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Rice has beem the harkinger of food and mutritional security in Sowuth Asia. Increase in remperature, hipher
Cy concentrations and abnormal patterns of precipitations coupled with higher frequency and intensity of
drowght and floods are likely to enhance considerably the climate risk to the rice agro-ecosystems. ft is in this
cottext that the study o climate rick acessment o rice baved agro-ecosysfems, has been conducted, A prool
of the concept study was taken up using ORYZA series of soil-vegetation-atmosphere fransfer (SVAT] models.
These models have been extensively validated in rice agro-ecosystems of differeni paris of the world as well as
in India fo simulate the growth and yield of rice. The effecis of elfevated temperature and U0, concentrations
o the yigld of vice grown in three ggro-ecologically different environments of Soath and Eastern parts of
India have been analyzed. While higher CO,; concentrations have wsnally been aszociated with increasing rice
yield and higher temperatures have yield reducing impoct, this trend however hos been fornd 1o be
inconsistent in case of the diffevent Fice varieties grown in the study areas. Those having higher sensitivity and
larger variance in the relationship between rise bn femperafure and reduction in crop yeld have foamd riskier
in climate change scenarios. For those climatic sensitive regions, the adaptation need is thergfore o develop
rice crop varieties having higher tolerance fo Increare in and more respesive i hipher OO0,
concentrations. The adaptation frends with regards to rice to the changing climarte have been caprured and
analyzed along with croxs-cutting institutional isnees leading to the integration of elimate change adaptation

and dirasier risk reduction in climaie sensitive South Asia,

1. Imtroduction

While the sggregate effect of climate change on
agricultural production at global level could be
small o moderate, the regional and sub-regional
impacts are likely to be significant on food security
scenario  cspecially in the vuloerable  sgroran
econonties. Food security, in varying crop yields
and mstable levels of productivity, is extremely
d}mm: as well as complex. The climate change
impacts of regional'sub-regional levels as well as
ecosyatem levels are likely to be uneven and
unpredictable. South Asin s one such vulnerable
region wherein impacts on food security would be
considerable. With the changes taking place in the
climate systems vis-d-vis the consequent impact on
ngricultural ecosystems, food security assumes the
prime concern in South Asian region, The layers of
vulnerability e oot only fo the responses of
agricultural ecosystems o the changing climate but
embedded nto the sociorconomic chamcteristics of
the region, Low-income populations dependent on
margingl agriculture are barely food-sufficient and
even the slightest decline in yields would turn them
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food insecure. In the region, the most nDegative
effects are foreseen in dryland areas, and in arid and
semi-arid areas, especially for those refioni on
rainfed, non-irrigated agriculture (Climate Change
and Disasters: SAARC Report 2008). It is likely that
marginal agriculiure may be most vizlnerable both to
short term werations of weather and longer ferm
changes of climate. This may be compounded when
forming 15 practiced of or near the edge of its
appropriate climatic region (FAO, 2007). In the
rural areas of the region, agriculture continues to be
m!mmmwmnfllwt[hmdfnrﬂmpmrnd
marginalized section of the population. Monsoon
variability, alierations in the intensity and seasonal
patterns of the precipitation, coupled with an
increased rigk of crifical temperafures during the
reproductive phases of crop growth cycle, have
added considerable uncerizinty to the food
production. Agricultural ecosystems, which support
the livelibood security to the majority of morsal
population in South Asia, are progressively being
exposed fo  threats from increased climatic
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vasiability and, in the longer run, to climate change.
compoundad by uncertain and abnormal frequency
and imtensity of drought and flood events, have
long-term implications for the sustainability of these
ecosysiems. As climatic patterns change, so also do
the spatial distribution of agro-ecological zones,
which can have significant impacts on food secunty
in the future (FAQ, 2007y Further, the projected
increase of global mean temperature between 1.4
and 5.8°C by 2100 (IPCC, 2007) is expected to have
considerable impacts on the hydmological system,
sea level, agricultural ecosystems and thus on crop
production leading o food msecurity of the poor
and marginalized population especially in the rural
aregs  (Choodhary and  Aggareal,  2009).
Understanding climate change impacts on rice based
agro-ecosystems ot regionalisub-regional levels is
not clear becanse of (i} uncertainties in down-
scaling the regional chimate chanpge
predictions/projections at local levels; (if) limited
insights mbe certain agricultural processes, such as
“fertilization” response  of different crops to
increased levels of ntmespheric 00, in conjunction
with elevated temperature; and (i) uncertainty
regarding the pofential for adaptation of agriculiural
practices, In this regard, the paper presents an
analysis on the outcomes of well-calibrated rice
simulation model with regards 1o the potentisl rise
in temperature 8s well as O0; in the different rice
based agricultural ecosystems as well as adaptation
trends and possibilitics as well as the challenges in
South Asian region towards food security in

