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3-Water Evaluation and Planning System
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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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Figure 1- Conceptual framework
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4- Parameter Estimation Tool
5- Calibration
6- Doherty
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1-Saturation point
2- Field capacity
3- Wilting point
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Table 1- Comparison of available water and water supply reliability in baseline and climate change scenario

wl b oSl et g2 5lew
ol plosity Baseline Climate Change Scenario
Aﬂf?”ﬁ““ UT"‘ (22,) o piad 3 ] ekl s Al e
gricultural area  |rrigation efficienc < 35 o yd
’ (%) ’ (asla o Ggele) (32,2) Av(glj)le V\ja:er (3,2)
i 1 ili 0, i ili 0,
Available water (MCM) Reliability (%6) (% change) Reliability (%)
st 45 259.37 90.68 -8.29 70.6
Payepol
oS 50 158.65 86.51 -16 65.4
Kosar-Ghods
> 45 188.60 85.04 -26.80 65.4
Hamidieh
A8al5T s
o2 = 50 270.94 86.51 -21.59 65.4
Dasht e Azadegan
e 40 327.76 66.42 -32.76 49.8
Karkheh Noor
oSk 46 1205.22 83.03 -21.08 57.22
Average

Oidgh sail sisle
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
o5 + 8kl ol 29 g U
wl b kSl et oals!
Baseline Climate change Irrigation efficiency
L Improvement+Climate change
Jgmazmo ] P s P C .
Season o gl sl ‘(—"" ‘idb’k; Loy3) 5 Slos f’ ‘i““”tﬁ; Loy3) 5 Shos
. s KW .. KV "
(cxe i) (59) s 225 (s 7 2 (awis
o’ Water . Water .
Water - - Yield - Yield
requirement Yield  requirement (% change) cequirement (% change)
(% change) (% change)
&5
V\; ot 4870 4.42 +10.88 -14.61 +9.60 -7.25
Ba9r?ley 4870 3.19 +10.16 -12.72 +8.95 -5.04
lis
Canola 4450 1.55 +11.09 -9.12 +8.76 -5.24
T 5 33.97 +8.25 17.25 +6.10 9.88
o) Tomato
Winter L
Or)ﬁ';n 4243 24.80 +8.73 -8.81 +6.54 -6.24
A8 jdise
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
s
Cucumb 5955 15 +19.30 -23.06 +16.80 -15.12
er
4\5‘5.).2.%
Waterme 7729 34 +19.78 -29.35 +16.31 -21.76
lon
Olenls Qf'\ 6707 6.27 +16.63 -26.73 +14.74 -18.22
Summer Maize
s_jﬁ 14721 4.12 +22.43 -34.05 +19.47 -22.74
ice
s S 5700 1 +9.42 -7.31 +5.49 -5.44
esame
[
5 4358 1.53 +11.75 -10.62 +8.41 -7.14
ean
g el 5L
Source: Research findings
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Table 3- Change in cropping pattern and agricultural profit in Payepol and Kowsar-Quds

J sl B oS
-y Payepol Kowsar-Quds
UCS o o) 32l o> i oy 92 )b KW
rops . WL . . M3 gt .
FRIRCAIIN o il o PRI - il 5
Climate o = s " Climate o = sl
Reference  hange % Adaptation % Reference  hange % Adaptation %
Change Scenario Change Change Scenario Change
£5
V\;heat 13195 12361.61 -6.32 13428.31 1.77 8784 7560.40 -13.93 8385.53 -4.54
Ba%le 3298 3118.31 -5.45 3426.46 3.90 652 574.42 -11.90 627.67 -3.73
riey
].
o 115 110.11 -4.25 116.41 1.23 75 68.35 -8.87 72.65 -3.13
Canola
GRS 762 68236  -1045 71961 556 846 71445  -1555 78037  -7.76
Tomato
e 47 4234 991 4416  -6.04 0 0 ; 0 -
Onion
S 227 22027  -296  227.74 0.33 0 0 - 0 -
Sugar beet
e 430 344.81 -19.81 400.98 -6.75 30 0.00 -100 3.21 -89.30
Mung bean
e 15 12.99 -13.40 13.54 -9.73 181 143.86 -20.52 163.47 -9.69
Cucumber
o
Coe 1063 909.66 -14.43 969.02 -8.84 22 16.26 -26.09 17.36 -21.09
Watermelon
be 2858 2448.71  -14.32 2621.55 -8.27 0 0 - 0 -
Maize
Fige 629 500.26 -20.47 565.10 -10.16 2468 1659.41 -32.76 2033.72 -17.60
S 539 503.33 -6.62 529.10 -1.84 0 0 - 0 -
Sesame
by
0 0 - 0 - 142 128.39 -9.58 140.54 -1.03
Bean
Eooxe 23178 2125476  -8.30 23061.98 -0.50 13200 10865.54 -17.69 1222452 -7.39
Aggregate
(Jby 2kbe) 2900
Profit(Billion ~ 464. 06 354. 28 -23.70 400. 82 -12.08 338. 07 210. 95 -37.60 247. 86 -26.68
Rials)

