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Abstract This study investigates the implications of climate change on agricultural
ecology of Lumle Village as a representative example of the Middle-Mountains of Nepal.
Primary data were collected through face-to-face interviews taken in 141 households.
Supplementary data of public domain were collected from 9 Focus Group Discussions, 3
Historical Timeline Calendars, 20 Key Informant Interviews and sketches of 2 Crop
Calendars. The findings suggest that traditional agro-livestock-based livelihood of the
farming households of Lumle is ruined because of farmland abandonment and shift of
agro-livestock activities to others options. A sharp decline in contribution of agro-live-
stock-based activities in household livelihoods in the last decade justifies this statement.
Many factors might have been interplaying in abandoning agro-livestock activities.
However, as the impacts of climate change are complex because of their spiral effects in
existing poverty and marginality of households, it is contributing to agro-ecology through
the effects of changes in weather pattern, increased invasive species and crop-livestock
pest, as well as labour migration abroad caused by reduced farm output. The damage in
agricultural ecology of mountain area in general and of Lumle in particular, however, has
not yet been addressed by contemporary development policies of Nepal. Considering the
importance of agricultural ecology for social-ecological sustainability and meeting the
Sustainable Development Goal of eliminating hunger by 2030, Nepali agricultural policies
should urgently recognise the need of agro-ecological restoration policy. It is expected that
the integration of migration and climate change adaptation policies with agriculture and
landuse policies to restrict farmland abandonment as well as provision of incentives for
agricultural restoration would benefit in this regard.
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1 Introduction

Impacts of climate extremes manifested through natural hazards such as floods, cyclones,
hurricanes and droughts are felt by people across the globe (IPCC 2012). Nepal is not an
exception in relation to climate change impacts; rather, it is experiencing an abrupt level of
alteration in climate system (Pandey 2016a) and associated implications. So the country is
listed as the fourth extremely vulnerable country in the world in terms of climate change
impacts.' Global temperature has risen by as much as 0.85 °C between 1880 and 2012; the
projected rate of warming for the twenty-first century is 1.5 °C relative to 1985-1900
(IPCC 2013), while warming in Nepal and the Himalaya is remarkably higher, up to
0.06 °C per year on an average, than the global average (Shrestha et al. 1999, 2012). The
rates of change within Nepal are variable spatially, ranging from 0.029 °C per year at
Meghauli in the Tarai” (Pandey 2016b), 0.0.07 °C per year in the Middle-Mountains at
Daman and 0.27 °C per year in the high Himalaya at Lamgtang (Chaulagain 2006).’

The IPCC (2014) stated that no one in the globe would remain ‘unaffected’ by the
impacts of ‘unequivocal’ warming of the climate system. Agriculture is the way of life of
billions of the poor globally, and South Asia is the hub of poor farming households where
lives of hundreds of millions of people are dependent on agriculture (Aggarwal and
Sivakumar 2011; Thapa et al. 2013). By its nature, agriculture cannot escape climatic
vagaries. However, effects are complex and uncertain, particularly in reference to the
questions such as when, where and how climate change affects agricultural production (Lal
2011b). The adverse impacts of climate change on agriculture are expected to exacerbate
poverty that would challenge food security in subsistence farmers and may encourage for
environmental migration.

Climate change implications on agriculture vary with the societies’ ability to respond to
the impacts. Researchers reported that the places where the majority of poor and hungry
people are concentrated coincide with the places having higher level of climate change and
associated impacts (Adger 2006; Mendelsohn et al. 2007; Holly et al. 2012). This indicates
that being poor means an inability to respond climate change impacts but suffer the most.
One of the UN Post-2015 Sustainable Development Goals (SDGs) is to eliminate poverty
and hunger by 2030. It is well articulated that economic growth, particularly growth in
agricultural income, is important in reducing hunger in developing countries (Cervantes-
Godoy and Dewbre 2010). In this regard, without increase in agricultural production the
goal of eliminating hunger is not attainable. Furthermore, as agriculture is a climate-
sensitive livelihood option, the agriculture of poor communities has suffered from reduced
investment in climate-sensitive agricultural infrastructure (Pandey 2016b). The negative
impacts of climate change on agriculture would directly affect the objective of eliminating
hunger in Nepal. In this context, it is important to conduct a study on climate change
impacts on agricultural ecological system and provide feedback for appropriate agriculture
policy that would help the country progress towards meeting one of the SDGs, i.e. zero
hunger by 2030. In this context, this research intends to answer the research questions such

! https://maplecroft.com/about/news/ccvi.html Accessed on 14 July 2017.
% Between 1971 and 2010.
* Between 1971 and 2000.
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as what sort of impacts of climate process and climate events on agro-livestock-based
livelihood systems of the study area are experienced by studied population? Is the share of
agro-livestock activity in household livelihoods changing over time?

Impacts of climate change on agriculture have prompted global concern, which are
exhibited by various studies (Reilly 1995; Parry et al. 1999, 2005; Howden et al. 2007;
Adger 2010; Rosenzweig 2011; Grasso and Feola 2012; Yufang et al. 2012). The literature
indicated that the level of impacts of climate change differs with local biological condi-
tions (soil content, type of crop) and management practices (Parry et al. 1999, 2005). They
also vary with the objectives of agriculture (commercial vs subsistence) and the intensity of
changes in climate system (warming, drought, precipitation, storms and their seasonal
variations). The cumulative outcomes of the impacts are wide. Few of the frequently
reported impacts are: changes in agro-ecological zones, changes in soil moisture and
changes in timing and length of growing seasons, as well as availability of water, demand
for irrigation and increase in fallow land or new land being brought under cultivation
(Rosenzweig and Parry 1994; Hulme 1996; Darwin 2001). Such studies in Nepal, in
general, are lacking on the one hand and the socio-spatial diversity of country demands for
many location-specific studies on the other. In addition, Nepal has rich policy mechanism
as there are over 10 policies, 18 acts, 9 regulations and 8 orders talking about agriculture.
However, implementation issue is so weak that every new policy repeats almost the same
objective and same indicators of the recently completed one. One Village One Product
(OVOP) has been emphasised since long, which does not actually address the issue of food
security that Nepal is facing. Majority households in Nepal are marginal holders who own
less than 0.5 ha of land, followed by small holders having less than 2 ha. Furthermore, their
farm-plots are located apart due to inheritance. However, policy clauses ask for consoli-
dation of small farm-plots and make larger than 18 ha so farmers collectively get subsidies
for irrigation infrastructure. Such clauses make it difficult to increase irrigation even in the
Tarai as consolidating small plots is often unpracticable. Furthermore, The issue of land
reform is getting its place in political debates and some 35 commissions have been formed
and provided their recommendations in the last half-century in Nepal. However, none of
the recommendations are executed yet. All of these show failed implementation mecha-
nisms of Government of Nepal, particularly in relation to agricultural and land reform
policies. In this context, this study explores agro-ecological impacts of climate change in
the Middle-Mountains of Nepal with a case observed in Lumle Village, Kaski, to provide
specific feedback for appropriate policy intervention.

This paper is divided into five sections. The first section introduces the issue of climate
change and its agro-ecological implications in general. The second section provides a brief
review of the literature in relation to the concept of agro-ecology and existing knowledge
on agricultural implications of climate change. Methods used in this research are presented
in the third section, while fourth section discusses results. At last, the paper provides
concluding statements.

2 Concept of agro-ecology and the issue of climate change impacts

Agricultural ecology is a scientific (it is also used as a movement or as a practice, see
Wezel et al. 2009) study of agro-ecosystems. An agro-ecosystem includes but is not limited
to communities of plants, animals and microorganisms interacting with their physical and
chemical environments under human-controlled system that produce food, fibre, fuel and
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other products for human consumption and processing. OECD (Agro-ecology, Glossary of
Statistical Terms) defines agro-ecology as the study of the relation of agricultural crops and
environment. This definition seems to be simple and can be elaborated since the agriculture
and environmental interaction includes a number of components and their functioning such
as farmer, technology, investment, land and soil, animals, and natural environment, in
relation to the landscape of a place and politico-administrative functioning of a country.
Gaba (n.d.) defines agricultural ecology as an application of ecological concepts and
principles for the design and management of sustainable agro-ecosystems, while Wojt-
kowski (2002, 2006) defines agro-ecology as a human-governed system of interaction of
organisms within planned and managed environments, mostly in terrestrial environments.
So it is different from natural ecology.