2. Rice, Food Security and Impact of Climate
Change in South Asia
Worldwide, rce has been the mam source of food
and nutritional security to the large cross-section of
the people. For exampls, rice provides more than
500 calories per person per day for over 3 hillion
people (FADSTAT, 2008), while mce cultivation
has been the principal activity and source of income
for more thon 100 million households m developing
coumniries in Asia, Africa and Latin Americe. The
advances in research and extension, especially in
T0s and Bbs, have increased global rice pﬂ:rducﬁnn
to bz sble fo meet the demand of the growing
population, created marketable surplus @ the
farming commumnity, and also enhanced nufritional
gecurity of the poor populations across the world,
The pains made durng the Green Revolution,
however, are now in the process of diminishing
Tetums im recent vears. Since 2000, world Tice
production has been less than rice consumption and
the deficit has been addressed by drawing on rice

from buffer stocks. Alarmingly, more than 852
million people continue to suffer from hunger and
malmutrition (FADQ, 2004), The world population
contirues fo grow steadily, while land and water
resources are declining. Furuyas and Koyama (2005)
have reported that high temperatures would cause a
marked decrease in world rice production. In fact,
nice i South Asin 15 the staple food for a lange
meajority of population, and constitates more than
40% of the total food production. It is grown on
more than 50 Mha under a diverse set of agro-
environmends VErying In scasoms, lemperatures,
rainfall, soil types, hydrology, varieties and input
management. To meet the incressmg demand of
evar growing population, for example in India, it is
estimated that rice yields must increass by at least
43% by 2020 to meet the fitare demand (Kumar,
1998 and Mall and Aggarwal, 2002} Om the
contrary, several infensively cultivated areas such as
in north India have started showing signs of rice
yield stagnation and deterioration of soil health
{Sinha et ol., 1998, Kumar and Parikh, 1998 and
ICAR, 20077, Tt is therefore important 1o understand
the potentiol impact of climate change on rice based
production systems  for  developing  appropriate
straiegics to adapt to the likely ouicomes on long-
term food security, which will continue 1o be driven
by the inferaction between rice production and
climate change (Mguyen, 2004). Further, in South
Asin, the food secunty depends on the ability of the
agricultural ecosystems Io produce rice under the
limiting conditions of water, nutricnts and lands. In
Bangladesh, India, Nepal and 5r Lanka rice
provides more than 500 kcal per person per day fo
more than 300 of the population, and thus holds
considernble significance for food and outritional
security. The recent studies suggest that the
temperature increases, msing scas and changes in
rainfall patterns and distribution expectad as a result
of global climate chanpe could lead to substantial
masdifications in land and water resources for rice
production ms well as in the productivity of rce
crops grown in Soath Asian region (FAO, 2007
The vulnerability of fce-based agro-ccosysiems is
reflected in terms of varying yields due to increase
in the levels of CO; and tempemsture. There are
several studies in Emlh Asian conditions, which
bave  brought in impsct on  climate
change/variahility on rice crop. In order o
investigate the role of climate change on mce
cultivation, three rice models namely MACROS
{Penning de Vries et al, 1989), RICESYS and
CEHRES rice {Alocilija and Ritchie, 1988) were used
to simulate nice growth from the expected climate
scenario. Major emphasis was laid on the effect of
00, on growth and yield of rice.
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It was found that 2=00 situations increase the vield
under laboratory conditions. Penning de WVries
(1993) showed that 'I.'I'uulz:al.tnthl yield of ree with
CO; at 50 ppm and 1'C incresse in temperature
would result in a slight increase in the potential
yvield of rice. The increase in the warmest regions is
the srmallest, Lack of sccurate predictions of climate
change hampered the cerainty of these conclusions.
However the effect of climale change on
precipitation and its consequences on the yield of
rice i not quantified in these studies (Bouman,
1993, 1993b). Rosenzweig and Parry (1994) have
estimated  significant adverse impact on  the
agriculture of many developing countrizs. In a more
detailed siudy of Indis, Kumar and Parikh (1997 and
199%) examined the impact on agricultural yields,
output, income and prices. They estimated that: (a)
vield losses (without considering the carbon
fertilization effect) for rice vary between 15 w 42
percent for temperature increases of 2.5°C to 4.9°C;
(b) even with carbon fertilization effects, losses
would be m the same direction but somewhst
sraller; (c) with adaptation by farmers of cropping
patterns and inputs losses would remain significant;
with a temperature change of +2°C and an
sccompanying precipitation change of +7 percent,
farm level total net-revenue would fall by 9 percent,
wheress with a temperature increase of +3.5°C and
precipitation change of +135 percent, the fall in farm
level total net-revenune would be nearly 25 percent.
From South Asia point of view, &8 2°C increase
would clearly make larger mpact o the rice
production and would thos have negative impacts on
food security.

3. Climatc Risk Asscssment: Concept, Methods
and Study Areas

The climate nisk assessment to the sgrculiural
seosyeterns holds the key o underatand future food
securily situstions o5 well as to farpet those
ecosysterneregion which are extremely vulnerable
im the changng climate scenarios. The existing
practices of climate risk agseszment are quite broad,
Crop specific mssessment mokes i “actionable’ for
developing adapiation strategics at local lowels,
Recent developments in simulation modeling for
rice have proven the usefulness of combining
hydrologic and crop growth models and their
applicability in water use applications (Penning de
Vries, 19289, Selvarajan ot al, 1991, Palanisamy and
Flinn, 1988, Meena Rani et al, [996, 1999 and
2001, Sovastava et al, 2000 and Aggorwal and
Mall, 22}, This methodology has been validated
for several rice growing environments i several
rice growing regions including India. It is primarily
because of this reasom that this methodology has

been ndopied for rce crop nsk assessment af
different locations of rice ecosyatems, The prescnt
study thus deals with climate risk pssessment with
regarnds to rice hased agro-scosystems based on the
unrversally accepted nice specific crop simulation
miode] study.

