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Abstract

Climate change is a complex phenomenon. Now clirclaémge has become a buzz word in general andydartio
agriculture and food security. It is true for denghg countries where there is a dearth of inforomato support and
reject such a complex phenomena of this universaportant aspect of nature. Climate change isngsadictable
as the movement of a bird in the sky that even raithmlogist cannot predict the movement of a faldbat is
swinging in the air and so is the case of climabange even for meteorologists working in the \Worl
Meteorological Station. The main concern abouinate change and food security is that changingation
conditions can initiate a vicious circle where oifeus diseases cause or compound hunger, whidiyrnn make
the affected populations more susceptible to iidast disease. The result can be a substantialngeaii labor
productivity and an increase in poverty and evemtatity. Essentially all manifestations of climatieange, such as
drought, higher temperatures, or heavy rainfalldd¢dave an impact on the disease pressure orspadt animals.
Also, climate change could affect food safety aoadf security. It is anticipated that due to climebenge many
flora and fauna including humans, higher plants antals will face new diseases due to easily esipanof
diseases causing epidemic cycle making more faletalpathogens in different parts of the worlcheiie will be a
continuous outbreak of such diseases making huargemalnutrition more severe than ever and conselyedfect
for important food commodities due to changing elien of tropical, temperate and equatorial zones, nikain
biodiversity zones for population and food prodoetas well. Hence, this paper tries to provideiaflyeview on
climate change with respect to food security anmp goroduction, which, ultimately, could suggestaagmmic
measures to mitigate the impacts of climate chamgkadopt vagaries of climate change in the dagadlor an
agrarian country like Nepal.
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Introduction
Climate change defined

The climate change is related to changes in theerdration of the greenhouse gases (water vapos, CO
CH4;, N,O, and CFCs), which trap infrared radiation frone tearth's surface and thus cause the
greenhouse effect. This effect is a natural phemamewhich helps maintain a stable temperature and
climate on earth. Human activities, such as fosgl combustion, deforestation, and some industrial
processes have led to an increase in greenhouss gascentration. Consequently, more infrared
radiation has been captured in the atmosphere hvdsiuses changes in the air temperature, preapitat
patterns, sea-level rise, and melting of glaci€engral European University, 1999).

Sinhaet al, (1988) state that the climate changes envisagéuet@f' next century are mostly attributed
to the increasing concentration of €&hd other "greenhouse gases". Sincgi€@n essential reactant in
photosynthesis to produce organic matter. It istydated that farmers could look forward to better
harvests (Wittwer, 1986). Rosenberg (1987) madenatysis of gas exchange and concluded that climate
change, at least as far as Oncentration effects are concerned, may provargdgeous. However,
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Gifford (1987) made a more cautious assessme@Opfeffects by including temperature change as an
additional component. Sintgal (1988) made following observations for assessiegeffiects of climate
change, including C&xoncentration on crop yields:

« The highest yields in C3 crops are obtained ar@untkan daily temperature of°C5and in C4 crops
around 36cC.

e The temperature optimal for vegetative growth amel teproductive phases are often different. An
increase of temperature beyond a mean 8€22auses sterility in rice resulting in reducedimgra
yield, though it has no effect on photosynthesig.(f. In wheat, an increase in mean temperature
above 18C results in a decrease in grain weight and a p@d (Fig.2). A higher temperature
significantly reduces tillering, which is essent@building shoot population.

» The crops having a high growth rate in the pre-idng phase usually deplete soil moisture, which is
necessary to normally complete the grain developmbkase. Consequently, high initial growth, in
the absence of irrigation, results in a poor gyadhd despite high dry matter accumulation.