Agro-ecology, in general, studies four major components of agro-ecosystems, namely
productivity, stability, sustainability and equitability through an interdisciplinary lens.
Agro-ecological impacts of climate change are socially constructed. Therefore, the climate
process and climate events affect the agro-ecological systems in reference to the level of
sensitivity of agro-ecology, stress of the change and the responses made by socio-political
and economic institutions of affected area/community. This study focuses on climate
change impacts on agriculture in reference to human—environmental interactions in Lumle
Village that aimed to meet the goal of household food security. Therefore, in the present
context, agro-ecology is a complex praxis derived from the theories of social-psychology
and human intensions, which are not well predictable (Pandey 2016b). In the uncertain
human praxis, the new driver such as ‘anthropogenic climate change’ has further impacted
the agricultural system, challenging people to meet the economic goal of agriculture. The
scope of this paper is to focuses on agro-ecological implications of climate change rather
than elaborating the concept of agro-ecology. Therefore, existing knowledge on climate
change impacts on agriculture is briefly reviewed here.

Climate change impacts can be understood through the risk associated with and vul-
nerability created by climate change in agricultural sector. The risk is the potentiality of
harmful events, while vulnerability is the degree to which the agriculture is likely to suffer
(Brooks et al. 2005). Adverse risks directly or indirectly lead to vulnerability, so agri-
cultural impacts of climate change are associated with the ability of agriculture system to
cope, adapt and recover from extreme weather events and hazards. In this paper, the state
of susceptibility of agricultural system (sensitivity) to be harmed from exposure to extreme
weather events (stresses) and its inability to adapt with such events (adaptive capacity) are
defined as agro-ecological vulnerability (Adger 2006; IPCC 2007).

The global climate change trends have already demonstrated their impacts on agricul-
ture (Howden et al. 2007). However, many impacts are still uncertain and are spatially
different. Agricultural damage due to climate change can be expected globally (IPCC
2012) with a larger loss at lower latitudes of tropical developing countries such as Sub-
Saharan Africa and South Asia, while increased greenhouse gases (GHG) can expand the
yield at high and mid-latitudes and altitudes (McCarthy et al. 2001; Cruz et al. 2007).
Although there are many uncertainties, it is expected that agriculture and food production
at global scale would be manageable (Reilly 1995; Parry et al. 1999). However, the
demand and supply of agro-production might be affected by other elements together with
climate change (Rosenzweig 2011).

Ciais et al. (2005) identified major loss of crop production even in mid- and high
latitudes such as in Europe due to the heat wave and drought of 2003, indicating that
excessive warming and climate change not necessarily produce positive results in high
latitudes and altitudes either. Heavy and frequent precipitation events damage crops,
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increase soil erosion and cause water logging in cultivated land, while drought can lead to
land degradation, lower yields, crop damage and crop failure; increased temperature and
drought can also lead to livestock deaths (McLeman and Smit 2006; IPCC 2007; Barbier
et al. 2009; Grasso and Feola 2012). Increased temperatures and CO, concentrations can
also lead to a decline in grain quality (Hocking and Meyer 1991; Ziska et al. 1997; Oh-e
et al. 2007) and alter crop—pest interactions and pest’s distribution, further leading to crop
losses (Lal 2011a; Macchi 2011; Pruneau et al. 2012; Ramirez-Villegas et al. 2012; Paudel
et al. 2014; Bhatta et al. 2015). In addition, climate change can alter the stages and the rates
of development of the pathogen, modifies plant resistance and results in changes in the
physiology of plant—pathogen interaction (Coakley et al. 1999). Limited studies also
indicated negative impacts of climate change on stability, utilisation and access to food as
well (Schmidhuber and Tubiello 2007), though uncertainties remain in regional context
(Reilly 1995). For examples, estimations indicate that crop yields could decrease up to
30% by the mid of the twenty-first century in South Asia, even if the direct positive
physiological effects of CO, are taken into account (Cruz et al. 2007; Aggarwal and
Sivakumar 2011). An agricultural research study in Nepal showed a marginal increase (up
to 7%) in rice yield when the temperature rises up to 4 °C with a rainfall rise of 20% but
reduced maize production (Oxfam 20009).

The studies conducted in various parts of Nepal have shown different kinds of impacts
of climate change on agriculture. Some of the examples include but are not limited to
elimination of agro-biodiversity; tropical and warm-temperate crops becoming more fea-
sible at higher altitudes (Dahal et al. 2009); and increased crop-livestock diseases and
pathogens as well as increased farm weeds and invasive species and associated production
loss (Paudel et al. 2014; Bhatta et al. 2015) together with farmland abandonment (Paudel
et al. 2014; Chapagain and Gentle 2015). The unique traditional knowledge, socio-eco-
nomic activities and social systems of Manangis have been facing pressure for change due
to climate change and rapid melting of glacier (Chaudhary et al. 2007). The other research
maintains that resource degradation, food scarcity and lack of basic services with the
course of climate change have significantly challenged rural communities’ livelihoods in
north-western mountains of Nepal (Onta and Resurreccion 2011; Gentle and Maraseni
2012). Reductions in crop yield, increased crop pests and diseases, and farm weeds due to
increased drought and reduced water availability, as well as increases in extreme rainfall
events are at the forefront of the livelihood vulnerability of poor farmers in Nepal (Chhetri
and Easterling 2010; Ghimire et al. 2010; Gentle et al. 2014; Palazzoli et al. 2015). In this
background, present study analyses the perceived impacts of climate change on the state of
mountain agriculture of Nepal with a case example from Lumle Village, Kaski, Nepal.

3 Methods®
3.1 Study area
This study was conducted in Lumle Village cluster in Kaski District of Nepal (Fig. 1).

Lumle’ is located in the Middle-Mountains in the central part of Nepal between 988 masl
to 3667 masl (Human Settlements). The village is a part of the Annapurna Conservation

“ Parts of this section overlap with original unpublished Ph. D. Thesis (Pandey 2016b) since the paper used
information from the same project.

5 Data used here are from VDC Profile of Lumle 2067BS (2010) if particular source is not given.
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Fig. 1 Location of study area in Nepal and Lumle Village

Area Project (ACAP), which is aiming at harmonising physical nature and human com-
munities. The population of the village is 4258 (2348 females) in 1056 households with an
average household size of 4 persons and sex ratio of 81.4 males per 100 females. Long-
term weather records (1971-2010) at the Lumle Meteorological Station show average
mean values of 20° Celsius for maximum temperature, 15 °C for minimum temperature
and over 5400 mm annual precipitation (Pandey 2016b).

The VDC is inhabited by different castes® and ethnic communities such as the Brah-
mins/Kshetries, the Magars, the Gurungs, the Newars and the Dalits. Most of the land is
covered by forest (over 68%), and agricultural lands make up only about 17%, and
bushland and meadows cover about 5% of the total area (Village profile of Lumle 2067).

Some of the settlements in the village are electrified through local micro-hydropower
projects, and some of the other are connected to national grid. The source of household
energy for cooking is firewood and for light is electricity. The village is connected by a
regional highway (Pokhara—Baglung), but many settlements within the village lack access
to the road network. The nearest city (Pokhara) is about 25 km away from Lumle cluster.
In such an environmental context, the agro-ecological system of the village is exposed to
rapid climate change and experienced different impacts.