20 Experimental Study for Crop Risk Asressment
Crop Simulation Models (C5Ms) such as ORYZAID
have immense potential in quantifying the potential
produstion of mee m diverse  agro-ecolog
regions. This model has been calibrated and
vilidated in Indin's agro-ecosystems, Using this
model, the present study has been conducted inm
Miﬁnmlm#mnmmnhmmg
three different agro-climatic conditions, The three
study areps include Orissa, Keralo and Tamil Naduo,
In India, rice is bydrologically characterized based
on the ramfall of different regions, Kerula, Southen
part of India, represcnts regions with rainy scason
for six months or more, Orissa, Eestern pard of
India, represents regions with rainy scason for three
months or more end Twmil Madu (pari of South
India} represents regions with rainy scason for two
months or more. Agro-ecologically, Omssa s
discribed as gub-humid tropics, Kerala as warm
hurnid and per-humid tropics and Tamil Nadu as
warm sub-humid and sermi-arid tropics. The present
study wis carried oul in collaboration with the
Central Rice Research Institute (CRRI) located at
Cutteck in Onssa;, Kemln Agriculiural University
(HALT) at Tavanur in Kerala; and Tamil Madu Rice
Research [nstitute (TNERI) in Tamil Nadu The
details with regards (o study arcas and methodology
are explained in Appendix [, Taking inbo account
the typical crop and weather varisbilities of the
study arens, the experiment wes designed o caplure
these and estsblish fls sensitivity in  model
simulations.

3.2 Reswlix and Discussion

ORYZA| predicts potential production for the entire
grovwing season, The mam streciune and basic routines
are from the Wageningen models for potential
production (MACROS module L1D — Penning de
Vries et al., 1969 and INTERCOM — Kropif and van
Laar, 1993), An important advantage of this model is
that it can be wsed to simulate realistic yields and to
assess the impact of planting date, westher and
latitude at messured leaf nitrogen contents. The
experimental resulis are analyeed hereunder:

3.2 1 Spectral inferfoces fo ORYZA

Based on statstical modeling involving comelation
andd regression analysis between leaf area index
(LAT) and spectral WDV (Normalized Difference
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Vegetation Index), polynomial functions were fitted
between these two vanables. The polynomial
function was chosen &s it represents & more realistic
relation betwreen the two varipbles, The polynomial
function was then inverted to caloulate LAL within
the model. The calculnied LAI thus becomes the
forcing function (Figure 1) to simolate wyield,
biomass and varous other crop parameters. The
resulis of the different levels of simulation are also
graphically depicted in Figures 2a ond 2b for
Biribati and Kandarpur test sites (pear, Cutfuck,
Omisa, India) respectively. From Figures 2a and 2b,
it i5 interesting top note that when the crop model
ORYZA is combined with remote sensing data, it
certainly performs better by simulating yield closer
(simulation levels 3 and 4, ie. FSSAY — Field
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Spectroradiometer based Simulated Actoal Yield
and RSSAY — Remote Sensing based Simulated
Actoal Yield respectively), to the observed actual
field measurements rather than when the crop model
is used on g siand alone basis (OREMSY - ORyza
Model Simulated Yiedd). FLSAY is the Field LAl
hased Simulated Actal Yield Spectral interfaces to
ORYZA have brought the model output closer to
reality. On one hand, the results validate the
ORYZA model in agro-ccological conditions of
Orissa and on the other hand, the strategy improves
the models” performance to a significant extent. The
forcing function strategy has been fpund fo be the
most effective in interfacing spectral inputs o
C5Ms,
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Figure 1: Spectral interfaces to ORYZA: Forcing function stratery
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Figure 20 Yalstaton of vield with reported
observed yield (ROY) at Kandarpur (190
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3.2.2 Effects of increasing U0y concentrations on the
vield of Fice

Estimates were made to quantify the effect of
temperatune and OO, rise on the vield of rice grown in
the different stady aress. Twelve different climase
change scenarios (Matthews cf al, 1995} resulting
from changes m temperature and atmospheric COy
concentration was cvalusted with the model for their
mpacts on rice production, On on average, the study
areas exhibited a gradual ncrease in yicld with higher
C0y concentrafions (Figure 3a), The ¢rop growth
duration remains constant.

¥ietd (hg'ha)

O340 ppm @510 ppr @EA0 ppm Peurrani

Figure 3a: Yield at 10C rise in temperature
and different C07 concentrations

The cumulative photosynthetically active mdiation
(PAR) available fior photosynthesis remains more or
fess constanl with very shight varistion and so is the
development stage (DWS). LAI is found o change
very slightly bul biomass incressed considersbly,
Hemce, it may be conchided that the higher vield
ohtained with increasing OO0y concentrations i8 due o
an increased ic activity, where OOy
availability for photosynihesis 15 not @ constraint, A
comrelation between OO0y concentration and rate of
photosynthests was reported i quantitative studies of
Kreusler (1887), Brown and Escombe (1902), and
Pantanelli (1903}, The trends oblained in the present
study are i agrecment with those obtained by
Achanta (1993), using the CERES rice model
(Godwin et al, 1993} for weather conditions of
Paninager in Uttar Pradesh, However, the quantilative
expressions of prodoctivity changes differed much as
the simulation was done only for the podential
production situstion, Althowgh increasing atmospheric
OOy stmulates plant growth, the beneficial effects on
rice growth have been observed for levels only up to
500 pp. Furthermaore, the benefils of increased CO,
would be lost if temperatures also rise as can be seen
from the discussion bebow,

1.2.3 Effects of elevated temperature on the
yield af vice
The results of the effects of increasing lemperature on

rice yield are presented m Figure 3b. Cn an averaps,

there s n pradual decrease in yield ot higher
temperatres,

¥ield [kgiha)
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Figure 3b: Yield at 340ppm CO2 concentration
and rise in termperature

Annlysis of plots of LAI vs time shows a reduction in
crog prowth dusation at higher temperatuses and at a
given Tk concentration. This s essentmlly seem to
happen around the reproductive (grain filling) period
of the nee crop, thus causing the declime in yield ot
higher temmperatures. These results also corroborate the
findings of Matthews et al. (1995) in the case of
potential yield simulation.