gy ezl sisle

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

PYRWOS ol cuds
Hamidieh Dasht e Azadegan
Y gae .. KWgH 92 )l KWgH " KWSH 99w KSR
Crops b s 7 35 AR 35 alb s 7 25 AR 25
- ] i ol o - 3 e aal e
Referenc Clin % Adaptatio % Referenc - % Adaptatio %
e imate e Climate
Chang n Chang Chang n Chang
change . change .
e Scenario e e Scenario e
£S5
? 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
l.
3 38 33.31 -12.34 33.82 -11.00 27 24.45 -9.44 24,77 -8.26
Canola
GRS 149 12023 -1931 12923  -13.27 44 3538  -1959  39.90 9.32
Tomato
Ls
g 76 5418  -28.71 59.99 -21.07 0 0 - 0 -
Cucumber
dos:
o 0 0 - 0 - 113 7260  -35.75 81.79 -27.62
Watermelon
= 14 927  -33.79 10.67 -23.79 0 0 - 0 -
Maize
RG;; 3580 2176.68 -39.20 2683.29 -25.05 3233 197462  -38.92 2251.98 -30.34
oS
: 86 78.52 -8.70 80.25 -6.69 25 22.74 -9.04 24.00 -4.00
Sesame
Bl:;Jn 29 25.40 -12.41 25.95 -10.52 15 1351 -9.93 14.18 -5.47
Eyoe 14085 10892.9 -22.66 12046.42 -14.47 22367 18095.5 -19.10 19485.09 -12.88
Aggregate 7 6
3,lkke) dgu0
(Jb 317.31 152. 61 -51.90 200. 07 -36.72 475. 62 267. 45 -43.76 350. 41 -26.32
Profit(Billio
n Rials)

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

] Sy 455 ade
Karkheh Noor South Karkheh Sub-Basin
Y pam .. Ao 9yl Lo, - KWy 99yl KWy
Crops  abuds 7 iy e s abade T ; i s »«
- ] i ol i - 3 B ol o
Referenc Clin % Adaptatio % Referenc - % Adaptatio %
e imate e Climate
Chang n Chang Chang n Chang
change . change .
e Scenario e e Scenario e
\A;’f 15310 12072.2 -21.15 13521.72 -11.68 63317 53729.9 -15.14 58584.71 -7.47
eat 0 9
Baﬁey 3896 321165 -17.57 3464.47 -11.08 10841 9516.24  -12.22 10341.14 -4.61
- 23 19.76  -14.09 21.38 -7.04 278 25598  -7.92 269.03 -3.23
snes 79 6009  -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 e 0 0 - 0 - 227 220.27 -2.96 227.74 0.33
ugar beet
M - 24 0 -100 0 -100 484 344.81 -28.76 404.19 -16.49
ung bean
c = 14 9.94 -29.00 10.47 -25.21 286 220.97 -22.74 247.47 -13.47
ucumber
W Sl 62 36.31 -41.44 42.24 -31.87 1260 1034.83  -17.87 1110.41 -11.87
atermelon
M;:;e 40 25.02 -37.45 30.95 -22.63 2912 2483.00 -14.73 2663.17 -8.54
Sse 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 e 22928 17478.6 -23.77 19670.54 -14.21 95758 785874 -17.93 86488.55 -9.68
ggregate 5 8
(Jb) 2)kee) 2900
Profit(Billio 717.74 293. 16 -59.15 426. 65 -40.55 2312.80 1278.45 -44.72 1625. 81 -29.70
n Rials)
g el 5L
Source: Research findings
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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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