However, there is little new evidence that climetb@ange significantly alters the prevalence of many
explained and unexplained consequences to the mgeivé&everal studies have confirmed and
quantified the effects of temperature on commomfof food poisoning, such &lmonellosis.
These studies show an approximately linear incré@aseported cases for each degree increase in
weekly temperature. Moreover, there are evideritaistemperature variability affects the incidence
of diarrhoeal and other communicable diseaseseBrrainfall and prolonged drought events can
increase the risk of outbreaks of diseases paatiguivhere traditional water management systems
are insufficient to handle the new extremes. Drigkiwater limitation is becoming a normal
phenomenon of metropolitan city in the world in gexl and developing world in special. Likewise,
the impacts of flooding will be felt most strongityenvironmentally degraded areas, and where basic
public infrastructure, including sanitation and teye, is lacking. Ultimately climate change willgh
lower capacity of people to effectively use foothe$e are the widespread pros and cons of climate
change. Many social unrest and conflicts in devielpmvorld are related to water scarcity which may
be the effect of climate change that brings prodshgrought and excessive rain even in monsoonal
dependent countries such as south and south E&stvAsre SW monsoon is the sources of water for
rice, the main food of the people living in thesetp of the world. However, all of such issues wioul
be beyond the discussion of this paper and ouusison will be focused on climate change with
respect to food security and crop production peirtgi to agriculture research and development
(R&D).

Global scenario of climate change

Gifford (1987) estimated the rise in temperatuta thould cancel out the advantageous effects of CO
fertilization (Table 1 and 2). At locations rangifigm 50N in Canada to 3% in Australia a rise of 1°5

to 2.4C is required to cancel the advantageous effec®®fon grain yield, presumably under irrigated
conditions. In the absence of irrigation, crop ggemay in fact be reduced. The optimistic prediditor
agricultural production made by several peopléarecent past based on gértilization effects should

not lead to complacency about the question of feecurity. These projections have been based on a
study of the individual effects of only one or tviactors. It should be recognized that agricultural
production is a complex process. The availableedd on CQfertilization effects, when two or more
factors are simultaneously considered is, at Imesinclusive (Fig. land 2).

41



CLIMATIC PRODUCTIVITY INDEX (th)

Agronomy Journal of Nepal, (Agron JN) Vol. 1: 2010

ion (Yoshida,

different rates of radh

50 -

45’—

a0

35

10,000 GRAIN WEIGHT (GRAMS)

30 ~

NP 823
RIDLEY

JAVELIN

Figure 2.

L
24/19 27/22 30/25
DAY/NIGHT TEMPERATURE (°C)

1978).

KENDREE

YALTA
DIADEM

I 1 i}

24/19 27/22 30/25

Effect of increasing temperature on grain deveiopment in wheat (Asana, 1976).

Source for Fig. 1&2: Sinha et al, 1988

Table 1. Effect of doubling of atmospheric Cgon the area and productivity of rice (total producion in
1985=465 million metric tons)*

Region/country Share of Yield (t/ha) 2 x CQ,climate scenario Effect of crop
production production**
(%) AT (°C)  Soil moisture Area Yield
condition

China 37 5.3 3 Wetter + +
India 20 2.2 3 Wetter + +
Indonesia 8 2.1 2 Drier - +
Bangladesh 5 4.1 3 Wetter + +
Developing countries 94 3.1 2-4 Wetter + +

**Eor rice, sterility effects of increasing temparee may neutralize increase in production
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Table 2.Effect of doubling of atmospheric CQon the area and productivity of maize (total prodution in
1986=490 million metric tons)*

Region/country Share of  Yield (t/ha) 2 x CQ,climate scenario Effect of crop
production production

(%) AT (°C)  Soil moisture Area Yield

condition
USA 46 7.4 4 Drier + -
Western Europe 8 55 4 Drier + -
China 13 3.5 3 Wetter + +
Brazil 4 1.9 3 Wetter/Drier + +
Developed countries 65 6.0 4 Drier + -
Developing 35 2.2 3 Wetter + +
countries

*Source for Table 1&2 (Sinhet al, 1988)

Food security defined

The Food and Agriculture Organization (FAO, 2002finkes food security as a “situation that exists
when all people, at all times, have physical, dpeiad economic access to sufficient, safe, andtinuis
food that meets their dietary needs and food peafars for an active and healthy life”.