3.24 Combined effecis of elevated temperature and
The combined cffects of temperatore and COy
meresse on mce vield are shown in Figure 3¢ The
fraction of current yield (FCY) depicts that the yield is
rechicedincreased by a faclor x Uimes the cumeant
yicld. Tt is & dimensionless varisble ranging from 0 to
2 Toe the different varieties growm in the study arees.

3500 |
2504

Moppm and 1C 570 ppm and 2C
BED ppm and IC .Edﬂli“

W Yiekd (kgha)

Figure 3¢: Cormbined effects of temgeratune
and CO2 rise

Variations in the tends of FCY are depicied in
Figures 4a to 4d for typical rice varietics grown in the
different study areas. The FCY curves show different
trends in the case of high yielding varieties (HYVs)
and iraditional varieties grown in Orissa, In the case of
CRI01E amd CR1077 (Figure 4a), there is a continoal
decrease in the yield upto +3°C and at all COx levels,
Beyond =3°C at all OOy levels, the yield is found to
inCresse.
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Figure 4a: Variation of vield under diffesent
chmnie change scemarios - CR1077, Plot 3,
Kandarpur in Crissa, 1996
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Fipure 4c: Yariation of yield under different climate

change scenarios — Red trivend, Pattambd in Kerala,
1994

The characteristic trend soen in the HY Vs grown in
Orssa may be attribued w the efficiency of thess
genotypes in accommodating itsclf to the chanpged
climate scenarios, These varieties, being penctically
engineered are able by sustain the adverse effects of
higher tempernbure, Though the normal perception is
that traditicmal varebics are more resistant @D
environmental changes, the present case, particularly
in the context of rice does not apree with this. In the
cuse of the traditions] variety, Jagannath grown in
Oirissa, the trend In the response of yield 1o changes in
OO0y and temperatire 15 quite &iiferent (Figure 4b). It
is soen that the yicld docs not stabilize even at +4°C
and shows & continual decrease at all COx levels, This
response of the traditional varctics may be stmbated
o the fact that these varieties do not have the cupacity
to withstand the cffects of higher temperabores, This
may be causing advemse effects on physiological
processes such as enzyme activity, photosyntheszs,
transpiration, ete, In the case of mce varieties - Red
triveni and Kanchana prown in Kerala, the vield is
foaned i be constant upio +2°C (Figure 4¢) at all OO,
levels afier which the vield starts decreasing. While in
the case of rce varetes grown in Temil Madw, the
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Figure 4b: Variation of vield under different

climnte change scenarios - Jagannath, Plot &,
Biribati in Orisga, | 996
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Fipure 4d: Variation of yield under differemnt
climate change scenarios — ADT36,
Kelamamthuvalosdi in Tamil Mada, 1997

responss of yickd to climate change shows a very stoep
reduction in yiekd especially beyond 42°C and at all
O bevels (Figure 4d). Although HY Vs are cultivated
in Kerala and Twmil Nedu, these are nod tolerant to
tempersiure mse a5 observed in the present stody.
Such trends may be attributed to the differences in
climatic and edaghic factors characteristic of these
agro-eomystems. In general, for all study sites, the
yicld is found to be stable with & slight decrease upio
#2°C und at all COy levels,

1.3 Key Findings

The study arrives at the following concluskons;

a) The operational framework for coupling spectml
inputs w0 the Soil Vegetation Atmosphere Transfor
(BYAT) Mudel, ORYZA for noce-based agro-
ccosysiems has boen catablisked. Spectral interfaces o
the SYAT meodel have enabled the simulstion of vield,
LAT and other variahles very close to the actual field
estimates, ¢} The resulis obinined from the different
levels of simulation have been interpreted for all dee
#ludy preas comprising different agro-ecological zones
viz., Cuttack (Orissa-Eastem India), Thanjavur {Tamil
Madu-Bouthern  India) and  Malappuram/Palakkad
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(Kembn-Southern India). About [00% incresse in nice
cultivation in coastal Orissa berween 1950 and |990
has contributed to the extent of more than 3008
increass in waier flux through crop transpiration,

d} Unlike Coastal Orissa, there has neither been a
dromatie  incresse m once  cultivation nor  the
phenomenal migration of moisture flux from rice
bised agro-ecological regions comprsmg Kerala and
Tamil Madu However, the increase in cropping
miensity has contributed fo 2 substanbial amount of
mivigtune gutflux in these ecosystems ag wall.

) Studics on the impact of clevated temperature and
Oy coocentrations  reveal  that  high OOy
concentrations  favor  production while  high
temnperatures ane associoied wiath viekd reduction,
Aggregating together the impacts of increased
temperafure pnd OO0y concentraton, 1 wis observed
that the negative impacts on yicld becasse of
termpersiure mise are likely to be compensated by
mcreasing 00, concentrations,

fj) High Yield Varcties (HYVs) grown in Cuttack
(CRINE and CRI107T) respomd differenily to
temperature rise by showing decrease in vield upto
43°C and meresse i vield beyond 43°C. The
traditional warieties (Jagannath) were not found to
withstand the effects of higher temperatunes and this is
the reason probably, that the wield continoes to
decrense with increasing temperabire, The HY'Vs
groeam in Kerala and Tamil Madu show condinual
decrease in yield at higher temperntures, Yameties
grown in Tamil Madu show greater yield reduction
than those groen in Kerale The trends observed in
the Southern regions heve been attributed to the
mherent agro-eoological conditions, In general, for all
study sites, the yield = foand to be less sensitive upto
F29C and it all OO levels.

