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1- Intergovernmental Panel on Climate Change(IPCC)
2- Positive Mathematical Programming (PMP)
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2- National Agronomic Institute of Tunisia
3- FAO Penman-Monteith
4- Available Water Capacity(AWC)
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1- Hadley Centre Coupled Model, version 3
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Table 1- Comparison of available water and water supply reliability in baseline and climate change scenario

wl b bl ot 5 5l
ol plesily Baseline Climate Change Scenario
d};sﬁ“ ulé‘s"’ (32 3) o9 piasd 33 ] obaebl el Rl e
Agricultural area |rrigation efficienc < 35 Ao
’ (%) ’ (1o o ek (22,2) A\/(;ﬁale V\;a:er (32,2)
i 1 ili 0, i ili [0)
Available water (MCM)  Reliability (%) (% change) Reliability (%)
st 45 259.37 90.68 -8.29 70.6
Payepol
D875 50 158.65 86.51 -16 65.4
Kosar-Ghods
e 45 188.60 85.04 -26.80 65.4
Hamidieh
Sl i
50 270.94 86.51 -21.59 65.4
Dasht e Azadegan
9 45 40 327.76 66.42 -32.76 49.8
Karkheh Noor
ol 46 1205.22 83.03 -21.08 57.22
Average

Uibe sl s le
Source: Research findings
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Table 2- Comparison of water requirement and crop yield in baseline, climate change and Irrigation Efficiency Improvement

scenario
25+ 8 5ll Glonily 3ga0 92 yliww
wl b ok s oals!
Baseline Climate change Irrigation efficiency
L Improvement+Climate change
Season : RS ol f"“b’l"” 2op) 3,5des ! ‘i""b’l‘” 20 y3) 3 Shos
(o ia) (c¥) sl (P sl (et
Water "'I y Water Yield Water Yield
requirement Yie requirement (% change) cequirement (% change)
(% change) (% change)
P 4870 4.42 +10.88 14,61 +9.60 7.25
Wheat
# 4870 3.19 +10.16 -12.72 +8.95 -5.04
Barley
lis
4450 1.55 +11.09 -9.12 +8.76 -5.24
Canola
T = 33.97 +8.25 17.25 +6.10 -9.88
Os) Tomato
Winter L
= 4243 24.80 +8.73 -8.81 +6.54 -6.24
Onion
Sugar 8745 57.80 +1.11 -1.5 +0.25 +0.1
beet
oile
Mung 8093 0.77 +20.35 -30.85 +18.15 -23.25
bean
Bl
Cucumb 5955 15 +19.30 -23.06 +16.80 -15.12
er
Waterme 7729 34 +19.78 -29.35 +16.31 -21.76
lon
Oluls =2 6707 6.27 +16.63 -26.73 +14.74 -18.22
Summer Maize
& 14721 412 +22.43 -34.05 +19.47 22,74
Rice
wad 5700 1 +9.42 -7.31 +5.49 -5.44
Sesame
Loy
4358 1.53 +11.75 -10.62 +8.41 -7.14
Bean
Uibe slbasl sl
Source: Research findings
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Table 3- Change in cropping pattern and agricultural profit in Payepol and Kowsar-Quds