Climate change and food security

There are different mathematical models to pretigiact of climate change on agriculture and food
production in complex ways. It affects food produoatdirectly through changes in agro-ecological
conditions and indirectly by affecting growth andstdbution of incomes, and thus demand for
agricultural produce. Impacts have been quantifiechumerous studies and under various sets of
assumptions (IPCC, 2007). Continued emissions ekmiouse gases will bring changes in land
suitability and crop yields. IPCC considers foumiites of socio-economic development and associated
emission scenarios, known as Special Report ondionis Scenarios (SRES) A2, B2, Al, and B1 (IPCC,
2004). Of relevance to this review, of the SRESnades, Al, the “business-as-usual scenario,”
corresponds to the highest emissions, and Bl qgmnels to the lowest. The other scenarios are
intermediate between these two. Importantly foricadiure and world food supply, SRES A2 assumes
the highest projected population growth of the fand is thus associated to the highest food demand.
Depending on the SRES emission scenario and climaidels considered, global mean surface
temperature is projected to rise in a range fra8id (with a range from 1.1°C to 2.9°C for SRES R1)
4.0°C (with a range from 2.4°C to 6.4°C for Al) B$00 (IPCC, 2007). In temperate latitudes, higher
temperatures are expected to bring predominantigfits to agriculture: the areas potentially suggbr
cropping will expand, the length of the growingipdrwill increase, and crop yields may rise.

Depending on the SRES emission scenario, the atredspCQ concentration is projected to increase
from 379 ppm today to 550 ppm by 2100 in SRES B18®® ppm in SRES Al. Higher GO
concentrations will have a positive effect on mamgps, enhancing biomass accumulation and final
yield. However, the magnitude of this effect issledear; with important differences depending on
management type (e.qg., irrigation and fertilizatregimes) and crop type (IPCC, 2001). Experimental
yield response to elevated g6&how that under optimal growth conditions, croplgsé increase at 550
ppm CQ in the range of 10% to 20% for C3 crops (such heat rice, and soybean), and only 0-10%
for C4 crops such as maize and sorghum (IPCC, 20@)the nutritional quality of agricultural prock
may not increase in line with higher yields. Soraeeal and forage crops, for example, show lower
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protein concentrations under elevated,@0nditions. Finally, a number of recent studiesehestimated
the likely changes in land suitability, potentiatligds, and agricultural production on the curraritesof
crops and cultivars available today. Therefore se¢hestimates implicitly include adaptation using
available management techniques and crops, butdirg new cultivars from breeding or biotechnology.
There are reports that there will be a more prooedrregional shifts, with a considerable increase i
suitable cropland at higher latitudes (developathtries: 160 million ha) and a corresponding dechifi
potential cropland at lower latitudes (developirmgitries: 110 million ha). An even more pronounced
shift within the quality of cropland is predicteddeveloping countries. The net decline of 110iamlha

is the result of a massive decline in agricultypdime land of 135 million ha, which is offset by an
increase in moderately suitable land of 20 milli@n This quality shift is also reflected in thefshi land
suitable for multiple cropping. In sub-Saharan édrialone, land for double cropping would decline by
between 10 million and 20 million ha, and land abli¢ for triple copping would decline by 5 millica

10 million ha. At a regional level (Fischer et aD02) similar approach indicate that under climate
change, the biggest losses in suitable croplandkag to be in Africa, whereas the largest expanof
suitable cropland is in the Russian Federation@emtral Asia.

Climate change and food supplies

Global and regional weather conditions are als@®etqu to become more variable than at present, with
increases in the frequency and severity of extrewents such as cyclones, floods, hailstorms, and
droughts (IPCC, 2001). By bringing greater fluctoias in crop yields and local food supplies anchbig
risks of landslides and erosion damage, they camradly affect the stability of food supplies ahdg
food security. How strongly these impacts will leét fwill crucially depend on whether such fluctoats

can be countered by investments in irrigation,dvedtorage facilities, or higher food imports. tiddion,

a policy environment that fosters free trade armhmtes investments in transportation, communication
and irrigation infrastructure can help addressdlamllenges early on.

Climate change and food utilization

Climate change will also affect the ability of imluals to use food effectively by altering the dibions
for food safety and changing the disease pressomeector, water, and food-borne diseases.