g) From climate risk assessment point of views, the
study reveals clearly that nce-based agro-ecosystems
i Tamil Madu have shown much grester sensitivily
and variance to the crop yield with respect to the rise
in temperature, and thus having higher degree of risk
and vulperability followed by Kerala and Crissa,

h) The mopact of climste change on waker we of the
rice crop is found to be quite significant in the stwdy
sites Jocated in Orissa and thoss in Keraln and Toamil
Made With rise in temperare and OO0y
concentration, the waoiter use is expected to go up and
consequently, the withdrawsl of water from the local
hydrologieal cycle fo meet crop waler requirement
will increass  gignificantly in the feture. This
phenomenon may result m alermg the drological
regimes i many rice-growing ancas of the country,

4. Climate Change Adaptation for Food Secority:
Emerging Trends
Adaptation imwolves adjustments to decrease the
vulnerability of rnce production to climate changes
(Burton 2004}, There are & range of technological
options which could polentially be developed m the
near fisare for enhancing the rice production systems’
ahility to adopd 0 and mitigete te effects of climote
changes. The engincoring'techmological adapiation
options are more visibde (Box 1) than autenomous
adapiation at commumity level, which is mome
propounced wmong smaell and merginn] farmers of
South Asia. Reilly and Schimmelpfenng (19%949) have
shown the relative speed of adoption of vanous
adapention meagures (Table 1), While the time taken
ﬁ:lnlnﬁul}rauﬂadlpuﬁmmmmhuwiﬂy
o and fertilizer could be in the range
of 3 i 10 years, the hard options ke development of
mrigation equipment and fmigation systems take much
bomger dme. Inoa sigmificent work, Jodha (1989)
catimaicd reaponsc time of 515 years for ftems such
s productive life of famm assels, crop motation cycles,
and recovery from major disasters. Broad categorics
of responses  inchede; mmproved raining end general
cducation of populations dependent on agricubiure;
ientification of the presenl  vulnembilities of
agricubtoral systems; agricalbural ressarch fo develop
new crop varieties; food programmes and other social
security programmes o provide insurance against
supply changes; transportation, distrbution, and
marked integration to provide the nfrastnecture to
supply food dunng crop shortfalls; removal of
subsidies, which can, by limiting changes in prices,
miask the climate change signal in the marketplace,

Table |: Adaptation options (Source: Reilly and Schimmelpfenng, |999)

Adaplation Measures

Adjustment Time (years)

Varicty sdoption

34

Dame and i

H0-100

Variety development

B-15

Ti!lwl

10-12

Openimg new lamds

3=11

Irrigatiaon equipment

225

Fertilizer sdoption

{1
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These adjustment times indicate that soft options
could be more cost effective and hence should be
cxplored first, Often the soft options may provide dus|
acdvuntage of gearing up for the fusture climate change
as well a8 providing benefils under the presend-day
conditions (Ravi, 2009). Adaptation leading to
adjustment  between rice ecosysicms and climate
conditoms 15 therefore necessary m  omder o
counterbalance any negative impacts of a changing
climate, Farmers must have the ability to adjust to
changes by adapting farming peactices. Adaptation,
such as changes in crops and crop vaneties, mproved
changes in planting schedules and tillage practices
will b important in limiting the negative effects and
taking advantage of the beneficial effects of changes
in climate. More efficient use of mineral fertilizers and
other adjustments in agncultural practices could also
act to coumicract the cffects of climeate change (Derwin
et al., 2005 and R, 2008). Various types and levels
of techmological and sociccconomic adaptations o
clmate change are possibbe, The extent of adaptation
depends on the affordability of such measures,
porticulardy in developing countries, Recent national
studics show that the increased costs of agricultural

prodwction under climate change scenarios would be a
serious sconomic burden for South Asian countries,
Oither mmportant factors will be access to kooer-howr
und technology, the mte of climute change, and
biphysical consiraints such as water availability, soil
characteristics and crop penetics (Mguyven, 2005), The
biggest problem  arises  with  the uncerininty
surrounding the effects of climate change and the
unkmown time frames. For vast majority of developing
countries chimate change 15 a distant and mvisible
threat whereas they ane presently exposed to a range
of stresses (including chmate relted shocks such as
cyclomes, droughts and floods). If climate chamge
response strafegies were 0 be embmiced by these
countrics it is imperative that such response sieategies
nre aligned with development agenda, Also, the local
population should fieel that the adspiation is relevamt
und in their own interest, [t 15 unrealistic to expect
apecinl policy initEatives to deal with climate change
odaptation by itsalf, especially when so many of the
sugpesicd  adaptation measures (such a8 drought

planming, coastal zome management, carly waming

cic.) are currcatly being addressed in other policics
und programmes,

L:"I': T:l:ll.l:l.iu.l upt]mn far -hlrl:lliun-nfrin: crop tn smppart Fl:nl:nn:llnnl:':lr.ﬂ:}I

Belection of appropriate planting date: Geermination and smergencs of rice sesdlings are more likely o be governed by
maximumn and mdndmum eoperaiuse. The selection af the eppropriate date Gor planting the moe crop holds the key. As
temperniure varies from month bo monih, 5t is possible 1o select the nght date for crop establishment in sach a way that the
reproductive and prain filling phases of rice fall into those months with 8 relatively fovorsbde temperstare, This woald
mintmdze the negative eflect of emperature increass an dee yseld. Effars o collect and disseminate the infemation an
month-to-month yaristion i temperstare regimes &0 m&jor fee-growing arcas, therefore, are essentiol for helping rice
production to adapd o climate changes.