ksl B S
e Payepol Kowsar-Quds
‘-‘Cs i KWt 92U KW 1 oy Peg b KW
rops . NI . . A8 s . .
al el - ol s RIS s R, 5
Rf;f:erence Climate » ot e Re“:f:erence Climate = ot e
change % Adaptation % change % Adaptation %
Change Scenario Change Change Scenario Change
V\;;esat 13195 12361.61 -6.32 13428.31 1.77 8784 7560.40 -13.93 8385.53 -4.54
Ba?Ie 3298 3118.31 -5.45 3426.46 3.90 652 574.42 -11.90 627.67 -3.73
riey
bl 115 110.11 -4.25 116.41 1.23 75 68.35 -8.87 72.65 -3.13
Canola
 ad 762 682.36 -10.45 719.61 -5.56 846 714.45 -15.55 780.37 -7.76
Tomato
e 47 4234 991 4416  -6.04 0 0 - 0 -
Onion
S 227 22027  -2.96  227.74 0.33 0 0 - 0 -
Sugar beet
ol 430 344.81 -19.81 400.98 -6.75 30 0.00 -100 3.21 -89.30
Mung bean
A 15 12.99 -13.40 13.54 -9.73 181 143.86 -20.52 163.47 -9.69
Cucumber
o
e 1063 909.66 -14.43 969.02 -8.84 22 16.26 -26.09 17.36 -21.09
Watermelon
= 2858 244871 -14.32 262155  -8.27 0 0 - 0 -
Maize
Sé’e 629 500.26 -20.47 565.10 -10.16 2468 1659.41 -32.76 2033.72 -17.60
i
aad 539 503.33 -6.62 529.10 -1.84 0 0 - 0 -
Sesame
Loy
0 0 - 0 - 142 128.39 -9.58 140.54 -1.03
Bean
ooz 23178 21254.76 -8.30 23061.98 -0.50 13200 10865.54 -17.69 1222452 -7.39
Aggregate
(Jby 5kke) 25w
Profit(Billion 464. 06 354. 28 -23.70 400. 82 -12.08 338. 07 210. 95 -37.60 247. 86 -26.68
Rials)

Uiko slaal s le

Source: Research findings
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Table 4- Change in cropping pattern and agricultural profit in Hamidieh and Dasht e Azadegan

PURVNN ol cuds
Hamidieh Dasht e Azadegan
Y grazxo .. KW 99 ylw Ao yd - oy 9 ybw KWSH
Crops  abads g ‘s R T . . .
- oal3! B b B - o3 B S B
Referenc Climate % Adaptatio % Referenc Climate % Adaptatio %
e Chang n Chang e Chang n Chang
change - change .
e Scenario e e Scenario e
pA5 9701 804364 -17.08 865090  -10.82 16327 90921 1614 1450825  -1059
Wheat 4
5 9>| 412 351.74 -14.63 372.32 -9.63 2583 2260.12 -12.50 2450.22 -5.14
arley
b 38 33.31 -12.34 33.82 -11.00 27 24.45 -9.44 24.77 -8.26
Canola
N 149 12023 -1931 12923  -13.27 44 3538  -1959  39.90 9.32
Tomato
o 76 54.18 -28.71 59.99 -21.07 0 0 - 0 -
Cucumber
e 0 0 - 0 - 113 72.60 -35.75 81.79 -27.62
Watermelon
< 14 927  -33.79 10.67 -23.79 0 0 - 0 -
Maize
F?;ge 3580 2176.68 -39.20 2683.29 -25.05 3233 1974.62  -38.92 2251.98 -30.34
aad 86 78.52 -8.70 80.25 -6.69 25 22.74 -9.04 24.00 -4.00
Sesame
BL'%J 29 25.40 -12.41 25.95 -10.52 15 13.51 -9.93 14.18 -5.47
ean
Eooxe 14085 10892.9 -22.66 12046.42 -14.47 22367 180955 -19.10 19485.09 -12.88
Aggregate 7 6
3,lkse) dgu0
(Ju, 317.31 152. 61 -51.90 200. 07 -36.72 475. 62 267. 45 -43.76 350. 41 -26.32
Profit(Billio
n Rials)

i sal zisle
Source: Research findings
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Table 5- Change in cropping pattern and agricultural profit in Karkheh Noor and South Karkheh Sub-Basin

