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“Food insecurity is an enormous challenge at a global scale, with
strong implications both for environmental Management and for socig-
economic development” (Rockstrom, 2003). This is exaggerated by
persistent drought and uneven distribution of rainfall resulting in low
aop yield. As the results, millions of lives are threatened with starvation
aused by food shortages particularly in the arid and semi arig regions

where majority of population still rely on rain-fed agriculture to secure
food security (Ntsheme, 2005).

The majority of the affected population threatened with starvation
resides in the rural areas with little or no income at all. It is projected
tha.t I_arge number of population will be without food in coming years.

> IS exacerbated by slow economic growth and poor performance in
m;iglculmral sector. It is likely that the increment of the food gap will
(Kundig the near future intensifying the shortage of food in the region

nde et q] 2004).

In th. 1 . . . .
“Utrition;f context climate change is playing crucial role in food and

“guably >ecurity with Jess availability of water. Climate change li
nd futy e - st severe long term threat to development facing preserzi
unpreCede §enerations across the globe. The past 50 years have wufru;ssije11
dregionn;Ed changes in the eco-system. Eco-system changes 'ond g ,o ;e
COI]diﬁ(msa Scales have already affected natural resource base 1}:\ lll\velx;1

Tionditions "nd envir onments. It adversely affects not otx;g'st f((;r thei%

Velihood %! people who depend upon these eco-5ys

! I g i tem at the
My, levg also influences the whole socioeconomic §y>

A
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resource base, including land and v,

and sustain the livelihoods of masses is degrading Ewﬁ.ﬁ thay
Melting Himalayan glaciers pose a direct threat to the MMO_EE
security of 1.6 billion people in South Asia region as per ate
of Asian Development Bank (ADB). The situation is :.roq_onc
the water scarce regions in terms of severe drought m:m\ t
conditions are likely to disrupt the balance in the pattern of floogs
and demand for water across agriculture, domestic and _.:assz.;
This will lead to reduction in the choice of crops and cro ustry
posing threats to food security and increasing frequency of Pping ¢
disasters (Anon, 2009). Water
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Assessment of climate change in South Asian countries

The climate change can be easily visualiz
ed by analyzj

that how temperature and precipitation are nrm:mw:vw m:mv“:m fable
M z_._m <m:~m.o<mn the period of time. Though the average m::M:_ mr_.?.:m
nrwzamwn Hﬁ:r no change, E: the numbers of rainy days m:o:wm M:am,:
&m&mim_nm Moﬂcﬂwmm wm Em:w ﬂmv\w are getting few in numbers E:HM:M

3 ew day high volume of ) .
main cause for flood and even for prolonged m“\.,\v\mwﬁnﬂmﬁo poured. Thiss

_NU_N 1. Sur m m_< D‘ rm OUmm—<mQ v d Q v_mmm:ﬂ n__:_mnm __W:QM anc

C :
ountry Change in Temperature :
India e Change in Precipitation
in Qmmmimmwﬂm:wﬂ smo:E? Increased extreme rainsin
temperature . north-west in recent decades,
. lower number of rainy days
epal 0.09°C rise per year along east coast
Fin H;
In winter d recipitati -
Pakistan %@@A_ﬁzm:o: records for 1948

0.6°C-1.0°C rise j

tempe ! Mean

rature in R
Coastal argyg 10-14% decrease in coastal belt
M:m. hyper arid plains, increast
uring summer and winter 0Vef

1ast 40 years in Northern

Banglad ;
gladesh Increasing trend of b Pakistan
inMay and 0.5°C i oo 10°C
during 1985.98 Ovember | ¢adal rain anomalies above

Ong ¢,
8term averages since 19605
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Increasing trend in February
and decreasing trend in June

@oﬁ increase per year
iween 1961-90 over entire
be 2oC increase per year

| highlands

ange in South Asian countries

~ ¢ climate change can be visualized from the table 2 with
?m_ammn:.na of the socioeconomic damages caused due to flood
es. Due to climate change flood situation

jan countrl
are causing heavy losses in terms of deaths, injuries

nomic Damages caused due to Flood Eventsin South Asian Countries

Nepal Pakistan  Sri Lanka

mu:m_umom: India

Umammnm

Deaths 52033 55656 5637 8877 1050

ffected 304628928 763986965 2977703 37687043 7957127

Moam_&m 4219724 13210000 84925 4234415 2746601

Injured 102390 1561 1072 1981 1002

Total Affected 308951042 777198526 3063700 41923439 10704730
29417188 977213 2865178 374364