Select and d el riate varieties: Rice vanetes have differeni ahlalites o tolerste high

temperntare, salimity, drought and flopds, Rice varieties with a kigh kevel of salinity solerance have besn wtilizsd to
expedite the recovery of fce production in areas damaged by the teivami. The selection of appropriate rice varieties is,
therefore, another technical option for Idlptu.hl;u'l. tn glohal climate changes. Also, the development of rice varieties that
have not only high-viglding potential, bat alse 8 good degres of tolerance to high tempemture, salinity, drosght and flood,
wald be very hefpdial under the envirenment of global warming.

edd: The high CO32 concentrafion present in the stmosphers
Luhghbi]mfmlngmuldhhﬂmm&dhwmmwwty of the fee crop. The praim vield of [RB. for
exarmple, was sigmificantly mcreased with corbon dioxide eorichment before and after heading. Eﬂ-ph:m.,m:hum
and sorghum, are more peodective than C3 fee and whent, because 4 plants are 30 to 35 percent more efficient in
phodosynthesis, capeeially when the level of CO2 comcentration n the atmospbers ts Mgh. Cloned genes from madee may
be required &0 regulate the production of enzymes responsible for C4 synshesis to alter the photosmymibesis of rice from O3

to C4 pathwmy,
(Sparce: Nguwen, .M, 2004 and Peg et al, 2004)

&, Cross Cutting Isswes: Integration of Disaster
Risk Reduction in Climate Change Adaptation
In the brosder sense, climate change adopiation
envisages climate proofing to the development
programmes. At community  level, there 1is

sutonomous  adaptation  which depends on  the
inherent  adaptive capacity, Capacity could be
enhanced further by more investment and pbsorption
of technologics. It's a basically a planned adapiation
ond most of the inferventions of policy and
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investment levels are made to realize this. Further,
there are externalifies, like Bali Action Plan, which
bring priorties on strengthening both planned as
well as autopomsous adaptstion (Buron 1 2004,
Fussel HM 2007; Ivey JL et al 2004; Moench M,
Drixit A 2004). Digasier risk reduction is aimilar to
climate change adaptation in seweral ways but not
the exact Thers is autonomows resilience which
brings mm copmg at the community lewvel
Preparedness for risk reduction calls for applications
of technologies and also investments. There are
cxternalitics like Hyopo Framework of Action
(2004 which ploce focus on disaster risk reduction
by strengthening sutonomous resilience as well as
preparedness, What s therefore required s the
intcgration of disagter risk reduction to climaie
change adaptation and vice versa (Pearce L 2003;
Pittock AB, Joncs RN 20000, Intcgration of Disaster
Risk Reduction (DER) mte Climale Change
Adaptation (OCA) is onc of the challenges of crop
risk management especially m case of ree in South
Asia, There are several cross-cutting issues and the
task cen be addressed by identifying those aress
which create divergence between DRE and OCA
processes, as also those which create convergence
between the two. The forces that create divergencs

are the followmg:

Figure 5: Twin processes of Climate Change
Adaptation and Dispster Risk Reduction

arcangements that exist in South Asian countries are
such that DRR and CCA experts and functionaries
are wsually different, respond to different needs and
io the different coostiluencies and do nod have
autharity to implement policy deciaions in the areas
other than their specific responsibilities. In fact,
guch structural basriers also cxist at international
and regiomal levels.

DRR and CAA policies, planning and programies
often take place mn isolation without sharng the
respective goals, methodologies and ohjectives.

Lack  of Relevant Informarion;  Information
concermed with DRE and CCA are mberently
complex which cannot be peckaged easily for
mtegration mto respective concerns, DRER related
info, for example,
environmental and socio-sconomic mformation of
underlying risk factors which are required in support
of pursuing CCA.

Ad-hoc Shori-term Approackes: For most of DRER
projocts, risks to imvestments are nod considered for
the full life-time of the project and thus ignores
climate change risks, imgact and adaptation factors,
The convergence between DRE and CCA processes
has been observed in certain types of projects which
need to be recognized for  scalingup  and
replications i the region, especially through
regionnl cooperation, These are;
a) [ntegrated Coastal Zone Management
b) Participatory Watershed Development
Programme
¢} Land Use Planning in areas sensitive (o
climate and disaster rigks
d) River-basin Floodplain Maenagement
¢} Integrated Drought Mitigation

The tools and techniques used for DRR such as
eurly  waming systems, hazand, nsk  and
vulnerability analysis, risk assessment  and
monitoring, sk mitigation as well as response
strategics noed to be integrated with CCA strafegies
in the critical sectors like human bealth, food, water
end environmentsl security, sgriculture, forestry,
tourism, efe. There are success stories and good
practices demonstrating such  integration, which
should be replicaied and  further scoled wup
(Farrington, 1997, Govi of India 2006 and Eerr ot
al,, 2R2). There are enabling mechanisms for
integrating DRR and CCA through imtegration of
gppropriste  technologies  like Information  and
Commamication  Technologies (ICTs), Automatic
Weather Stations (AWS), Doppler Weather Radars
(DWR) cic. Similarly, networking of DRR and CCA
instilutions at national, regional and global levels
coupled with multi-stakeholder communication and
dinlogues ps well as exchange of information and
cxpertise may catalyze such integration. From the
‘eonceptual  framework” a8 outlines above 1o
‘actionable strategics” (Figure 6), the following
sleps ane suggested:
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Siep I! Tarpeting Climate Related Disasfer Rigks:
Most of the Hazard, Vulnerability and Risk (HVE)
Assessment cfforts are based on the frequency of
occurrence of disasters in spatial and temporal
domaing. Climate risks are not captored well and
also the simulated climate change scenarios are not
factorized to target the climate related disaster risks
especially in the *hotspois’ of South Asian region,
While the strategy calls for recasting HYR mapping
cfforts, such cfforts enable closer integration of
DRR and CCA in the operational domain of end-to-
end project implementation. It is here m this context
crop risk asscsament assumes significance.