)P 4SS g 4555 A
Karkheh Noor South Karkheh Sub-Basin
Y guazwo .. o) 92yl o) .. o) 92 ylw oy
Crops  abads 7 . : s G abade T " il "
& ol i (sl P 3| oS (s i
Referenc - % Adaptatio % Referenc - % Adaptatio %
e Climate Chang n Chang e Climate Chang n Chang
change - change -
e Scenario e e Scenario e
V\;f 15310 12072.2 -21.15 13521.72 -11.68 63317 53729.9 -15.14 58584.71 -7.47
eat 0 9
Baﬁey 3896 3211.65 -17.57 3464.47 -11.08 10841 9516.24 -12.22 10341.14 -4.61
- 23 1976 -14.09 21.38 -7.04 278 25598  -7.92 269.03 -3.23
;ﬁ;“;’j 79 60.09  -23.94 67.55 -14.49 1880 161251 -1423  1736.66 -7.62
o 0 0 - 0 - 47 4234 991 44.16 -6.04
nion
s - 0 0 - 0 - 227 220.27 -2.96 227.74 0.33
ugar beet
M o 24 0 -100 0 -100 484 344.81 -28.76 404.19 -16.49
ung bean
» 14 9.94 -29.00 10.47 -25.21 286 220.97 -22.74 247.47 -13.47
Cucumber
W - 62 36.31 -41.44 42.24 -31.87 1260 1034.83 -17.87 1110.41 -11.87
atermelon
Mba;;e 40 25.02 -37.45 30.95 -22.63 2912 2483.00 -14.73 2663.17 -8.54
Ra;‘:é 3040 1658.18 -45.45 2110.96 -30.56 12950 7969.15 -38.46 9645.05 -25.52
Se:fne 303 268.57 -11.36 277.43 -8.44 953 873.16 -8.38 910.78 -4.43
Bl:;jn 137 116.93 -14.65 123.37 -9.95 323 284.23 -12.00 304.04 -5.87
A Eroe 22928 17478.6 -23.77 19670.54 -14.21 95758 785874 -17.93 86488.55 -9.68
ggregate 5 8
(Jby 35kkse) 390
Profit(Billio 717.74 293. 16 -59.15 426. 65 -40.55 2312. 80 1278.45  -44.72 1625. 81 -29.70
n Rials)
Uibo slbasl sl
Source: Research findings
S oy Slae yialS oy gl Caol 0ddd (65,58 &Y guamee LS);“". e

o Al CiS ) 5 (S pansS Jyaze 4 by il
A o s oolasdl sy guls Ll )b (ol gy Jeame
Bblie (oolod i ) o ggeome maldl oo g2l Jlocl b o8
2 SipgliS Y gare CuiS pj pdaw & glagSa adl als
HSa YADAY 4y ,LiSa AOVOA 5l o5 a5 S d s> pj JS
2 SligS 45 58 s 65l ey €55 ol o
5 ol ol il BU A eyt > Ol ials L ablie
o ) Loy ddy g 423l (il g0 1) ol slaiome;

el Pl g @il s g0l (slodaly adlllas cpl >

S9m g cilize OV e CutS 5 o o)lul Gl dge
L VASY-0 0)93 (b (pgz 455 ads> nj 5> j)liS
L85 8 e 350 (S golaill Juo Sl edlanal
e gyl Jlosl b a8 by gl Jas (S05glgyen isu b
b g 488 dilie Gblio )5 eyted 13 O (i B2 6l
Hoboe (LS 203 VY 29 (5S0le &gty (giludind 0)9
ol 3, Shos ialS czge (ol 5L (ali8l S ) el



VO gz a5 )5 adgo 5 obasdl g Ko 58s o Lyl o el s ol 31 3

sl 0 iy Jlo plie 4 398 g0 dlaiiy el i 4
B9 03l Janass ligSay (65)9laS isu (ylel ples S
My53 0 sblie plus a Cond VL Cogdgl (2l ol &
oorwd yd ol mlbe uas Lials Sl ol 05 (sgw 5l sl
ol 3 el (Sl slmeygo 3 gz 458 il Ade 5
5255 435 3blie )3 (o)Ll o8 (slabg) 65,54 bl
Wlg5 o Al by 1y o yiwd > Ol 39 4eS oy i 45 ddnes
Ol @l mad 95 s> 5 Ol wlio Lais g o)l case
P g 5 dille Jpame 0 plica] gy Jpae o 3
g0 (398> U )bl losily dgutp Lol Bl o waldl s ol
51 eola ol ol 00 Jgamme (pl p el pss 31 Do
Slgi e (5L i o g Jpare (il > sl by,
9 591 2al)> Camdg (6305 586 ol Bpan il e