Estimated Cost 12038400
(US$ ‘000)

Flood Disaster i

n South Asia (Anon, 2009)

Climate change scenario

temperature increases and decreases 1n
ater use, have caused water

vers. Similarly, water
d urbanization and
ter use, which
on demand,

In parts of India,
precipitation, along with increasing W
shortages that have led to drying up of lakes and ri
shortages have been attributed to issues such as rapi
industrialization, population growth and inefficient wa
areall aggravated by changing climate and itsadverse impacts
supply and water quality.

Water availability in India

?o:_;vm gross per capita water availability in India is Eo_.mﬂwm Mmmwmnwwnm
result ot 1820 m?/yr in 2001 to as little as 1,140 m/yr I 20 b
m cates that India will reac

C: Om %uo . . R

a pulation growth. Another study indi | i

mm_m_ah_ of water mqmmM before 2025, Ermswﬁrm availability 15 m_‘o_mn.ﬂnmm :w
oW 1,000 m® per capita. These changes are due to climat!
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demographic factors. The relative contribution of th

known. The projected decrease in winter Precipitatio, Mmm mmﬂo; .

subcontinent would imply less storage and greater SmﬂoemH the __m n
the lean monsoon period. Intense rain occurring over g, %n Stragg aﬂai
implies increased frequency of floods during the Sosmﬁ. day sw_gw
result in reduced groundwater recharge potentia] Ex moo.? mMay __;
under severe water stress will be one of the most vwmmmm:v sm_o.s of mwmc
problems in India in the foreseeable future, as the ::mz M:<:o:5§m
living under severe water stress is likely to increase m:_uma of Peop
absolute terms. mﬁmszm:w :

Potential impact of climate change

Impacts of climate change on agriculture which are: (a) |
CO, to 550 ppm, this will increase yields of rice, wheat, Je N\Crease
oilseeds by 10- 20%; (b) A 1°C increase in temperature Emvw ammmgmm.ma
of wheat, soybean, mustard, groundnut, and potato €€ Yields

‘. U WINOQ.
Productivity of most crops to decrease marginally by 2020 mﬂa Sw A%
WWOWHMM. anm.wﬂm droughts, floods and heat waves will M:Qmmm\m

uction variability; (d) Len f i iod i i .
ey mvaQA ) : WE. o §rowing period in rainfed areas s

St ally in peninsular regions and southern India; (e
HWMVBWW_EW nwm Wwater will be come down; (f) the soil fertility of EA;W
considerable mmmwmwm amm to decrease in potential organic carbon; (8
improvement in . a:Qovmm\ Pathogens, and insects; (h) Possibly some

yrelds of chickpea, rabj maize, sorghum and millets; and

(i) Less loss in potatg .
due to wmacnmnwaoﬁ mW::MMMa = NEgeRiblEs in gortheyestern, nlk

Adoption Strategies

Some of the otenti
with the sudden n:MsmM H_aﬂqmﬁm@mm are started to follow to cope W
technology, vﬁmavmﬁo‘é Smmv. USIng traditiong] wisdom, location specifi
Proper governance, sharing owu.n: and development, capacity building
0

omn_. . .
—Emwm nTmSWm ;mw.vm 5O~.~5NENM~5mQOD mn<mﬂ—.OCm_m<DmmnTm :ﬁﬁmg

ge and its Effect on Water ><u:m§.:€
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Guiding principles for adaptation to climate change

climate Char

le3 i
aM stainable Development  Adaptation must
1. u

ace.:m
Nmenta]

poverty, hunger, dise

h ases and envyi
degradation WG

Building resilience to on
change calls for adap
addressing existing pro
management

moEm and future climate
tation to start noy by
blems in Jand anq water

2 —Nmm:mmﬁnm

Strengthening institutions for Jang and water
management is crucial for effectiye adaptation
and should build on the principles of

participation of civil society, gender equality,
subsidiarity and decentralization