Climate change and access to food

Access to food refers to the ability of individyatdommunities, and countries to purchase sufficient
quantities and qualities of food. Presently it hasn experienced that due to surge in food prieeplp

in the developing countries have put their earningse than 60% for foods which has jeopardized sxce
to health, education and other aspects that hagetdmpact on quality of life of masses in theagpof

the world. This could be the impact of climate dparresulting to the shift of agricultural based
population to other forms of daily livelihood.

Quantifying the impacts on food security

It is very likely that climate change would increabe number of people at risk of hunger compamed t
scenario with reference to no climate change;rstaince, it is estimated that climate change would
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increase the number of undernourished by 5-26% paosd with no climate change or by between 5
million and 10 million and 120 million to 170 miih people (Fischer et al, 2002, Sinha et al, 1988).
Climate change with respect to food security, anlisis of prediction of mathematical models, reenb
summarized in a great detail (Sinha et al, 1988%inda SK, 1987). Such models attempt to predit th
changes in critical climate elements for a doubloighe CQ concentration. Although there is little
agreement between various models about the spetifgnitudes of the regional changes during the next
50 to 100 years, and details needed for regiormadnihg, there is considerable agreement on theablob
changes, which may be summarized as follows:

* The lower atmosphere will warm and the stratosphdtesool.

« The annual average global warming will be 1.5%€4This is much greater than any natural climate
change. The rise in temperature is, in generalatgrein the Northern Hemisphere than in the
Southern Hemisphere and increases (by a factot@B2 pole wards.

e The temperature rise will be greater (by about 5B24)inter than in summer. Consequently, we may
expect the production of winter season crops tmbee affected than that of summer crops.

» Freeze-free periods will lengthen in higher latéadso that larger areas may be brought under
cultivation, if soil conditions are suitable. Theiease in the freeze-free period will depend @n th
current length of this period, e.g., %Clrise in temperature will lengthen an 80-day fesfee period
by about 20 days but a 120- to 130-day period by 6mlays.

» General warming will be accompanied by a weakerohgemperature differences between the
equator and the poles, which will affect the atnh@sp's general circulation. This could lead to
longer dry periods.

» The global average annual precipitation will in@edy about 7 to 11%, but its regional and temporal
variations are uncertain.

» Relationship between precipitation and evaporaionot likely to change in the lower latitudes.
Evaporation will increase more than precipitatiorthie mid- to higher latitudes.

«  Soil moisture conditions will be "wetter" in somegions of the world (33N-35°S), but "drier" in
others, compared with present conditions.

» A sea-level rise is foreseen but its magnitudetand-scale are uncertain. The effects on agriceltur
in coastal regions could be disastrous.

» Agro-climatic zones will shift poleward (about 1R per degree of warming).

» The variability of temperature and precipitationyntkecrease because of the weaker circulation. The
regional variations are uncertain.

« Only changes in mean climate conditions are spatifiy the models. Sizeable uncertainties remain
about the timing, intensity and direction of spiecifffects.
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Policy implication for R&D to mitigate climate change

There are ways to mitigate immediate adverse implaclimate change by adopting adequate agronomic
practices pertaining to crop production and managensuch practices consisted of narrowing the gap
between the maximum and the average national yeldsops would be the main objective of future
research and development. Consequently, it woultnpertant to analyze the contribution of different
industrial inputs and environmental factors to asdbe realizable potential of the genetically sigpe
cultivars. The actual realization of this potentigll be governed by the technologies adopted with
respect to three factors such as land and waterageament, crop management, and post-harvest
management. The availability of energy will begns#ficant factor affecting production. Developmeints

the use of non-polluting, renewable resources efgnwill play a significant role in conserving the
resource base of agricultural production.