SIS ol dden 5 (SeSerked Cumdy Cien

aS Lol 5ol wnlgs olasl 5YL dgw b &Y guame cuis
Obee 2y ciS o5 o (e @ g 2 S Y e
55 By Y gaze pl 3 Sles ialS )ly Calisee Y guaze
A dled lo )0 Y e 4 (65)5liS daw ialS coge ¢uuldl
wo 2j 3 Sl plosil) g ol 4 a2 L adllas ol )5 Lol
oles 32 2o Ve e 4o Gl Globl) 290 (o9 488
s Bl Gl (gl el 3pl) S plgiear 6psliS” sble
st ol i b Siy 3y ol (65 154 gl 5 1] ol
IS 03 5359 29 o)l o) 50 L &S clisS 4y 3l o
OBl o3 WY (e 4 el s b ) Cund 4S5 )
G RVAPES

oo 5 sl addllas ol 55 sdelcanday gols wlwl 5
)5 o

10-

11-

13-

Casd o> g 55 455 blie (YU (g pdicaml & asg5 b

&l

Agarwal S., Patil J.P., Goyal V.C., and Singh A. 2019. Assessment of Water Supply—Demand Using Water
Evaluation and Planning (WEAP) Model for Ur River Watershed, Madhya Pradesh, India. Journal of the Institution
of Engineers (India) 100(1): 21-32.

Aldy J.E., and Pizer W.A. 2015. The competitiveness impacts of climate change mitigation policies. Journal of the
Association of Environmental and Resource Economists 2(4): 565-595.

Allen R.G., Pereira L.S., Raes D., and Smith M. 1998. Crop evapotranspiration-Guidelines for computing crop
water requirements-FAQ Irrigation and drainage paper 56. Fao, Rome, 300(9), D051009.

Ashraf Vaghefi S., Mousavi S.J., Abbaspour K.C., Srinivasan R., and Yang H. 2014. Analysis of the impact of
climate change on water resources components, drought and wheat yield in semiarid regions: Karkheh River Basin
in Iran. Hydrological Processes 28(4): 2018-2032.

Bagheri Harooni M.H., and Morid S. 2013. Comparison of WEAP and MIKE BASIN models in water resources
allocation (Case Study: Tlavar river). Journal of Water and Soil Conservation 20(1): 151-168. (In Persian with
English abstract)

Cetinkaya C.P., and Gunacti M.C. 2018. Multi-criteria analysis of water allocation scenarios in a water scarce
basin. Journal of Water Resources Management 32(8): 2867-2884.

Deylami A., Joolaie R., Rezaee A., and Keramatzadeh A. 2019. Investigating the Effects of Climate Change on the
Yield, Gross Margin and Cropping Pattern of Gorgan County. Journal of Agricultural Economics 13(2): 137-160.
Doherty J. 2016. Model-Independent Parameter Estimation User Manual Part I: PEST. SENSAN and Global
Optimisers, PEST Manual, Watermark Numerical Computing, Brisbane, Australia.

Esteve P., Varela-Ortega C., Blanco-Gutiérrez I., and Downing T.E. 2015. A hydro-economic model for the
assessment of climate change impacts and adaptation in irrigated agriculture. Journal of Ecological Economics 120:
49-58.

Farajzadeh M., Madani K., Massah A.R., and Davtalab R. 2014. Climate change effects on reliability of water
delivery in downstream of Karkheh river basin and its adaptation strategies. Journal of Water and Soil Resources
Conservation 3(3): 49-63. (In Persian with English abstract)

Forni L.G., Medellin-Azuara J., Tansey M., Young C., Purkey D., and Howitt R. 2016. Integrating complex
economic and hydrologic planning models: An application for drought under climate change analysis. Water
Resources and Economics 16: 15-27.

Ghobadi Y., Pradhan B., Shafri H.Z.M., and Kabiri K. 2015. Assessment of spatial relationship between land
surface temperature and landuse/cover retrieval from multi-temporal remote sensing data in South Karkheh Sub-
basin, Iran. Arabian Journal of Geosciences 8(1): 525-537.