3 Governance

Information and knowledge for local adaptation
must be improved, and must be considered a
public good to be shared at all levels

4. Information

5. Economics and Financing  The cost of inaction, and the economic and social
. benefits of adaptation actions, calls for increased
and innovative investment and financing

Relationship between water supply and crop yield

Agriculture is important to our economy, culture, m:a. m:«qczﬂmmw
but is subject to mounting pressure from c:noﬁqO:ma E_u,.gsmr_g.“_wﬂwmm?mmr
market pressures, and threats to the reliability .m:a BS:m _N_v kil
water. Actions are needed to both ensure a m:mn::‘mzm agricultura
and to reduce the amount of water required for it.

ater
. . s can reduce W
Water conservation and efficiency improvement

. : ield.
. . ] . oinino or increasing Crop Y
use and improve water quality while Bu_=~m5_:m:<mm§m:~ which can be

Yet these improvements often entail sign jcan educe this barrier.
a barrier to implementation. Smart policies can r | -
oughout the crop life cy¢

- requirements ¥ r [rrigation scheduling Eoimmm a

depend on weather and soil conditions. ter sufficient to meet Crop
Means to evaluate and apply an amount of wa ¢ scheduling can E:.:w_‘
'equirements at the right time. While ﬁn.owm e Em_m pzm\o;:m_&w
INcrease or decrease water use, it will likely H.:mu.mm [tis likely EN.Z__.HEMO
(sulting in an improvement in water-use ef :Q.mzmv\?unﬁ supply. :Emum
5905033- of water mE—u—u_v‘ above the require line in crop v:ma a
mnEm<m Bmxmgcannovv}m_m Emmrnnm:mm dec
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jvity this can be clearly Visug
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—
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uvwn_&

Incremental Crop yield (Kg/ha)

—

of applied water (Rainfall + irrigation supplied (m’)

Inremental unit
Figure 1. Crop yield and applied water relationship
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rvesting systems to increase water Productivit
18%

e is to solve the problem of food insecurit

water :am:mmmﬂo:" on :.:Eoi:m mon_v

o, of rainfall in rain-fed agricultyre .

at least 70% is lost to the erap mmnM..E&Eo.m to
e and m:nmmno. runoff”. While large ?Mmmuoﬂ.m:o?
. 10s f, m<mﬁo§.ﬂo? and drainage, the W:Sw.mﬂmsz of
all 18 spell causes crop failures. The rainwater mana asonal
tential to increase crop yield (Figure 3). mmwﬁmn can
to improve soil moisture especially during the ater
11 in the growing season (Rockstrom, Noomvm:ou

¥ by exploring
d security. On

the PO
n To:u
d dry spe€

nt systems (Within field/internal catchments systems)

atchme

harvesting systems
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through
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techno] g and management of water resour

ogies which can save energy and water.

Low
Cost water saving technologies
ndly low cost

ter at national,
rative need.
he water

.mn?_—”mwswm_unm application of appropriate eco-frie

~mmazm_m s and management practices for saving wa

Varioyg mm:a community and household level is an impe

Cises, uch technologies have been designed to cope-tP witht
or example;
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(Ngigi, 2003).

A.

Land shaping technology is an improved agro technology (Figure 4
The benefits of this technology are; (a) three dimensional a&a_
water, air) crops; (b) Option for integration of agriculture; a
Agquaculture with duck rearing; (d) Introduction of double and mim
crops; (e) Additional crop in pond & land embankment; ({
Harvested water utilized in 2™ and 3™ crops; (g) Conservation of

ground water; and (h) Energy saving module.

InG i i . .
angetic plains of Eastern India, moisture conservation technoleg
production. The othe

”MS vmw: used to enhance and sustain farm
.Q:».szm.uEJNK_Qo Level Water Resource Development through
ell Technology designed by Water Technology Centre

Bhubaneshw
i SmMBﬂMMn;m _m.n::o_omv, involves a system of tanks and dvg
e. While tanks store run-off water which is amea_&
seeped in from

for irrigation v ater
, b

In Arunachal
raised and mwzmmnmmmm? bunds which used to demarcat¢ plots art
cultivation, Simil J:ﬂ and used for finger millet and <mmmg%
arly, in compartment bunds plot may be used am
dom of AP

1825:%
Bt culture by following the traditional wis

AHOBBE:.

ity level

t n—.—m

0 be constructed to mm” amEm\. water distributaries/ Nallas e
re mosnsm water during rainy mmumc?