6 Castes are endogamous divisions of society in which membership is hereditary and permanent (Berreman
1972). Caste has been an element in the social structure of Hinduism categorised based on the occupation,
believed to be practiced since the Licchavi period (AD300—ca. 879).
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3.2 Climate change scenario in the study area

The climate of Lumle area is changing rapidly. Table 1 shows level of changes in various
meteorological variables recorded at Lumle Meteorological Station for the last 4 decades
(1970-2010). The annual average of maximum temperature of Lumle is increased by
0.059 °C per year, and the linear regression coefficient shows the change being statistically
significant (at 95%) with p = 0.000. This change is also significant in nonlinear exami-
nation of change investigated through the rank correlation test (the Mann—Kendall) at 99%.
Other weather elements those experienced significant alternation are annual average of
extreme maximum temperature, extreme minimum temperature and extreme rainfall
events of >50 mm and >150 mm per 24 h. The alternation of weather variables in seasons
rather than in annual average can have higher level of implications in agricultural ecology.
Therefore, changing pattern of seasonal climate of Lumle is also analysed here. The
findings indicate that the summer season followed by spring and autumn experienced
higher level of changes, while alteration in winter is the least in general. However, in case
of seasonal maximum temperature, winter season has the highest rate of warming that is
0.069 °C per year. This finding indicates the possibility of grave implications of climate
change on agro-ecological livelihood systems of the study area.

3.3 Sampling procedure and sample size

This research has adopted both representative and non-representative sampling techniques.
Lumle cluster is purposively selected considering the village being located at the highest
rainfall regime of Nepal. A representative sample size of 144 was obtained from the total
households (N = 1056) using 10% error (e = 0.1), 99% confidence level (signifi-
cance = 0.01) and 50% of estimated probability of success (p) to collect household per-
ception on climate change impacts. As few of the sampled households refused to
participate in research, the actual sample size rested on 141 households. Among the
sample, 28.4% (40 households) had women as the head of households so were the
respondents. The households for face-to-face interviews were randomly selected from a
lists of households prepared in consultation with the village secretary and key informants.
In the absence of the household head, an adult member of the household was the
respondent and proportion of such informants was about 10%. The dominant (87.9%)
respondents were 30-74 years of age, followed by 8.5% young adults (below 30 years) and
quite a little (3.5%) being senior citizen (75 years of age or above).

Purposive sampling that selects information-rich respondents is more relevant to collect
qualitative information (Patton 1990). Therefore, for Focus Group Discussions (FGDs),
Key Informant Interviews (KII) and Historical Timeline Calendars (HTC) as well as to
construct Crop Calendar, the sites and participants were sampled purposively. A total of 9
FGDs, 3 HTC and 20 KII were conducted, and 2 Crop Calendars were constructed to
obtain the information on public domain. Considering a small spatial unit of the study area,
a rich information was collected, although not all of the data and information are utilised in
this paper.

3.4 Method of data collection and analysis

Data on social demography, economic status and livelihood options as well as the climate
change impacts perceived by the households were collected through face-to-face interview

@ Springer



R. Pandey

228

cIro 1P8°11 920'— 0000 1200 L68°0  I€I'0 120°0 1€00  ¥00°0 uoneyidroard [ejor,
amjyerodwo)
9700 09¢°11 9600 0800 ¢€8C0 LLOO  9I8'I €8T 80L'T  C0T'¢ WNWIruI Suanxy
amjeraduo)
Iv1°0 6L01 8¥1°0 0LT'0 CIYO 8000 98LC 14 8691  0¢LV wnuwrxeur suwenXy
6000 OIL'TT €00'0— <Tco0  SI'0 96¢€0  +£6'0 osT” €9LC  186C amjeraduwe) wnWIUTN
6900 006 LOY0 o S90 %0000  89T°S 059’ 43N 1L0°9 Qnjerodwo) WNWIXBI
IQUIAN :SQSUBRYD [BUOSEIS
wuw (OS] < SJUIA
€700 6S0°TT S01°0 8CI'0 8S€0 %€C0°0  €79€°C 8LSE0 7SO’ T  6061°C [[ejurer SWanxy
wuw ()] < SJUAD
S60°0 Sev' 1l £70°0 8900 920 SOI'0 82991l 0920 1€91°0 LLO [[ejurel dwanx9 [enuuy
ww (g < SJUIA
LYLT0 6L6°01 811°0 Iv1°0  SLEO *L10°0  €¥6¥'C ISLEO0 Y0€0 T8SL0 [[eJUTBI SWANXI [enUUY
9¢0'0— LTY'TI €20'0— €000 €S00 LYL0 8¥YCE0— 97S0'0—  SET'0  8EV0'0— skep Kurex ejo],
09L 1 61€° 11 £90°0 L80'0 ¥6T°0 €900 +868'1 €r6C°0 1€00°0  6S00°0 uoneydoaxd [ejof,
amjeraduo)
8¢0°0 986 16C°0 60€0 9SS0 %0000  60CI'Y 866S°0 88€6'l  9686'L Wnuurr WXy
armjeroduroy
w00 €206 0¥°0 0cr'o  8¥9°0 %000'0 90¥C'S LLY90 79161 €700l wnuwixew suenxy
S00°0 769°11 100°0— 200 8SI'0 62€°0 6L860 8S1°0 86C6't  POLSV drjeradwa) wnwiuiy
6500 61v'L L6S°0 8090 8L°0 %0000 €I1L9°L S6LLO 8IYE T  S€6T 01 Qrmjesodws) WNWIXEA
S9[qELIBA [BOIS0[0I09JoW JO IFBIJAR [BNUUY
1eak 1ad QrewiIse A JOLID
J3ueyd jo sajey 9y} JO I0IIR 'piIS  pasnlpy Y Y g IS q
(19AQ] 20udpyuod SJUSIOYJI0D SJURIOYJO0D
LSANIT Arewwuns [9poj 9%66) SIS 1 pasipiepuels pasipiepue)su) SO[qeLIBA [BO1S0[0I0IA

juopuadop—sjuaroyjooo uorsserSor eaur) [edoN ‘UOTEIS [EOISO[OI0AI Q[WNT JB

(Teok = o[qeLreA

SJUSWID[O IAYJEom SNOMEBA UI SoSURUD [BUOSBAS pUB [enuue Jo sAey [ dqel,

pringer

Qs



229

Farmers’ perception on agro-ecological implications of...

100°0 9¢8°TI §C0'0— 1000 S€00 6280 8ITO Sge00 €y ¥96°0 drjerodwa) wnwiuiy
€900 119'8 LSO ILY'0 L8890 %0000  0T8'S L89°0 8LTT  Ob¥'L armjerodwe) wnwrxey
uwnny :SoSueyd [EUOSBIS
LEO0 STL'TI 9000— 0200 1I¥I°0 G8€0  6L8°0 184 N0] 2190  8¢S°0 skep Kurer [ejo],
L1S01 €ee Tl 0900 800  6C0 6900  IL8'T 0620 7000 8000 uoneydand elo],
armjeroduroy
LSOO SI¥°01 90C°0 LTTO 9LV0 %C00'0  LEC'E 9Ly 0 ELT'T  9I6°¢ WU WD XH
amjeraduo)
8¢0°0 Y101 o w0 16v0 *1000  6LV'C 16¥°0 6LL'T 0619 WNWIXeW WXy
6100 SS6°6 SLTO €600 TFS0 %0000  €L6°E wso 9¢8'¢  ITeSIT anjerodwe) WNWIUTIA
9700 S0t'8 £81°0 96¥'0 SOL0 %0000 6119 SOL0 ILLT L8801 Qnjerodwo) WNWIXBIA
Jowwng :saSuBYD [BUOSBAS
600'0— [Nt 9720'0— 0000 <100 w60 vLO0— ¢100—  €IT0  9100— skep Kurex ejo],
06¥'¢ SSO'T1 9000 €00 8LIO €LTO0  CIl'T 8LT°0 8000 6000 uoneydoand ejo],
amnjeraduo)
LY0°0 0LS 01 781°0 €020 1IS¥0 *£000  SIT'E 16¥°0 Y0€'T  090'v WNWIUTE QWLNXH
amjerodwo)
0500 125401 0020 1CC0  L¥0 %C00'0  C8CT'E 0LY0 STl 9L9Y wnuirxew awanxy
L000— SLL'TI SI10°0— 1100 SOI0 1260 8¥9'0— SOI'0—  €ev'T  LLST— dameroduwid) WUy
LSOO 9€6'6 8LT0 9620 ¥¥S0 %0000  666°¢ S0 €0¢’1 11TS Qrmesedwis) WNWIXEA
Sunudg :seSueyd [euoseag
S000— ev8 11 920'0— 0000 100 66’0 1900— 0100— 00€0  8100— skep Kurer [ejof,
1eak 1od Jewnse Y 10119
aSueyd Jo so)ey Ay} JO IOl ‘PIS  paisnlpy .Y Y, rlog IS g
(19A9] Q0uapyuod SJURIOLYJI0D SJURIOLYJI0D
LSANIT Arewwns [9pojA 9%66) SIS 1 pasipIepue)s pasIpIepue)su() S9[qeLIeA [eJISO[0IOIN