Brief overview of food crisis in nepal with respecto climate change scenario

United Nations (UN) has termed present food casi§ sunamand World Bank states that a 20% rise in
food prices pushes 100 million people back intogutyw Jean Ziegler, the UN Special Rapporterur on
right to food laments that every five seconds ddchmder 10 dies from hunger and malnutrition. Sehe
are the likely scenario of global food crisis of*2dentury where UN has put forth Millennium
Development Goals (MDGSs) to be achieved by 201%odfl crisis remains as such and world does not
take care of these alarming situations of foodistiisere are likely chances that MD@a se set for
developing countries could be nullified as a restilfood crisis. FAO classifies Nepal, Bangldudes
Pakistan, Srilanka etc. as severe localized fosdduare countries. UN WFP warns 3.8 million (now 3.9
million) people in Nepal face food insecurity dwerise in food prices. Similarly, Nepal Rastra Bank
2008 (as cited by Khadka, 2008) reports that priee of edible (grain, cereals, fresh vegetables a
pulses only) by 23% within a year and WFP has wathat there will be a 10% price rise every month
till next harvesting if India continues ban on rimed wheat export to Nepal (Khadka, 2008). As altes
there will be direct effects in 38 districts (m@gsthid and far western hills) as food stock fall®rstby
50%. The situation of food crisis in Nepal is saraling that Terai, the grain bowl of Nepal, hasdated
food deficits in the current year and the wholehaf country will face food shortage if the scenario
food production does not improve substantially. rAvging demand of agriculture commaodities coupled
with their rising prices has placed both opportu@ihd constraint to agricultural based countridse T
opportunity is there because farmers in these desntould get higher price of their produce in baad
and in other hand there is a risk that if governmpicy is not directed toward producing more feod
there is likely danger that food will divert to hiccountries where there is ample opportunity of
purchasing power of general public. As a resulbdar and malnutrition would loom large in thesetpar
of the agricultural based countries. FAO (2008) kasisaged that the recent rapid increases in the
international prices of many basic food commoditiase raised many questions from policy-makers, the
media, the public, and the farmers who have theodppity to benefit from the situation. Those who
have the most reason to be concerned are the ablegreople who have to adjust to the consequerices
their decreased purchasing power, which in somesgasdfect their ability to buy enough food to feed
their families. In Nepal, the reverse is true beeaas of now around 3.9 million people in mid aad f
western region are facing acute food shortage @uwglp especially children and pregnant women are
adversely affected by hunger and malnutrition. Pgn\s rife in these regions which is one of ther
reasons of conflict and unrest of people in thentgu Government of Nepal is air lifting food fromban
areas to these regions to mitigate the problemhwilsicin long run, making people dependent on
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outsourcing food. Instead of this practice of diimlg foods from out side, long term strategy ofiking
regional and local food self sufficiency should eoas the mitigation strategy of the food crisidigpal.
All of such consequences have been tried to lirtk slimate change.

Impact of climate change in Nepal could be obselivedarying level of climates that are prevalent in
diversified topography and vegetation present ipdileBroadly there are impacts of climate changes i
Nepal; Terai (almost tropical region), mid hillsdawalley (subtropical region), and mountains and
Himalaya (temperate and tundra regions). Nepal isigue place representing in the form of world
climatic laboratory to study impact of climate cganlt is reported (Ujaylo FM, 27 June 2009) thwesre

is no snow in the Kapi Himal of mid western regian15000 feet and pioneer mountaineer Mr. Apa
Sherpa, super Sherpa, Campaign Ambassador, andw@loddhbassador to Climate Change (2010)
observed drastic changes in the climate of the kiyaa regions and speaks “the changes in weather
patterns are drastic. It didn’t snow at all duribgcember, January and February, when it should snow
heavily, and it finally snowed massively in May, evhusually it's dry.” Apa scaled the Mount Ever£gt
times up to June 2009 experienced while climbirggElerest in June 2009 that there was no snowein th
Everest trail and he waited snow fall for dayshat hase camps to scale the Everest for without shew
scaling of the Everest is virtually impossible ahdre is no chance of kissing the Ever&gérmatha,)
peak, the roof of the world. He broke his own recand scaled the Everest™@me on 23 May 2010 and
noticed that there was stream flowing on top of EBwerest by melting ice. What could be the more
astounding impact of climate changes in the Hirmaharegion than this? A country like Nepal could not
explain more than this as the impact of climatengles in the Himalayan region- the experience ofl Apa
These are some of the the serious alarm of clilad®ges for a poor country like Nepal whose more
than 65% population depend on agriculture and rtlume 32% of GDP comes from the agriculture as
well. If the Himalayas peaks are devoid of snow tmvauld be the fate of rivers flowing from those
mighty water towers, the Himalayas. The Himalages responsible to supply water to the perennial
rivers flowing in the Indo-gangetic, the Mekongdahibetan platues and finally Europe and whole of
Asia-pacific regions of the world would be affecietimediately and in the long run the impact woudd b
for the entire earths' civilization and the climate a whole. Hence, there is no question of viziimi
from the impact of climate change for a single d¢outike Nepal whose contribution on global climade
negligible (around 0.02%) against the massive megabnsequences of it to her. There should beweri
attention of public and private institutions to eekb climate change issues and its impact on éigrieu