— =

red @ rvested water may be used for, irrigatio
industries, navigation etc. with proper m:o? domestic,
cations.

fficient and water saving irrigation technj

y, soil types and crops allocated. B ,”E:om as

fficiency can be improved and saved water w: : rwo water
Yy be used

per -
e DﬁOD e
t work.

mBﬁOﬂwms
. igation 15 ON€ of the important tool
g, DripP W:m%ci:m climate nrm:Mm. This "on_w:ﬁon_www ﬂm:oa ater
from no:<m::o:m_ use of water for mimm:o:momowmis_
xample; the percentage yield of Banana cro ) using
1 method would be 57.5 t/ha, while by :mmm :M:,_m
11 be 87.5 t/ha resulting an increase of 52% E%a mﬂ_,m
Adoption of drip irrigation will
. y sec ty, water security, food security
an migration In global change and population
ce scenario. But drip irrigation has also some
s can only be used for wide spacing row crops.

isualized from Table 4.

itw
o the tune of 45%.

oblems of energy securi

resource imbalan
limitation that thi
The details can be v

Reduced
Migration

Diversified
Agriculture

Impact of
Landshaping
Programme

Multiple
Cropping

Environmentally
Sound

Figure 4. Impact of land-shaping programme
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. rrigation OVe' Conventio i _:_mm:o;
genefits of 7P il oy yield Water Increagos
o:en:ma?_u Unmdm: increase savings wate c... X
— Sy | (4) _cficieng, .
\&
- §75 52 Mw 146
Banana “Nw 32.5 e e
Grps o0 150.0 50 61 289
SweetLime 1 109.0 98 g 167
Pomegranate ,mm 48.0 50 o L15
Torato 27 £50 88 e %
Watermelon =% 61 44 63 291
Chillies 42 :
170.0 33 56 204
Sucarcane 1280 —

It is well aware that already mo.o. per cent of Gmm.,.p:m 2:.: 60.0 per
cent of the farm area are facing physical water scarcity. Projecting the
food demand in 2050 at 400 million ﬁo::.mm requires an additiong|
irrigation of 60 mha, and this would create livelihood opportunities byt
will also demands huge investment initiatives. In the present context,
the approach for climate change adaptation should be through promotion
of National and local institutions, integrating integrated water resource
management (TWRM), focusing on supply management-infrastructure,
demands management-institutions, etc. However, the present
institutions, management system, and infrastructure are inadequate to
deal with the exigencies of climatic change. Thus, in addressing potential
water .m:onmmmw as much attention should be given to managing demands
as to increasing supply, by introducing more efficient technologies
well as simply promoting a culture of conservation (Anon, 2009).

oﬂmsswmwmm the water use efficiency by proper water management

g things need to be followed, those are:

i Wmmmwm”._m.zm water data base in public domain and assessm"

citizen and state mm,.% change on water resource; (ii) Promotion

preservation: (i1i —u_o:w for water conservation, mﬁm—ﬂo:nm:o: m.:
+ 1) Focused attention on over-exploited areas (i

_:Qmmmm:msaﬁ
g er use efficien . . .
integrated water resources %WMWWMH\@\ ”:a (v) Promotion of basin
m:.

foll

Efficient water use mmmn_m:e(

Water say;
i Vings achj
Improve . ieved ) . iency
MeNts are just g effecti hrough conservation and effic! and
V€ as new, centralized water storag®

v

—

nsive. Many proven technologies an
se efficiency. Strengthen and expand
logies and practices.

d practices can
efforts to promote

prove
the U5
7 Revise &

im
nd expand “Efficient Water Management Practices”

i for
al water agencies.

Make agrl

H:E&N.SQ

Board. | |
elop institutional mechanisms to increase the reliability of

Dmhn:::nm_ water deliveries to users meeting high standards of

m . .