panunuod [ dqe],

pringer

As



R. Pandey

230

Q9107 Aspued :22.41n08

00> SI an[eA Ay} Se 9,66 e 23ueyd Juedyrugis A[[eonsnels,

SLO0— €Ll 9000— 0200 T¥I0 18€°0  L88'0— wwl'o— €00  69C0— s&ep Aurer [ejo[,
12L0 °e81l ¥20°0— <2000 ¥¥0°0 L8L0  TLTO 700 0100 €000 uoneydoard [ejo],
amjerodwo)
120°0 €8T 11 6900 2600 ¥0€°0 960°0 8961 ¥0€°0 wee Tvy wnwiui duenxy
armeraduwd)
S¥0°0 L89°6 €1e’0 1€€0 SLSO %0000  9¢€V SLSO 999l ¥CTL wnwixeul SwanXy
1eak 1od Jewnse Y 10119
a3ueyo jo sajey  AY) Jo Joud PIS  pAasnlpy .Y b4 elog PIS g
([AQ] 20UaPYU0D SIUDIOYFI0D SIUDIOYFI0D
Arewwuns [9poA %66) ‘SIS 1 pasipiepue)s pasipiepuejsu) S9[qeLIRA [BOISO[0I0AIA

LSANIT

panunuod [ dqe],

pringer

Qs



Farmers’ perception on agro-ecological implications of... 231

with the household heads of sampled households. The Guttman Scale and Scores (also
called scalogram) are useful tools to measure attitudes and opinion in unipolar measure-
ment (Hays and Ellickson 1990-1991; Abdi 2010; Blouin n.d.; encyclopaedia7). Therefore,
the perceived climate change impacts in the last one decade were collected using a unipolar
scalogram. The level of impacts was recorded and scored in a 1 to 5 scale (1 = little bit,
2 = moderate, 3 = high, 4 = severe, 5 = profound). Such face-to-face interviews with
household heads lasted for about an hour.

Furthermore, the informants at FGDs and HTC discussions, KI interviews and Crop
Calendar construction were the adult members (30 + years of age) of the communities, who
were recognised as public figures or community leaders of different fields by the members of
the respective communities. They were, in particular, the prominent farmers, executive
members of resource management/user groups (such as forest, water supply, irrigation) and
executive members of community-based disaster management committees. In the case of the
HTC, the participants were the elderly members of the communities, who were mostly above
the age of 60. The FGDs had 10 to 12 participants in general with some exceptionally larger
groups of over 30 participants. Discussion in such a big groups lasted for about 3 h, while on
smaller groups, it lasted for one and a half hours. Similarly, the HTC discussion and
preparation of crop calendars lasted for an hour each in general. The author, together with
three field assistants, graduated in social sciences, conducted field works for 10 days in
Lumle. Primary data were collected in April 2013, and Nepali language was used in the field.
Qualitative information was used to supplement household data. The qualitative information
is narrated in the form of story-telling in the text whenever felt relevant.

To analyse quantitative data, each household was assigned a unique code and data were
digitised into SPSS software. Such coding provided an opportunity to disaggregate data at
the household level and re-aggregate at different categories as required for particular theme
of analysis.

For the analysis, different levels of responses collected in a unipolar 1 to 5 scalogram
were transformed into a single category to get the ‘normalised responses’. The normalised
response (percent) = (total score of actual response/total of the highest possible score) *
100 was used where the ‘total score of actual response’ refers to the cumulative score of the
particular level of response from all the respondents (number of respondent * level of
response); the ‘total of highest possible score’ denotes the total score of all the respondents if
they have scaled their response to ‘5’ in a particular question (total respondents multiplied
by the highest score of 5), whereas 100 is the ‘constant’ applied to calculate percentile. The
results are presented mostly in the form of charts using descriptive statistics. As this paper
focuses on agro-ecological implications of climate change, the perceptions of respondents
on climate change impacts are tested against social-demographic and economic variables of
households using Chi-square test to identify the association among them.

4 Results and discussion
4.1 Means of living in Lumle

Rural Nepali households generally rely upon a range of on-farm and off-farm activities for
livelihoods. So they sometimes puzzle outsiders. However, it is interesting to note that

7 Viewed 22 September 2014 <http://www.encyclopedia.com/topic/Guttman_Scale.aspx#sthash.y 1 PaZjGs.
dpuf>.
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despite exploiting multiple sources of livelihood options and farming being contributing
only for a small share of household livelihoods, rural Nepali households often report
‘farming’ (Krishi) as their principal occupation (Pandey 2016b). Farmland, hence, con-
tributes little to the household livelihoods, yet the most people want to keep it as a safety
net even if they are not practicing farming (Subedi et al. 2007a).

4.1.1 Occupational status of population

Figure 2 shows occupational status of households in Lumle. Among the options, a com-
bination of cropping and livestock is adopted by 31.7% of population, while those engaged
in activities supplying cash income such as foreign employment, wage labouring and
business/entrepreneurship were 10.6, 9 and 8.2%, respectively. A significant part of the
population (30.6%), mostly the young, are studying as well as helping with household
chores. Although such help may not be accounted as an income-generating activity,
engagement of students and minors in household chores is typical in Nepali rural house-
holds that makes it possible for working adults to allocate time for outdoor work and
generate income or resources for household (Subedi et al. 2007b; Pun et al. 2009). The
assistance these minors and students offer to the households makes a significant contri-
bution to sustain agro-based livelihood systems in Lumle as well.

4.1.2 Land holding pattern, cropping intensity and irrigation

Inheritance practice in the country has given access to land to 70.6% of the country’s
households (CBS 2013). The proportion of households with land in Lumle is even higher
(above 97% households), although majority of them are marginal (over 50%) and small
holders (over 45%) with mean size of holding being 0.63 hectare and standard deviation of
0.56 ha. There is remarkable variation in land ownership pattern by gender of household
heads that of the total, only 18.4% households has land registered under women’s name.
Such ownership is minimal in terms of size that over 70% women-headed households are
marginal holders, while corresponding proportion of marginal holding men-headed
household is less than 40%. Notwithstanding the predominance of owner—cultivator
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Fig. 2 Occupational status of population by type of occupation in Lumle, Nepal Source: Field Survey, 2013
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household, complex tenancy arrangements are also common in Lumle, with 29.1% of
households being landlords and 28.4% tenants. This indicates that most rental arrange-
ments involve only part of a household’s land.

The size of land available to households in the study area was generally insufficient to
secure livelihoods through agro-based activities alone. The quality of land in terms of
cropping intensity and availability of irrigation also affects farm outputs, and both are
generally poor in Lumle, the former being relatively and latter profoundly weak. Cropping
intensity of Lumle is 264.4% (two and a half crops) per year, while irrigation is minimal
that less than 3% cultivated land has access to year-round irrigation.