Hoseini S.S., Nazari M.R., and Araghinejad S. 2013. Investigating the impacts of climate on agricultural sector
with emphasis on the role of adaptation strategies in this sector. Iranian Journal of Agricultural Economics and
Development Research 44(1): 1-16. (In Persian with English abstract)



WA 5l o) o lods F'F Al «(6))slisS axwgi 9 bl ag pii VP

14-

15-

16-

18-

19-

21-

22-

23-

25-

26-

27-

29-

30-

31-

32-

33-

34-

35-

36-

Howitt R.E. 1995. A calibration method for agricultural economic production models. Journal of Agricultural
Economics 46(2): 147-159.

Howitt R.E. 2005. Agricultural and environmental policy models: Calibration, estimation and optimization. Davis:
University — of  California, Davis. Available  online at  http://Aww. agecon. ucdavis.
edu/people/faculty/facultydocs/howitt/master. pdf.

Iglesias A., and Garrote L. 2015. Adaptation strategies for agricultural water management under climate change in
Europe. Agricultural Water Management 155: 113-124.

Iran Water & Power Resources Development Company, 1389. Systematic Studies of Karkheh River Basin .Water
Resources Planning Studies, Volume 5. (In Persian)

Jabloun M., and Sahli A. 2012. WEAP-MABIA tutorial: a collection of stand-alone chapters to aid in learning the
WEAP-MABIA module. Federal Institute for Geosciences and Natural Resources, Hannover, Germany.

Jamali S., Abrishamchi A., Marino M.A., and Abbasnia A. 2012. Climate change impact assessment on hydrology
of Karkheh Basin, Iran. In Proceedings of the Institution of Civil Engineers-Water Management (166(2): 93-104).
Thomas Telford Ltd.

Kermanshahi S., Davari K., Hasheminia S.M., Farid Hosseini A., and Ansari H. 2013. Using the WEAP Model to
Assess the Impact of Irrigation Water Use Management on Water Resources of Neyshabour Plane. Journal of
Water and Soil 27(3): 495-505. (In Persian with English abstract)

Khalilian S., Shemshadi K., Mortazavi S.A., and Ahmadian M. 2014. Investigating Welfare Effect of Climate
Change on the Wheat Products in Iran. Journal of Agricultural Economics and Development 28(3): 292-300. (In
Persian with English abstract)

Khosravi M., Esmaelnejad M., and Nazaripour H. 2010. Climate Change and effects on water resource of Middle
East. 4" International Congress of the Islamic World Geographers, 4 April. 2010. Zahedan, Iran. (in Persian with
English abstract)

Kouzegaran S., and Mousavi Baygi M. 2015. Investigation of meteorological extreme event in the North-East of
Iran. Journal of Water and Soil 29(3): 750-764.

Mahmoodi A., and Parhizkari A. 2018. Economic Analysis of the Climate Change Impacts on Products Yield,
Cropping Pattern and Farmer's Gross Margin (Case Study: Qazvin Plain). Growth and Development of Rural &
Agricultural Economics 2(2): 25-40. (In Persian with English abstract)

Mehta V.K., Haden V.R., Joyce B.A., Purkey D.R., and Jackson L.E. 2013. Irrigation demand and supply, given
projections of climate and land-use change, in Yolo County, California. Journal of Agricultural Water Management
117: 70-82.

Molden D., Oweis T.Y., Pasquale S., Kijne J.W., Hanjra M.A., Bindraban P.S., and Hachum A. 2007. Pathways for
increasing agricultural water productivity (No. 612-2016-40552).

Mozaffari M.M., Parhizkari A., Hoseini Khodadadi M., and Parhizkari R. 2015. Economic Analysis of the Effects
of Climate Change Induced by Greenhouse Gas Emissions on Agricultural Productions and Available Water
Resources (Case Study: Down Lands of the Taleghan Dam). Journal of Agricultural Economics and Development
29(1): 68-85. (In Persian with English abstract)

Ngo L.A., Masih 1., Jiang Y., and Douven W. 2018. Impact of reservoir operation and climate change on the
hydrological regime of the Sesan and Srepok Rivers in the Lower Mekong Basin. Journal of Climatic Change
149(1): 107-1109.