%mnm?cmm efficiency.

and water-efficiency information, evaluation programs, and on-

ical assistait ® provided through Agricultural Extension Services

Jtural outreach efforts. Four scenarios for improving the
f the agricultural sector are evaluated:

cultural “Efficient Water Management Practjces”
and enforceable by the State Water Resources Contro]

Exp
site techn :
and other agricu
water-use efficiency O

Modest Crop Shifting - shifting a small percentage PYR
water-intensive crops to higher-value, water-efficient crops

Smart Irrigation Scheduling - using irrigation scheduling information
that helps farmers more precisely irrigate to meet crop water needs and
boost production

Advanced Irrigation Management - applying ma,‘u:nma. management
methods that save water, such as regulated deficit irrigation

Efficient Irrigation Technology - shifting a fraction of the crops irrigated
using flood irrigation to sprinkler and drip systems

Water conservation and efficiency scenario

Today, the challenge is to envision an agricultural sector that continues

o Supply food to the state and nation, to support rural livelihoods, and
H_Msm_:m consistent with the goal of long-term sustainable water use for
sn State as a whole. There are many different ways for E_mmnoqw_ E.n_mmm

e Productively. Farmers have long shown themselves to be tlexibic,

d : - id and
=§m=:n. and innovative in response to water constraints. But rapid 2
"Planned ch It in labor dislocations,

debt, ang . 21'8€S in water availability can rest
»and production losses.
Emnmﬂ i . n. M ers BEMn
i ives farm
,u&m:nm\. co s only one of many constraints and incen  ctuating

i i defl
Nstraints that may indirectly affect water use inclu e and

Marke . . )
n “onditions; agricuitural policies; local soils and clim
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arn X o S ~Dao_u Ny
family traditions, and ¢q gy,
:ﬁ:zz.sv

)

S jon: }ﬁaﬂn:?x
heir Jecisions.
.ve the full support in decision
There is an UrE set the Jecision pco:.n crop JEP riate.
ment practices. Regular Bo:mﬁ.o::m w_w 3@5.8 4t
Wems coming across and also facilitate them to impr
the .»Mw;r by capacity building programme. Sitpport the wote i
capabuil wr._mos between different catchment management e msu

keep coord . ..
: implementation of policies.

gm_n:m
Meth od

(0] noz.mﬁ
O
ve Em:

efhcient

Sprinkler Irrigation Systems
Sprinkler irrigation, introduced in the 1930s, delivers water to N
mmuevrwocmv a ﬁnwwmnwﬁmm pipe system and distributes water via Totating
sprinkler heads, spray nozzles, or a single gun-type spritkier Th
be either vmdﬂmnms:% mounted (solid set) or mounted o

sprinklers can
2 moving platform that is connected to a water source (traveling).
Although they have the poorest overall water-use efficiency among the
sprinklers, traveling sprinklers are well-suited to irregularly sized or
shaped fields and can be easily moved between fields (Evans et al., 19%).
Low-energy precision application (LEPA) and low elevation spraj
application (LESA) sprinklers are an adaptation of center pivot systems
that use drop tubes that extend down from the pipeline to apply water
on the ground or a few inches above the ground. LEPA and LESA systems
can conserve both water and energy by applying the water at a _o.s.
pressure close to the ground, which reduces water loss from evaporati"

and wind, increases application uniformity, and decreases energl
requirements.

o %ﬂﬁ:ﬂmﬂ Eoﬁmm a number of important advantages. If Bm:mmmm
prupe _Wd m:. Mwn‘m can improve water-use efficiency. mm:.m:w_mnm e R.m%
Syl noﬂw runoff than a surface system, thereby reducing on%wa
pollition :m:mb.E water sources, and the economic cost o

ainage. In addition, sprinklers t

i i bor,
reducing labor costs and vulnerability ,m:a to require less labo 1 2003

o labor shortages (Burt eta

czu\gmnqo-:zmmzo: Systems

Drip irrigati a
from Emm:nmﬂﬂnw”mwnmmw nM the slow application of low ﬁnnmm::w Mﬁhm
e near gﬂ mu—ﬂudﬁ-m Yo U—.mﬂu s
ot zone.