Climate change is expected to increase the growing season in the high altitudes (Cruz
et al. 2007). Some farmers of Lumle also reported such increase by a few days on an
average. However, this increase is not sufficient for another crop, but the crops at higher
altitudes are reaping earlier. Nevertheless, the households are not utilising all of the
growing season due to the lack of irrigation on the one hand and decline in winter rainfall
on the other. Furthermore, crop depredation by wildlife, higher wage of farm labour and
poor farm output compared to the cost of farm input are other causes that are discouraging
farmers to continue farming activities.

Since farming as a source of living is weak in Lumle, households are keeping some
livestock and poultry. Livestock is a part of agriculture that forms integrated farming, and
it is an integral part of crop farming in Nepali rural communities. Livestock such as cattle,
buffaloes, goats, sheep, as well as poultry are an integral part of livelihoods in farming
communities since they supply dairy and meat products for domestic consumption, manure
for better farm production and earn cash through draught power. Selling livestock for cash
is also a common coping strategy for rural poor households during periods of livelihood
stress (Subedi and Pandey 2002; Davies et al. 2008). A lack of livestock can act to trap
poor people in chronic poverty cycles (World Bank 2001; CPRC 2004). Of the total, 87.2%
households of Lumle are keeping either only livestock or some poultry together. Buffaloes
and oxen are the major types of livestock raised by the households. However, the number
of livestock they are keeping is nominal. They are keeping 1.6 heads of buffaloes, 1.4
heads of goats, less than 1 head of cows and oxen and 4.1 heads of poultry.

Small size of landholding, poor irrigation and underutilisation of available cropping
intensity as along with a few livestock have made households of Lumle poor. Their
perception on household economy, however, is not that worse since there is a predomi-
nance of middle class (71.6%), followed by poor (17%) and upper-middle-class (8.5%)
households. Few of the households reported themselves as affluent (only 1 household) or
ultra-poor (3 households) out of the total 141 households.

Multiple occupations adopted by household members are positive aspects of household
livelihoods in Lumle. They provide resilience if one income source fails. So far the
discussion focussed above indicated weak, agro-livestock-based livelihood system in
Lumle, so is further implicated by changing climate.

4.2 Agro-ecological implications of climate change

The changes in climate system have notably impacted agricultural ecological system of
Lumle, and many of the respondents have perceived some of the primary and secondary
impacts. A few of the visible and mappable impacts associated with various climatic
elements observed by the respondents are discussed below.
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Fig. 3 Households perception on primary impacts of climate change in Lumle, Nepal Source: Field Survey
2013

4.2.1 Flood and landslides on farmland

Floods and landslides have seriously affected the agriculture of study area. Of the total,
normalised proportion of 66.4% respondents perceived increased floods and landslide and
associated implications into agricultural ecology in Lumle (Fig. 3). According to farmers,
the frequency of floods is decreased; however, the intensity is increased that have put
severe impacts. Among the different levels of perceived impacts, 38.6% of respondents
expressed profound level of impacts of summer floods and landslides, while 23.6 and
17.9% respondents reported severe or high level of impacts. As stated by research par-
ticipants, excessive flooding, landslides and soil erosion might have caused severe loss in
farm production in Lumle as one study in Nigeria reported that 1 cm of soil loss caused a
reduction in the yield of maize by 75% (Lal 1990).

Informants of HTC conducted in different locations in Lumle reported that floods and
landslides have swept away a notable size of farmland and have killed a number of
livestock in the last decade. According to them, the recent major floods were occurred in
2003, 2007 and 2011. Modikhola is the major river located in the western boundary of the
village that damaged a large size of farmland that the FGD participants estimated a loss of
over 800 Ropani® (nearly 40 ha) of farmland in those extremely wet years. All the flooded
farmlands have been transformed into barren land, and no agricultural activities have been
restored. The research participants emphasised that this involuntary landuse change has
negatively implicated into agriculture and livelihoods of Lumle. The participants of FGD
also mentioned that damages on drinking water and irrigation infrastructure, and houses
and livestock sheds due to floods and landslides are common in each monsoon. The
analysis of perception data indicated significantly increased extreme rainfall events of 50
and 150 mm per day in Lumle (Table 1), which also supports peoples’ perception on
increased summer floods and associated impacts in the study area.

4.2.2 Changed nature of rainfall and increased intensity of drought

Perceived impacts of changed nature of rainfall (changed onset of summer monsoon,
increased erratic rainfall events and decreased winter rainfall) and increased intensity of

8 Ropani is land measurement unit practice in the Middle-Mountains and in the Trans-Himalaya, 1 hector
consists 20.7555 Ropani.
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drought are presented in Fig. 3. The normalised proportion of 62.9% respondents reported
an increase in negative impacts of changed onset and retreat of summer monsoon. The
proportion of respondents who expressed profound level of impacts of changed onset and
retreat of monsoon is 40.7%, while 22.1% respondents have evaluated the impacts being
severe. The FGD participants reported delayed onset and early retreat of summer monsoon,
although daily rainfall data analysis does not significantly support peoples’ perception
(Table 1). Rather, the onset of monsoon has become irregular that it is arriving early in
some years, while it is late in other (Pandey 2016a). The farming households’ perception is
seemed to be shaped by recent phenomenon although in the last 4 decades, arrival date of
summer monsoon at Lumle is deviated by a month.

People have also perceived increased impacts of erratic rainfall events as well in Lumle.
Normalised proportion of 78.8% respondents reported increased impact of erratic rainfall
events, while other 51.4, 27.1 and 10% respondents evaluated the impacts as being profound,
severe and high. Meteorological data analysis also supports respondents’ perception that
there is a significant increase in erratic (extreme) rainfall events (Table 1). Furthermore,
normalised proportion of over 70% respondents reported negative implications of decreased
winter rainfall. Precipitation data analysis also shows decreased total rainy days in winter,
although the change is not statistically significant. Out of the total respondents, 47.9%
reported a profound level of negative implications of decreased winter rainfall in agriculture,
while 22.9 and 9.3% respondents stated severe and high level of impacts, respectively.

Increased impacts of droughts are also reported by many respondents that proportions of
households reporting the increase are about 80% (normalised proportion), followed by
58.3% reporting profound level of impacts. Other 20.9 and 9.4% respondents reported severe
and high level of impacts of drought in agriculture of Lumle. The respondents also reported
the changes in the nature of rainfall. The rainfall in the past used to be smooth and for a
longer period that used to be facilitative to supply irrigation water. Rainfall events in these
days were observed to be rain showers just for several minutes that create flash floods. Heavy
surface run-off neither encourages infiltration and ground water recharge nor supports for
irrigation systems. Rather, it harms agriculture and farming activities in many ways such as
by flooding, siltation, erosion and by reducing the capacity of irrigation infrastructure as well
as reduces the capacity of natural environment to provide ecosystem services.

The implications of droughts are neither small. Draught events of some 1-2 weeks are
spelled even in monsoon period in recent years, reported the research participants of
Lumle. Such dry periods in monsoon often affects rice transplantation, while pre-monsoon
drought severely hits corn fields and rice seedling. The devastating impacts of climate
change in agricultural ecology of the study area caused abandonment of a notable share of
farmland (as of peoples’ estimation, it goes over 70% of farmland in winter). The par-
ticipants in FGDs also stated that:

... there is no need of sowing seeds in winter as it cannot germinate in time because
of moisture shortage in soil. No rainfall in November has affected sowing the winter
crops, and heavy rain in February and March affected ready-to-harvest winter crops.
In reality, the rain that helps crop production is decreased while that harms is
increased...