Nigussie Y., van der Werf E., Zhu X., Simane B., and van lerland E.C. 2018. Evaluation of climate change
adaptation alternatives for smallholder farmers in the Upper Blue-Nile Basin. Journal of Ecological
Economics 151: 142-150.

Paris Q., and Howitt R.E. 1998. An analysis of ill-posed production problems using Maximum Entropy. American
Journal of Agricultural Economics 80 (1): 124-138.

Roham O., and Dabbert S. 2003. Integrating Agri-Environmental Programs into Regional production Models: an
Extension of Positive Mathematical Programming. American Journal of Agricultural Economics 85(1): 254-265.
Safavi H.R., and Gol Mohammadi M.H. 2016. Evaluating the Water Resource Systems Performance Using Fuzzy
Reliability, Resilience and Vulnerability. Journal of Iran-Water Resources Research 12(1): 68-83. (In Persian with
English abstract)

Sagardoy J.A. 2000. Performance analysis of on-demand pressurized irrigation systems (No. 59). Food and
Agriculture Organization.

Sarzaeim P., Bozorg-Haddad O., Fallah-Mehdipour E., and Loaiciga H.A. 2017. Climate change outlook for water
resources management in a semiarid river basin: the effect of the environmental water demand. Journal of
Environmental Earth Sciences 76(14): 498.

Shahraki J., Sardar Shahraki A., and Hashemi Monfared S.A. 2018. Economic impact assessment of water
resources management scenarios in Pishin catchment. Journal of Agricultural Economics Research 10(40): 59-84.
(In Persian with English abstract)

Sieber J., Swartz C., and Huber-Lee A.H. 2005. Water evaluation and planning system (WEAP): User guide.



YV o9z a3 S abe p) oolasdl g (Su5elgyomd bl s p1 By I 51 23,

Stockholm Environment Institute, Boston.

37- Wang J. 2010. Food security, food prices and climate change in China: A dynamic panel data analysis. Journal
of Agriculture and Agricultural Science Procedia 1: 321-324.

38- Zahraei B. 2015.Analysis of Climate Change Impacts on Precipitation and Surface Runoffs in Karkheh River
Basin. Research project, College of Engineering, University of Tehran. (In Persian with English abstract)



Journal of Agricultural Economics and Development 309l drwgi g slail a4y pis
Vol. 34, No. 1, Sprlng 2020, P. 63-79 sY_va ) Avaa )L@,} R °)M JF -.\.L’>

Assessing the Effects of Climate Change on Hydrological and Economic
Conditions of South Karkheh Sub-basin

S. Nikmehr!*- M. Zibaei?
Received: 14-12-2019
Accepted: 01-02-2020

Introduction: Water resources are under increasing pressure from climate change, population growth, and
socio-economic development. Recent assessments have revealed that climate change accounts for about 20% of
the increased water scarcity. Due to the impacts of climate change on water resources, agriculture is one of the
most important sectors of the economy affected by this event. Accordingly, food security threatened by climate
change is one of the most important challenges of the 21st century to provide sufficient food for population
growth. Because of the abundant effects of climate change and water scarcity on farmers' welfare, different
strategies have been adopted to adapt to these changes. Adaptation can be defined as: “adjustment in ecological,
social or economic systems in response to actual or expected climatic drivers and their effects or impacts.
Climate change phenomenon has occurred in Iran during recent decades and it will continue in the future with
greater intensity based on the seventh report of the Intergovernmental Panel on Climate Change. In other words,
Iran’s aridity has been exacerbated by the climatic change to pose serious threats to its water resources and the
ability to meet its residential, environmental, industrial, and agricultural water demands. In this regard, improved
irrigation efficiency is vital for alleviating water scarcity and can be an adaptation strategy to climate change for
this country due to water losses account for at least 45% of the water used in Iran's irrigated agriculture, which
arises from inefficient irrigation systems.

