceField survey, 2014

Appendix 5: Correlation of maximum and minimum temperature along with yield and
area of Potato production

Correlations

Minimum maximum Rainfall area Yield
Yield Pearson Correlation 448 -.020 134 750" 1
Sig. (2tailed) .047 .932 574 .000
N 20 20 20 20 20

*, Correlation is significant at the 0.05 levelt@led).

**_Correlation is significant at the 0.01 leveH@iled).

Appendix 6: ANOVA

ANOVAP®
Model Sum of SquaregDf MeanSquare |F Sig.
1 Regression |.702 3 234 1.670 182
Residual 9.241 66 .140
Total 9.943 69




a. Predictors: (Constant), Khetland in kattha, Age of the respondent , Area of Bariland ke
b. Dependent Variable: potato yield

R Square
Model R R Square Adjusted R Square  [Std. Error of the
Estimate

1 .266' 071 .028 374

Coefficients

Model Unstandardized Standardized |t Sig.

Coefficients Coefficients
B Std. Error Beta

1 (Constant) 1.109 219 5.065 .000
Age of the responde .002 .004 .057 479 .633
Area of Bariland 174 .087 242 2.016 .048
kattha
Khetland in kattha | -.068 .069 -.118 -980 |.331

a. Dependent Variable: potato yield

Appendix 7: Potato production area and yield ( 20 years data )

Years Area Yield
1991/92 460 802
1992/93 500 790
1993/94 600 1017
1994/95 600 1022
1995/96 530 445
1996/97 590 495
1997/98 610 708
1998/99 850 950
1999/00 850 950
2000/01 950 1074
2001/02 875 1200
2002/03 875 934

2003/04 875 11271




2004/05 875 11200

2005/06 875 13486
2006/07 1025 10500
2007/08 1250 12384
2008/09 1275 12631
2009/10 1100 11555
2010/11 1100 12545

SourceMOA 2010/11

Appendix 8: Maximum and minimum temperature and rainfall data of Nawalparasi

district (B years)

Year Minimum TemperaturéC Maximum temperatur€C Rainfall mm
1983 18.09 30.00 145.68
1984 18.53 30.39 202.33
1985 18.88 30.63 186.64
1986 18.59 30.49 190.05
1987 18.70 30.82 180.68
1988 19.08 31.21 207.62
1989 18.21 30.85 161.71
1990 18.69 30.39 220.20
1991 18.76 30.76 168.93
1992 18.58 30.63 150.99
1993 18.33 30.27 190.22
1994 18.75 31.03 192.39
1995 18.68 30.83 221.16
1996 18.71 30.58 189.86
1997 18.08 30.11 161.73
1998 19.16 30.47 209.83
1999 19.08 31.33 221.78
2000 18.45 30.07 213.84
2001 18.58 30.47 254.08
2002 19.03 30.06 215.23
2003 18.62 29.71 268.13
2004 18.89 29.88 218.44
2005 19.00 30.63 185.22
2006 19.05 30.69 177.98
2007 18.93 30.23 268.82
2008 18.70 30.68 163.85
2009 19.13 31.36 160.37
2010 19.30 30.97 223.33
2011 19.02 29.93 176.68
2012 16.09 29.78 178.99




Source: DHM2012

Appendix 9: Vegetable production area and productivity( 10 years data )

Year Area Production Yield Productivity
2003/4 4000 44135 11034 11.03
2004/5 4269 50472 11823 11.82
2005/6 4482 53525 11942 11.94
2006/7 4684 55773 11907 11.90
2007/8 4895 58115 11872 11.87
2008/9 5220 58230 11155 11.15
2009/10 4646 53201 11451 11.45
2010/11 7523 90670 12052 12.05
2011/12 4763 57570 12087 12.08
2012/13 4600 57806 12566 12.56

Source: MOA 2012/13



Appendix 10. Photoclips

Pht 1:CAITA/NepaI merventionlte (Plali VDC)
=T R ‘

e

STy

VJ/

Photo 3: Cdcting household survey at Rajahar VDC



R -“,k‘s{‘Photo4: FGD at Pithauli VDC
Photo 5 FGD at Rajahar VDC