This claim of research participants seems to be consistent with the result obtained from
analysis of precipitation data that there is no specific trend of change in annual
precipitation, but annual rainy days are decreased, inhibiting that heavy rainfall events are
increased. Wheat and maize are the highly affected crops due to such irregularities in
precipitation in the study area.
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As households are withdrawing agriculture activities, the lands are transformed into
barren land and are encouraged for natural growth of invasive species. The decrease in
winter, spring and pre-monsoon rainfalls are reported to be the major causes of farmland
abandonment, while labour migration has cyclical effect on farmland abandonment
(Pandey 2017). Informants reported that winter rain, including snowing, is shifted to early-
spring and post-monsoon rainfalls are extended to August through September. Also, the
post-monsoon (autumn) rainfalls are becoming ever heavier. Although analysis of seasonal
rainfall data does not strongly support these claims, there is conflicting information that
few research participants also reported shrinking of monsoon period. The precipitation data
analysis demonstrates irregularity in rainfall pattern in Lumle since there is no statistically
significant trend in either direction (Pandey 2016a); respondents might have perceived and
interpreted such nonlinear pattern variably. Yet, the implications of variable rainfall are
complicated and wider than late eruption to early drying-up or reduced flow of natural
springs, which is interfering traditional crop calendars together with secondary and tertiary
effects in ecosystem services.

Farmers of Lumle often expect timely onset of summer monsoon. Therefore, they sow
paddy seedling. However, as seedling get ready to transplant, delayed onset of monsoon
causes maturity of seedling if not burned and died of drought. The matured seedling
ultimately reduces production even if better rainfall is received in later period. Also freshly
transplanted rice fields develop cracks due to drought, while heavy rainfall in September
damages blooming rice. Furthermore, heavy as well as untimely/off-seasonal rainfall
events are experienced throughout the year that has affected the agriculture of all seasons,
and both no rain in cropping season and heavy rainfall during the crop blooming or
harvesting seasons cause severe crop loss. This study also obtained the information that
there is a detachment between crop calendar and rainfall calendar and farmers have not
been successful to adjust them due to unfavourable cropping seasons on the one hand and
experience of nonlinear weather pattern but not having reliable weather information on the
other.

4.2.3 Thunder and hailstone, and violent wind

Perceived impacts of hailstone and violent wind are presented in Fig. 3 that the normalised
proportion of 70.5% respondents reported increased impacts of hailstone. Among the total
respondents, 32.4 and 38.8%, respectively, felt that the impacts of hailstone and violent
wind increased drastically (profoundly), while 36.7 and 27.3% respondents reported the
impacts of the same being severe, respectively. Community people reported the increased
frequencies, intensity and off-seasonality of thunderbolts and hailstorms as well. The FGD
participants identified thunderbolts induced death of 3 individuals and some 10-12 live-
stock in the last decade within such a small village of Lumle. According to them, thun-
derbolts often damage house electrification systems and on-plugged electrical and
electronic devices. The causes behind such damage could be associated with not installing
earthing devices in electrification process since informants reported that there is a lack of
practice of installing earthing devices in rural electrification in the study area.

The FGD participants reported severe damage of crops due to excessive hailstones, and
they estimate that maize, spring paddy, summer paddy, fruits and vegetables are affected
the most and the loss of crops being more than 50% of expected total production in some
years. In some exceptionally extreme cases, such as in 2008 and 2012, the hails have
caused almost 90% loss of maize crop. The sizes of hailstones are so big that peal-out/
remove the skin of tree barks. The farmers of Lumle also identified the changes in the
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pattern, seasonality and nature of precipitation, thunder and hailstorm, and wind storms,
which in turn have remarkably implicated in agricultural ecology of the area. According to
them, hailstones are occurring even in night time, in mid-winter and in monsoon season,
which they claim that it is completely a new and abnormal phenomenon happening in
recent years. They also stated that such events were used to be more predictable earlier.
However, no predictable weather is observed in these years that challenged farmers to be
proactive to reduce the losses.

4.2.4 Increased invasive species, upward shift of plant and changed plant phenology

Increase in invasive species, changes in the vegetation types and composition, emergence
of new species, disappearance of old species and changes in plant phenology (changes in
the flowering and fruiting season) are associated with changes in temperature and rainfall
pattern and seasonality. Such changes in turn have both direct and indirect implications in
agricultural ecosystem. The farming households (normalised proportions of 76.4%) of
Lumle have experienced such impacts in their localities (Fig. 4). Among the total
respondents, nearly three-fifths observed profound level of increase and their altitudinal
extension of invasive species, while nearly one-fifth mentioned a severe level of changes.
Respondents also reported the changes in plant phenology that some plants are flowering
and fruiting some 2 weeks earlier particularly the Rhododendron (some 2-3 weeks earlier)
together with fruits like peach, pear, apricot, mangoes, kafal (Myrica esculenta), aaiselu
(Rubus ellipticus). The respondents referred the changes in precipitation (moisture) con-
dition and warming in temperatures as the factors leading to changes in plant phenology.
However, early flowering events are mostly unsuccessful or partially successful (flowering
but not fruiting, or reduced the quantity and quality of fruits/flowers), reported the research
participants.

The impacts of climate change on agricultural ecology are also associated with the
increase in invasive species. According to them changes in weather pattern in general have
facilitated emergence of several kinds of new weeds in farmland and in the forest as well as
in grazing lands. One of the widely reported invasive species of Lumle is Banmara

M Yes, Clearly Observed Often Observed
[ Occasionally Observed / It seems like that B Cannot Evaluate / Don’t Know
O Not Observed / No changes ® Normalized Responses
g 90.0
o 800 ® 808
§ 700 e 7604 ® 723 647 ® 745
2 i
3 58.3 540
ez 60.0 4-
5 500 ® 534
w
§ 400 =
5§ 300
(-3
2 200 —
(-9
10.0
0.0 T —7— - T
Increased Changed New Diseases in  New Insect, Period of Water Annual Life of
Invasive Species  Flowering - Livestock and Extended Shortage Water Sources
Fruiting Season Crops Habitat, Habitat  Increased Decreased

of Plants Shifted Upward

Fig. 4 Households perception on secondary impacts of climate change in Lumle, Nepal Source: Field
Survey 2013
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(Mikania micrantha), together with farm weeds like Nilogandhe (Ageratum houstonianum)
and Aalupate (scientific name unknown). Apart from the impacts of farm weeds in farm
production, research participants also reported decline production (natural growth and
opportunity for harvest) of high-valued medicinal and aromatic plants (MAPs) such as
Chiraito (Swertia chirayita), Panchaunle (Datylorhiza hatageria) and Satuwa (Paris
polyphylla) in the forest of Lumle area. The respondents assume that the causes are
abundant expansion of invasive species, particularly Banmara. According to the farmers,
the growth of invasive species is also promoted informally by nature conservation pro-
grammes such as Annapurna Conservation Area Project (ACAP) and community forestry
since they notably reduced human interventions in the forest that would have controlled
invasive species. These programmes together with changing climate encouraged for rapid
spread of invasive species which have notably influenced agro-livestock activities in
Lumle. Although there is no research evidences in Nepal on how conservation programs
have contributed for biodiversity conservation, as of the opinion of the respondents of
Lumle, and few literature reporting the same, it is understood that conservation programme
is mostly interested in forest biodiversity, which in turn caused notable erosion in agri-
cultural biodiversity in Lumle (Bardsley and Thomas 2005).

The respondents further reported reduced availability of quality fodder and forage for
herbivores wildlife due to increased invasive species in the forest. As a result, crop
depredation of wild animals has been increased. The reduced availability of quality fodder
also caused a notable reduction in livestock population in Lumle. Since climate change
influences the geographical distribution and growth of plant species and the magnitude
would vary depending on the growth pattern of species such as annuals vs perennials; and
agricultural crops vs natural vegetation (Coakley et al. 1999), the impacts on managed
system such as agro-ecology will depend largely on households’ ability to use available
knowledge, technology and financial resources to control negative implications. In the
context of poor ability of rural households of Lumle to respond the climate change impacts
(Pandey and Bardsley 2015), they are suffering from a heavy loss.