Materials and Methods: The Karkheh River Basin (KRB) is one of the largest watersheds in Iran after
Karoon and Dez. It is located on the western border of the country in a strategic position. This watershed consists
of five sub-basins, namely Kashkan, Qarasou, Gamsiab, Seymareh, and South Karkheh. The Karkheh River
Basin deal with water shortage through the frequent droughts in the region over the past decades, leading to
major water deficit in downstream of the basin. Also, Climate change is expected to exacerbate the current water
problems in KRB. Such ways that, 10-30% decrease in the runoff by mid-century is estimated in this basin
thanks to less precipitation and higher evapotranspiration. The aim of current research is to evaluate the potential
effects of climate change on irrigated agriculture and irrigation efficiency improvement strategy for adaptation in
South Karkheh sub-basin using a hydro-economic model. This model integrates the strengths of the Positive
Mathematical Programming (PMP), and Water Evaluation and Planning (WEAP) as a hydrological model. The
MABIA module within WEAP was also used to simulate the impacts of climate change scenarios and water
availability scenarios on crop yield. The hydro-economic model simulation starts with run WEAP-MABIA
model for hydrological simulation of South Karkheh sub-basin. For this purpose, Model calibration was carried
out using the PEST method. The Zahraei’s climate change scenarios (2015) were then used as input to the
WEAP-MABIA model. Finally, results of the WEAP- MABIA were used as input to the Positive Mathematical
Programming model to investigate the effects of climate change scenarios and adaptation strategy (improvement
of irrigation efficiency) on the crop patterns and farmers’ profit. Required data for this study were collected from
various sources. The data related to the Hydrological aspect was obtained from Khuzestan Water and Power
Authority (KWPA) and Khuzestan Meteorological Office for the base period 1960-2018. Also, the required
economic data were obtained through interviews with 180 farmers which randomly selected in Karkheh basin
and Agriculture Organization of Khuzestan province.

Results and Discussion: The results of the WEAP model show that climate change will decrease the
availability of water in agricultural areas of south Karkheh sub-basin. But the impact of climate change varies
across regions. So that the water available in Payepol and Karkheh-Noor is reduced by 8.29% and 32.76%
respectively. The MABIA method results also indicated that the B2 climate change scenario in the 2018-2050
periods may have a severe impact on crop yields and irrigation water requirements.The MABIA method results
also showed that the climate change scenario will likely lead to crop yield decreases, ranging between 1.5% and
34.05%. These changes in crop yields would be accompanied by increases in irrigation water requirements
ranging between 1.11% and 22.43%, for all crops. A strategy to improve irrigation efficiency will mitigate the
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effects of climate change on the performance of different crops (especially rice crops). The results show that
applying this strategy does not have a significant impact on the pure water requirement (actual
evapotranspiration of products). In fact, applying this scenario (improving irrigation efficiency by 20%) will
reduce gross water requirement by preventing water loss. Finally, results of the Positive Mathematical
Programming showed that the total irrigated crop area is reduced under climate change by 17.93%. Therefore,
Total agricultural profits decrease by 44% under climate change, compared to the reference scenario. The
Karkheh Noor irrigation area faces the largest reductions in crop area. Also, this area shows the largest reduction
in agricultural profits (59.9%). In contrast, the smallest decrease in crop area and agricultural profits have
occurred in Payepol. But the reduction of water use due to the improving irrigation efficiency will increase the
profit of agricultural activity in the Karkheh sub-basin by 340 billion Rials.

Conclusion: This research has tried to contribute to the analysis of climate change impacts and adaptation by
addressing the processes that occur at the sub-basin level. The Karkheh sub-basin case study, an illustrative
example of critical water and climate interactions, permitted to illustrate climate change vulnerability and
adaptation. The results of this study showed that Climate change can affect South Karkheh sub-basin's
agriculture through changes in water resource flows and allocations. These changes impose remarkable
economic costs on farmers. But the application of on-farm adaptation option via investment in improved
irrigation efficiency technology does reduce the impact of climate variability. Therefore, this research
demonstrates that the implementation of such a policy, can support adaptation and reduce the risk faced by
farmers in light of climate change.
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