|
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I
ist of buried 1_<O Pipe mains and sub-maj
i i n

oly m::.m.._ linesia n_ommroxﬁn:mzﬁ but also Jess a:w m%mnrma to
t:?%ﬁ Water 15 applied through drip emitters plac M le, option
Mt referred to as m:n.mmnm and subsurface dri ma m_uo<.m- or
peloW B ion systems are similar to drip systems S:%E@%QE&%
ied at a higher rate (5 to 50 gallons p € exception

ttached to a stake (Evans et al. Hoomw.q hour) by a sma

P . _1:on has been in use since ancient times

Drip d with water that mHos&\. mmmvma into the soil. ﬁwm_wnﬂ:w_ma pots
by the advent of plastics .Q.c::m World War 1I and s,mw MMN
ed in Israel. Although traditionally applied to specialty crops
vegetables and grapes, drip irrigation systems are increasingly

. fOoW CIops, and there are examples of use on field cr
applied t0 Ifalfa, and potatoes Drip irrigation all ops such
25 cotton, corn, alfalia, . m_u:. i P " gation allows for Em, precise
%n_wnmmo: of water and fertt izer to meet crop needs and can increase
aop yield and/or quality.

In recent past growers that with drip irrigation, “We consistently
use less water, less fertilizer, and find tillage and ground preparation
less costly. In addition, yields are Emrm.ﬁ and the quality of the product
we grow is better. Drip irrigation pays, 1t doesn’t cost!” (AWMC 2006a).
Furthermore, “the ﬁoﬁmnsﬁ for improved water and chemical
management can benefit water quality, reduce potential runoff, and
reduce potential leaching of nutrients and chemicals” (Evans ¢f al., 1998).
Drip systems can be automated, thereby reducing labour costs. With
drip systems, diseases are less likely to develop because water a\omu. not
come into contact with crop leaves, stems, or fruit (Shock, 2006). Dnip
systems can be used on oddly shaped or hilly terrain.

such as

Comparison of irrigation technologies

red that as per the crop,
ods, to save water. The
or ?.r.c:::c:a

In the present context it is very much requi
we can use the various type of irrigation meth
methods may vary with crop to crop but we need to use e oniE
such methods which can be easily used with higher efficiency- ¢ m_n A\ in
of the important methods along with their efficiencies ar¢ _u#umono the
r,..v_m 5 so that growers and extension functionaries can prom
different methods and water can be saved for other uses.



Table 5. Irrigation System Efficiency
Type of Irrigation System
Flood mmmas_@
Basin
Border 85%
Furrow . 25
Wild Flooding 67.5%
Gravity 60%
Average 75%
739
Sprinkler "
Hand Move or Portable
Center Pivot and Linear Move o
Solid Set or Permanent mwma
Side Roll Sprinkler uo_“,
LEPA (Low Energy Precision mow..”
Application)
Average 78%
Drip /Micro irrigation
Surface Drip 87.5%
Buried Drip o0’
Sub irrigation 0% __
87.5%

Micro Sprinkler
Average

Source: Salas et al., 2006

Adoption

Adaptive capacity and adaptation relate? = G, foce
considered very important. Historically, migration ! 1 optio™”
and floods has been identified as on€ of t
has also been found to present a source
who are employed as seasonal Jabour. Oth
adaptation include traditional and modern
water conservation and storage, @

early-maturing crops. The impoO
‘ ... A T . s and U

. io 'ments, indicati

; ; 1es to ensure the
ffective adaptation strategies that are cost-cffective
and sustainable. \
frequency of occurrence of more intense rainfall events
y has increased, causing severe floods, landslides
ows, while the numbers of rainy days and Ssm
cipitation have decreased. However, there are
y of extreme rainfall in some areas has exhibited
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5 The imbalance of species loss and replacement leads to ap initig
loss in diversity.
3 Species most affected by warming are restricted to the Uppermog

parts of mountains. For other species, the effect will mainly be
upward migration.

3 Spedes affected by cooling are those at lower altitudes.

O Changes will directly affect the indigenous biota. An even greater

threat is that a warmer climate will increase the ease with which the
1slands can be invaded by alien species.
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