4.2.5 Crops and livestock diseases, emergence of new insects and changed habitat

New diseases including the pests and extended habitat (both seasonal and spatial) of insects
and disease vectors in livestock and crops with the course of climate change are expected
to increase (Parry et al. 1999; Howden et al. 2007; Rosenzweig 2011; Ramirez-Villegas
et al. 2012). Such changes often negatively implicate into agro-livestock system, and the
respondents of study area (normalised proportion of 80.8%) have reported such impacts.
Among the total, 64.7% respondents observe extreme or profound level of increase in
insect population and their changed habitats. The proportions of respondents who per-
ceived the problem being severe and high are nearly 14 and 9%, respectively (Fig. 4).
Farmers of Lumle think that increase in farm bugs, insects and disease vectors is due to
warming, decreased and changed seasonality of rainfall. As the increase in maximum
temperature in all seasons is significant in Lumle (Table 1), farmers’ claim might be true in
this regard. In addition, the respondents at the FGD reported that they have observed shift
in winter precipitation towards spring season, which maintained warmer weather in winter
and increased moisture supply in spring. Such weather conditions might have facilitated
insects to be survived in winter and start reproductive process early in the spring. Con-
sequently, the problems of insects and disease vector exist throughout the year in the study
area. These insects and disease vectors are causing a number of diseases on crops and
livestock and loss of agricultural production in turn.
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The farming households of Lumle also reported increased incidents of crop-livestock
diseases and associated loss in the production of various crops and vegetables as well as of
livestock. Although farmers claimed that they do not use agro-chemicals because they
produce only for household consumptions and are aware of health risk of agro-chemicals,
they also stated that it is almost impossible to maintain even a minimum level of pro-
duction without using agro-chemicals. Farmers have been using livestock medicine fre-
quently because of livestock diseases. Yet, spread of livestock diseases is not only
facilitated by the changes in climate system. Rather, some greedy and unethical slaughter is
utilising poor quarantine mechanism of the country, Nepal as a profit-making window. An
agro-livestock technician at Lumle Agriculture Centre (LAC) shared a case of spread of
livestock disease in Lumle few years ago that claimed a score of livestock:

“... Bhyakute disease (Haemorrhagic septicaemia) in livestock in Lumle originated
from the illegal slaughter of infected animals in the village. It was the incident of
some 15 years ago when Bhyakute killed 70 to 80 livestock within Lumle area. An
investigation afterwards unveiled the facts that some vendors were carrying live male
buffaloes from India to Baglung (a city located some 40 km west of Lumle and the
road passes through Lumle). While transporting, one of the male buffalo died of
Bhyakute. The vendors slaughtered the dead animal in the nearby bushland and sold
the meat in local shops. Further, they left the remains of the slaughter of infected
buffalo in open bushland, the disease vector find way to animals from water, fodder
and forage. This led to a rapid diffusion of disease throughout the village and the
farmers suffered a heavy loss. After the incident, the disease has not been fully
controlled yet. The livestock get sick often and if not cured on time, they die. The
transportation induced spread of disease vectors is common on human health
problems as well that expansion of mosquitoes and other farm insects, as well as
invasive species are also brought to the place (unintentionally) but climate change,
particularly warming, is facilitating for their adaptability. We did not had mosquitoes
here in Lumle before the opening of Pokhara-Baglung Highway. ...”.

Some of the other reported impacts of increased insects and disease vectors in Lumle are
fungal disease in potato farms, rate (local name that makes paddy red and die) in paddy
fields and increase in various kinds of bugs (stink bug, big horns bug) in fruits and crops
(they mostly harm citrus fruits and paddy). Research participants also informed the
increase in insect population and associated impacts on farm production: increase in some
harmful ants, various kinds of moths and leach, various kinds of caterpillars and worms
(cutworms/tent caterpillars—Khumrekira), all harm root roots, leaf/bud and steam of
vegetables and crops. Many kinds of grass hoppers and aphids damage leafy vegetables and
crops, while wood ants (white, red, brown) harm the roots and steams of sugarcane and
maize. Diseases like phytophthora (fungal-Laikira) in lettuce, legumes, mustard, cabbage,
broccoli, caulifiower and other leafy vegetables have also harmed their production in
Lumle. Furthermore, insects like snail (Sankhekira) and slug (Chiplekira) that damage
valuable vegetables by their slime are increased dramatically in the last decade, reported
the research participants. One of the prominent farmers of Lumle also described the death
of 10-12 livestock in the last decade after being infected of ‘Khadke’, a communicable
livestock disease. Namle, Juka (abdominal parasites/worm) and Bhyakute (Haemorrhagic
septicaemia) in livestock have also become common in Lumle in recent years. Increased
crop-livestock diseases and disease vectors led to an increase in production cost and in turn
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reduced the output from farming occupation. All of these are causing agriculture to be a
deficit business. In this regard, farmers feel themselves suppressed by climate change
impacts and they are increasingly abandoning agro-livestock-based occupation.

4.2.6 Decreased annual life of water sources and increased duration of water
shortage

The term ‘annual life of water sources’ is used to refer decreased flow size and reduced
duration of flow (used to flow for longer period/throughout the year but drying-up in few
months in recent years). Studies have already suggested growing water scarcity in terms of
supply, storage and access in South Asia (Winiger et al. 2005; Rees and Collins 2006;
Kehrwald et al. 2008; Sullivan 2011). Agro-ecological impacts of and implications to
ecosystem services of decreased annual life of water sources, particularly associated with
reduced rainfall, variable seasonal distribution of rainfall and drought, are immense and
complex. A majority (over a half of the total) of respondents of Lumle reported increased
duration of water shortage and associated impacts on agro-livestock system (Fig. 4).
Among the total, 41% respondents felt a dramatic shortage (profound) of water, while one-
tenth respondents conveyed severe level of water shortage that has negatively implicated
into farm production. In addition, almost three-fourths of the total respondents observed
notably decreased annual flow, in terms of both size and duration, of natural springs. The
survey results illustrated that 54% of the total respondents reported profoundly decreased
annual life of water sources, while one-fifth and one-tenth felt the problem being severe
and high. The respondents think that the causes are associated with reduced rainfall and
rainy days, particularly in the winter. The analysis of meteorological data also shows
decreased rainy days (Table 1) except in summer (the monsoon period) and also justifies
that peoples’ perception is fairly correct. The most recent trend of rainfall and rainy days
(2002-2012) shows declined rate except in few exceptionally wet years such as 2004, 2008
and 2011 (Pandey 2016a). This recent phenomenon might have influenced peoples’ per-
ception on declined rainfall and rainy days. Respondents reported the changes in water
availability and reduced moisture conditions have remarkably affected rice cultivation,
sowing of winter crops, maize and production of off-seasonal vegetable. Studies from other
parts of Nepal have also reported that the extended length of the dry season in the last two
decades has reduced agricultural production and altered other aspects of life in the country
(Chhetri and Easterling 2010; Devkota et al. 2011; Macchi 2011; Manandhar et al. 2011;
Gentle and Maraseni 2012). Due to drought, Nepal experienced a deficit of agricultural
production by 22,000 metric tones in 2005/2006 and 180,000 metric tones in 2006/2007
(Aryal and Rajkarnikar 2011). The situation of Lumle is fairly consistent.

This paper investigated the association of respondents’ perception on different impacts
with various household characteristics using Chi-square test. The observed p value of many
of the impacts in association with various social-demographic and economic variables
(age, gender, caste/ethnicity, perceived economic status, land holding, and the share of
livelihood of agro-livestock activity and of remittance) of respondents is higher than the
expected p value of 0.05. This indicates that the impacts of climate change, as perceived by
respondents, are not significantly associated with their social-demographic and economic
status. However, few of the impacts are observed to be significantly associated with the age
of respondent: perception on impacts of ‘drought’ (p = 0.076) and ‘decreased annual life
of water’ (p = 0.071) at 90%, with the size of landholding of household: decreased winter
rainfall (p = 0.035), increased intensity and changed hailstone season (p = 0.001), and
new insects and extended habitat of insects (p = 0.026) at 95%. Similarly, the impacts
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such as changes in onset and retreat of summer monsoon (p = 0.048), increased intensity
of violent wind (p = 0.043) and increased intensity and frequency of drought (p = 0.049)
are also significantly associated at 95% with the share of livelihood contribution of agro-
livestock activity, while impacts such as changes in onset and retreat of summer monsoon
(p = 0.000) are perfectly associated and increased intensity of violent wind (p = 0.067) is
significantly associated at 90% with the share of livelihood contribution of remittance. As
the implications of climate change in the agricultural ecology of Lumle are extensively
discussed and severe impacts were identified, the livelihood implications of climate
change-induced agro-ecological change are discussed below.