Step I Designivg Rivk Reduction  Srotegies:
Designing Risk Reduction Strategies for hydro-
medeorological risks muost essentially be hased on
using the knowledpe of climate risks. For mstance,
if it is to develop an effective and people’s centred
EWS o provide ‘nctionable’ information about a
climaie hazard to & vulnerable population, the
pssessment of climate sk should form the key
inputs, Further, the sirafegics must be dynamic and
in tune with the changing practices and conditions
such as depletion of the ecological foundation of the
nivturnl resources such as coral reefs and mangrove
forcais may aggravate risks; further effective
insurance and micro-finance initinfives to transfer
risks and provide additional resources may reduce
risks.

Step I Integrating Climate, Weather & EWS
Information fn  Decision Making: Besides
implanting DRR in CCA projects, if 15 Imporiant to
utilize advanced climate forecast information in
monaging risks from the existing climate vartability
and alao utilize resulis from climate change models
cspecially where known climate change impacts
lead o a certain direction,
DR - CCA Integration

Figure &: Converging und diverging fectors of
Climate Change Adapiation and Dissster Risk
Reduction

As climae hazards are growing in pumber, more
end more people in the region are fuming vulnerable
because of poverty, powerlessness, population
growth, and the movement of people o0 marginal
arcas. Climate change has the potential o derail the
poverty alleviation efforts in the region, pumishing
first and most, the very paople least responsible for
greenhouse-gns emissions - and mcrensmg their
vulnerability to the natural disasters  further,
Concerted national efforis are necessary in support
of climate change i and disaster risk
reduction. Uniquely, with the inherited traditional
knowledge reflected in seweral  autonomous
pdaptation prectices o reduce the crop vulnerability
in face of weather variability, South Agia has pot the
civilizational heritage in terms of indigenous coping
and community resilience. These heritages need
further empowerment in terms of fechnology and
knowledge 10 withstand the potential climatic
shocks and their extremes, Further, with the
growing climate risk, the adaptive capacity in South
Asin 15 to be enhanced by providing the necessary
financial resources, accoss to technology and
knowledpe, and by cnhoncing the institutional
capacity. For example, the capital-intensive
pgricultural systems are less sensitive o climate,
perhaps because they can control so many more
mputs. Agriculture, water management, land wse
practices etz in South Asia are therefore to
harmonize with changing climate regimes,

5.1 Thematic Areas for Enhancing Adapiation

The following focused thematic arcas are
recommended to pursue in addressing cross-cutting
issuea and promoting integration of DRR into CCA,

I Adaptation o Climate Change

» Adaptation to climate change impacts and nsks
in vilnerable communitics, locations and
Beosysbems,

= Adaptation in seciors (o8, water, agriculture,
fisheries, health and biodiversity)

= Adaptation o extreme climate events (e.g. food,
oyclone, glacial lake outburst, droughts and heat
and cold waves)

® Adaptation o climate change impact (2.2 sea
level rise, salinity intrusion, glacial melt and
coastal and soil erosion,)

= Adaptation suited to urban settlements, coasial
structures and mountain termain

I, Managemeni of impacks and risks due fo climate
Change
* Climate risk modeling and capacity building in
the region on impact assessment of climate
change.
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* Sharing of information and capacity building i
the management of climate change impacts and
risks through cooperation in early forecasting,
waming and adapiation measures,

® Cooperafion in exchange of information on
climate and climaie change impacts (e.g, sca
level rise, glacial melts, droughts, floods, atc.).

» Cooperation and sharing of good practices in
disaster management

6. Conclusions

Rice holds immense importance for food security in
South Asia. At the same time, rice is extremely
sensitive to the climate chamge. The climsate risk
nssessment of rice is therefore an imporiant espect
for adaptation options. The present  stody
demonstrates crop simulateon  modeling  based
approach for climste risk assessment to the mce crop
grown in different agro-ecological zomes of India,
The results show that climate change as such could
hive major impacts on rce production even ot the
farm level in three major rice based ago-
eeosystems, While the decline in expecied vields
due to temperature nse is likely to be compensated
by the increase in yields due to high stmospheric
C0y; concentrations, it 18 not oniversal n all the
cases. Hice pgro-gcosysterns in Tamil Madu Siate of
Indiza have shosm much greater varance with
respect 0 rise in lemperalure vis-d-vis yield, and
thus kave higher degree of climate risk than the rice
ecosystems of Kerala and Orissa, It i3 necessary o
develop the crop varicty by which rice plants may
perform better from increases in atmospheric OOy
while minimizing the adverse ecffects of warmer
temperatures, Since if is Hkely thai the pegative
outcome for rice would be compensated by the
development of new varielies, il is imporiant io
other hand, the positive effecis are likely io be
limited by physiological scclimatization and
unpredictable occurrences of extreme  weather
conditions. The sdaptation of rice-based agro-
ecosystems o climate change depends om such
improvements in crop varieties. The soft adaptation
options like agricultural extension services, kand use
options of building dams and reservoirs, which lake
longer time to sdapt o the climate change. The
cross-culling  instilutional issues  are  equally
important whils integrating disaster rsk reduction
ity chimate change adaplation  Walershed
management, coastal zone management, food-prone
river-basin and land wse planning have shown the
possibilitics of integrating disaster risk related tools,
techniques and information  into  muli-sectoral
climate change adaptation strategies. Particulardy,

the imiegration of disssier nsk reduction inio
agriculture sector especially those related to rice
provides yet another opportunity for food security in
changing climate regime.