in general and particular to the developing coestiincluding Nepal whose contribution to climate
change is miniscule. Both basic and adoptive rebearare a demand of the day to address climate
change issues. There are incidences of new pedtdis@ases in crops and animals which are the basis
food for humans and animals as well. In Nepal, tiegampacts of climate change are observed fod foo
crops by infection of diseases and pests suchudsrobt of crucifiers, blight oBolaneceous, rust of
wheat, blast of rice and leaf spot of maize andamretd which have become menace to decreasing crop
productivity. Research institute like Nepal Agritume Research Council (NARC), university, andslab
are facing acute shortage of human resources,tilmgisd budgetary facilities. Until and unlesstsuc
issues are tackled timely there are less likelyncka of coping climate change with respect to food
security and poverty reduction to meet the MDGsgdehe UN for 2015 for developing countries.

In 2010, Pascal Lamy, Director General, World Tr&lganization, admitted that agriculture subsidy
would remain at levels up to four times higher tiraimdustry as a contribution to the problem oddo
security (THT, February 25, 2010). Therefore, iplains that agriculture should get more investnant
least four time surge of budget in Nepal to gednitst to address food shortage. However, agricaltar
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Nepal since seventh five year plan has not recepraatity from the government as a consequence
present food shortage has been looming large. 19,28epal faces food deficit of 0.316 million metri
tons due to 0.5 million metric tons decrease &f gooduction compared to the last year (RepubliaiyD
May 30, 2010). It is worth to increase local praility of crops instead of air lifting rice to thremote
areas where there is food shortage. Thereforg,ahficipated that government of Nepal should give
priority to address local food shortage by providincentives to boosting local food productivityhi
can be done by investing more on local food resmunastead of providing transport subsidies tdifhir
food aids from outside. If such issues are not esldrd timely the adverse impact of climate change i
Nepal could affect remote areas making food shertagre vulnerable in coming days.

Conclusion

There remains a basic question to be asked thdatambdhe implications of climate change for theldio
food security system? To answer this question iteisessary to examine the effects of climate change
with respect to the regional food production asesult of changes in mean climate as well as the
variability of the food production resulting fromdreased climate variability. In the ultimate as@ythe
annual variability of total food production as wa#l the regional share of production is the detents

of food security. Therefore, from the discussionsitobvious that climate change will affect all fou
dimensions of food security, namely food availdpifi.e., production and trade), access to foaabikty

of food supplies, and food utilization. The impaita of the various dimensions and the overall imp&c
climate change on food security will differ acraggions and over time and, most importantly, will
depend on the overall socio-economic status thaduamtry has accomplished as the effects of climate
change set in. Essentially all quantitative asseassrshow that climate change will adversely affectl
security. At the same time climate change willréase the dependency of developing countries on
imports and emphasize existing focus of food inggcu Within the developing world, the adverse
impacts of climate change will fall disproportioelgton the poor. Less is known about the role infiate
change for food stability and utilization, at leastquantitative terms. However, climate changd wil
affect those particularly adversely that are stibre dependent on agriculture and have lower dveral
incomes to cope with the impacts of climate chafdieate change is a global phenomenon and effect o
climate is applicable to globally. It is obviousatimpact of climate change has been experienced in
Nepal as well. Therefore, a country like Nepal vehagriculture is the backbone should make relevant
investment in agriculture R&D and should addressués of climate change in policy level and
implementation level without any delay.
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