4.3 Implications in existing livelihood systems: changes in livelihood options
and their share of contribution on household livelihoods

Changing occupation, particularly unskilled and semi-skilled individuals, often takes place
when the existing livelihood option is not enough to meet the livelihood needs. Studies on
the Himalayan livelihoods have demonstrated that many households have changed their
livelihood options over time (Subedi and Pandey 2002; Subedi et al. 2007b; Onta and
Resurreccion 2011). However, the process of change is challenging, especially for poor
households and unskilled individuals because they lack the minimum financial resources or
the skills required to shift to a new option. Among the changes, normalised proportion of
26.1% households of Lumle have changed occupations over last decade. Among the
households who changed their previous occupation, quite a little (1.4% households) have
changed it completely, while one-fifth of household changed a major portion of previous
occupation. Of the total, 13.8% households moderately changed (or they are running two
occupation parallel) and little over one-tenth households partially adopted new occupa-
tions. This change is often directed towards employment, entrepreneurship and foreign
employment. As a result of the change in occupation, livelihood contribution of traditional
agro-livestock based is decreasing, while the contribution of the cash-based occupations is
increasing in Lumle.

Table 2 shows the proportion of households who experienced the changes in contri-
bution of different livelihood activities in household livelihoods. During the last decade
(2002-2012), about a quarter of households experienced a reduction in the livelihood
contribution of agro-livestock activity by 25%, while another 13 and 7% households

Table 2 Proportions of households with changed share of livelihood contribution of different sectors in
Lumle, Nepal, in the last decade (2002-2012)

Changed proportions ~ Agro-livestock Employment Business/enterprises Remittance Wage labour

- >75% 2.84 1.42 0.00 1.42 0.00
—50 and 75% 7.09 1.42 1.42 0.00 1.42
—25 and 50% 13.48 3.55 0.00 3.55 4.26
— Up to 25% 24.11 2.13 2.13 5.67 5.67
+ Up to 25% 6.38 5.67 4.96 9.93 7.80
+ 25 and 50% 2.13 4.26 4.96 14.18 2.84
+ 50 and 75% 0.71 0.00 1.42 7.09 0.71
+ Over 75% 0.71 1.42 3.55 4.26 0.71

Source: Calculated from Field Survey Data 2013

@ Springer



242 R. Pandey

experienced a reduction of up to 50 and 75%, respectively. This reduction in livelihood
contribution of agro-livestock activity is primarily substituted by remittance that almost
10% households increased the livelihood contribution of remittance by 25%. The pro-
portion of household who derived up to 50% of livelihood resource from remittance is
increased by little over 14% and other 7.1% household maintain up to 75% of livelihoods
from remittance. There are a few households (4.3%) in Lumle whose dominant source of
livelihood, i.e. over 75% of the total requirement, is remittance. These data clearly
demonstrated that agro-livestock-based livelihoods of Lumle have been changing rapidly
to the remittance-based. Therefore, strategies such as ecosystem-based adaptation to cli-
mate change have been neglected in Lumle (Pandey 2016b). The farmland abandonment
associated with climate change impacts and increased opportunities for foreign labour
migration is only the representative cause of Lumle since other studies also indicated that
the problem of land abandonment has been becoming severe across the mountain region of
Nepal (Khanal and Watanabe 2006; Ase et al. 2010; Poudel et al. 2014). Along with
increased contribution of remittance, the share of other sources of cash income such as
employment and petty business is also increasing, while the role of wage labour locally
(mostly used to be farm-based) is decreasing in Lumle.

5 Conclusion

An extensive review of the literature by the IPCC shows that none of the systems in the
globe remained ‘unaffected’ by the global climate change (IPCC 2014) although the
impacts are unevenly distributed and they are biased to low-income societies. None of the
ecological problems are solely the ecological. The impacts of changing climate in agri-
cultural ecology are also determined by the socio-political and economic institutions at
micro-, meso- and macro-levels. Poverty and inadequate capacity of Nepali state mecha-
nisms to respond to climate change impacts in agriculture have caused the country in
general, and the study area in particular suffers from severe effects of the change. This
study documented perceived impacts of climate change in agricultural ecology. The
identified impacts are the damage of farmland and crops by floods, landslides, reduced
farm output due to drought, scarcity of water, changed nature and season of rainfall, as well
as increased crop losses from storms and hailstones. Furthermore, losses of agro-biodi-
versity and forest ecosystem due to invasive species, increased crops and livestock diseases
and insects as well as abandonment of farmland have also reduced agricultural production.
Similarly, early flowering and early ripening of fruits and crops have reduced the quantity
and quality of fruits and cereals. In such context, young generations are reluctant to adopt
agro-livestock activity labelling it dirty and degraded and not-for-profit occupation. They
are, rather, willing to adopt labour migration strategy to meet the household need.

In addition, the change in monsoon characteristics is leading to reduced infiltration and
groundwater recharge. Rather it is creating severe flash floods on the one hand and
reducing the annual life of natural springs on the other. Such changes have reduced the
irrigation potentials in turn, further leading to decrease in agricultural output and sustaining
mountain ecosystem services. Increased crop pests and diseases, and farm weeds due to
increased drought and reduced water availability, as well as increase in extreme rainfall
events are cumulatively affecting farm production of Lumle. These findings are consistent
to the existing literature (Chhetri and Easterling 2010; Ghimire et al. 2010; Gentle et al.
2014, Palazzoli et al. 2015) as well.
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Ferede et al. (2013) estimated that a 3.26 °C increase in temperature and 12.02 mm
decline in precipitation result in 9.71% loss in crop production in Ethiopia and such loses
are even higher in poor households. The rates of changes in climate system of Nepal are
even serious based on both observed and perceived warming and changes in precipitation.
The domination of poor and marginal holding farmer and a major loss of farm production
due to negative effects of climate change are encouraging farmers to abandon the farmland
at first and agro-livestock activities later. This has ultimately damaged rich agricultural
ecological system of Lumle.

Since climate change adds a new layer of complexity and uncertainty into a (agro-
ecological) system (Coakley et al. 1999), the agro-ecosystem of Lumle is already
exceedingly at the difficulties of management on a sustainable basis because of techno-
logical, environmental and socio-economic limitation of the community and the country.
However, despite the suffering of agricultural ecology of the study area from climate
change-induced impacts, and the case being representative to a wider spatial context of
Middle-Mountains of Nepal, adaptation policies of Nepal have not yet recognised the
importance of agricultural ecology to achieve the goal of zero hunger by 2030. Evidence is
that thousands of youths are flocking towards international labour markets although such
opportunities are poorly paid, unsustainable, and are highly exploitative as well as abusive
together with many cascading effects in social and agro-ecological system of the country
(Pandey and Adhikari 2013; Pandey and Bardsley 2013). In such context, Nepal must
urgently design and implement an agricultural policy that integrates the issues of labour
migration and landuse plan to promote ecosystem-based adaptation to climate change by
controlling the process of farmland abandonment and providing incentives to repair and
restore the damaged agricultural ecology of the country. This can be done through pro-
viding incentives to those youths who continue agricultural works rather than pork bar-
relling the youth unemployment fund by the political parties in power. In addition,
government should invest in agricultural infrastructure rather than political infrastructure
such as constructing office buildings for political parties and memorial gates of the leaders.
The international labour migration of unskilled youths can be reduced through strong
monitoring if aspiring youth has higher productivity abroad than within the country due to
lack of land holding in the household. Or in other words, going abroad for labour work by
abandoning farmland should be discouraged.
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