Appeadix 1

Study Areas

The study has been conducted m three different
agro-ccological zomes of India. The threc smdy
areas ang located m Keraln, Orissa and Tamil Nadu,
In India, rice is bydrologically characterized based
on the ramfall of different regions. Kerala is
representative of regions with rainy scason for six
months or more vielding two to three crops of nce,
Cirissa is represantative of regions with rainy season
for three months or more vielding one crop of rice
while Tamil Madu represents regions with rainy
season for two months or more yieldng just one
crop of rice and that too with supplemental
rigation.

Cutsack, Crizsa

In Cuttack, Orissa the study has been camried out in
collaboration with the Central Rice Research
Institute {CRRI) located at Cuttack in Orissa. Figure
I shows the location of the study sites in Cuitack,
Cuttack is situpted at 20° 48N latitude and E5°E
longitude in the coastal tract of Orissa comprising
the river basins - Baitarani, Brahmani, Mahanadi
and Rishikulya. This region is the most fertile area
of the state and is composed of alluviel deposits
with varying textures. Birbati and Kandarpur
villages of Cuttack are the actual study sites and are
pituated at an alifede of B3.2] m MSL. Biribati
village is locaded 5 km from CRRI and Kandarpuar
village iz situsted 11 km from CRRI The amnmual
rainfall at Cuttack is about 1225 - 1575 mm and is
miostly received during June to October from the
southwest monsoon (Anmunl Beport 1996 - "97),
Ten representative farmer's field well distributed
over the entire area was selected i Birbati and
Kandarpur villages of Cuttack during Eharif 1996
and 1997 for observation and distincirve sampling
of plants. The study arca has the unique
environment for mce cultivation especially with
respect to rainfall, temperature, sunshine hours, soils
and other climatic fisctors,

Tavanur and Malappuram, Kevala

Keorala ia gitusted between B° IR o 127 4B'N
lotitudes and 74" 527 f0 77" 22°E longitudes, It has o
coast line of 390 km (Figure 2). The major crops
grown in this region are nice, fapioca, banana and
other plantains, coconut, arccanut, pepper, Tubber,
ginger, cardamom, ten, coffee, cashew and cocoa,
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Figure 2: Study sites located in Kerala

The average annual rainfall in Kerala State is 3125
mm. Kernla has 54133 thousand ha onder mice
coltivation, Rice is mainly growm under fooded
condittons, Rice 15 fransplanted or direct seeded
during three seasons depending on the availability
of water and other local conditions, For summer rice
under limited resources of water, supplemental
trigation is practiced to the advantage of saving
substantial quantity of irigation water without any
gignificant reduction m yicld. The rice vanctics
grown in Tavanur study site include Aryan and Jaya
and those grown in Pattambi mclude Red Troven

and Kanchans Data for ISRO-GBF S5VAT nce
maodeling collaboration project were obtained from
Kcrala Agricultural University {KALD, Tavanur.
The two study sites are located at Tavanur Campus
in Malappuram dismmict and at RARS, Pattambi, in
Palakkad district. Tavanur is sitoated at 107 53’
30N latrtude and T6°E longitude at an altitude of 10
fm above MSL, Pattambi is siated at 10° 48'N
latitade and 76° 12'E longitude at an altitede of 25 m
above MSL.
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Figure 3: Study sites located in Tamil Nadu

Therrjervier, Tomid Nogh

Tumil Nedu, generally expericnces a suby tropical
climate throughout the siate and there is oo sharp
viriaton o climate. The anmual minfall in Temil
Wadu varies from a minimum of 400 mm o a
maximum of 4300 mm snd the average anoual
rainfall ia 92% mm. Thanjavar is located in the
eastern part of Tamil Nadu and is situated bebaeen
Iatitudes 10° 20" to 11° 25N and longitudes 78° 49
to 79" 30°E. It has a peographical area of 1691.29 sg
km. The study sites lie in the southern ion of
Thanjevur district i Tamil Nadu (Figure 3). The
study sites inchide Kelamaruthuovaksdi,
Suriyanarkoil, Ammachathiram, Eragram and
Kadalangudi. The average rainfall of this region is
987 mm. Imigated lowland typically represents the
rice helts of Tamil Waduw,
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Methodology

Field data pertaining to LAl and total dry matter of
rice were collected throughout the prowing senson.
These data were used o simulate yield using
ORYZA] and ORYZA W per se. The two models
have been coupled with remotely sensed inputs of
NDV1 denved wia field spectromadiometer
measurements as well a8 from NOAA-AVHRR
satellite data. The spectrally interfaced model
outputs including yield have been validated with
field mepsurements for the different fest sites
included in the study and has demonstrated the

simulation of vield very close io the actual observed
field estimates. Uging the spectrally interfaced and
validated versions of the two models, vie, ORYZA]
and ORYZA W, simulations were carried out to
quantify the effect of femperature and OO changes
on the wyicld of rice grown in the three agro-
ecological oomes, Twelve different  scenamos
(Matthews et al., 1995) that result from changes in
tempeTiune u.n.d. atmosphenic OO0y concentration
were cvaluated with the model for their impacts on
rice cultivation. The 12 different scenarios chosen
for the analysis are given in Table.

Table Changed ternperature and OO, concentration scenarios

in codcenlration in enrrend
320 ppm OO, concentration Cusrend icmpershee
+1'C, +3°C, +3C, +4'C rise in clment iemperiture
510 ppm OC% concentration Ciarens
H1°C, 470, 4370, 4-4°C rise in cusTent iempermhme
GED ppm C0Oy concentration Clorrend lemperslion:
+1C, +2C, +3°C, A0 fss in custenl lemperalise
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