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The impact of climate change on crop water requirement and irrigation water
demand is crucial for evaluating agricultural productivity especially in semi-
arid regions. This study investigates crop water requirement (CWR) and
irrigation water requirement (IWR) in Moghan irrigation network, focusing
on forecasting future irrigation water demands. Daily temperature and
precipitation data from climate models under three scenarios (optimistic,
intermediate, and pessimistic) were downscaled. Model results indicate that
in the future, maximum temperature will increase by 0.68 to 2.05 °C,
minimum temperature by 1.21 to 3.12 °C, and annual precipitation will
change between -21.06% and +27.14%. These changes will increase seasonal
climate variability and instability in the region. Crop water requirements and
net irrigation needs will rise in all seasons. Uncertainty in model estimates for
seasonal changes in crop water requirement and net irrigation demand is
lower in summer and autumn compared to spring and winter. This study
estimated water requirements for main crops in the Moghan network—
including wheat, alfalfa, peanut, cotton, and vegetables—using the FAO 56
method. Results show that irrigation water needs and total water demand will
increase by 12.77% to 13.76%. The irrigation adequacy index in the Moghan
network for the 2025-2044 period will be decreased by 15%, and is far below
one, indicating that the volume of water delivered to farms will be insufficient
to meet estimated net irrigation demand. This shortage is driven by increased
water demand due to higher temperatures and evapotranspiration, and
reduced effective rainfall. Consequently, water stress, reduced crop yields,
and increased vulnerability of farmers are expected. This situation highlights
the need to revise water allocation, modify cropping patterns, and improve
irrigation network efficiency for sustainable agricultural water management.
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Table 1. Total cultivated area of each crop in the Moghan irrigation network
(Moghan Irrigation and Drainage Networks Operation Company-1400)

Crop

Wheat
Alfalfa
Cotton
Peanut
Barley
Seed Corn
Fodder Corn
Vegetable
Garden
Tomato
Autumn Beets
Garlic
Soybean

Corn Kernels

Culitivated area (hectars) 26848 8538 3467 2914 2615 2740 1818 1598 2625 1816 1759 916 645

720000 730000 740000 750000 760000 770000 780000
1 ry ' r

1 % ? —
) 7 ,&‘5}?‘:&\&\ 1
o - "*ﬁ(‘%‘

i L

730000

Figure 1. Location of the Moghan irrigation network in Ardabil Province, Iran

Table 2. Crop calendar of crops in the Moghan irrigation network
month

canola
garlic
autumn beet
alfalfa
cotton
seed corn
fodder corn
soy
kitchen garden
tomato
peanut
B Sowing M Growing Harvesting
Table 3. Climate models used in the present study
No. Model Institution Resolution
1 ACCESS-CM2 Commonwealth Scientific and Industrial Research Organization (Australia) 1.875"%1.25°
2 ACCESS-ESM1-5 Commonwealth Scientific and Industrial Research Organization (Australia) 1.875™*1.25
3 MPI-ESM!-2-LR Max Planck Institute for Meteorology (Germmany) 1.875*1.875°
4 MIROC6 Japan Agency for Marine-Earth Science and Technalogy (Japan) 1.41%1.41°
5 MRI-ESM2-0 Meteorological Research Institute, Japan Meteorological Agency (Japan) 1.125*1.125°
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Table 4. Characteristics of SSP emission scenarios from the IPCC Sixth Assessment Report (Van Vuuren et al., 2011)

Scenarios Forced group Forced 2100 (w/m?)
SSP5-8.5 High 8.5
SSP3-7.0 High 7
SSP2-4.5 Medium 4.5
SSP1-2.6 Low 2.6
SSP4-6.0 Medium 6
SSP4-3.4 Low 3.4
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Figure 2. Flowchart of the methodology in the study
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Table 5. Maximum temperature from AOGCM models
Time Period Scenarios  Baseline ACCESS-ESM1-5 MIROC6 MRI-ESM2-0 ACCESS-CM2 MPI-ESM1-2-LR

1985-2014 - 20.42 - - - - -
SSP1-2.6 - 222 21.8 22.33 22.28 21.16

2025-2044 SSP2-4.5 - 21.94 22.08 21.93 22.26 21.67
SSP5-8.5 - 2247 21.1 2147 22.26 21.59
SSP1-2.6 - 8.72 6.76 9.35 9.11 3.62

% Increase SSP2-4.5 - 7.44 8.13 7.39 9.01 6.12
SSP5-8.5 - 10.04 3.33 5.14 9.01 5.73

Table 6. Minimum temperature from AOGCM models (°C)
Time Period __ Scenarios _ Baseli ACCESS-ESM1-5  MIROC6  MRI-ESM2-0  ACCESS-CM2 _ MPI-ESM1-2-LR

1985-2014 - 9.22 - - - - -
SSP1-2.6 - 11.14 11.05 11.21 11.43 10.43

2025-2044 SSP2-4.5 - 11.12 11.29 11 11.42 10.77
SSP5-8.5 - 11.52 11.28 11.2 11.42 12.34
SSP1-2.6 - 20.82 19.85 21.58 23.97 13.12

% Increase SSP2-4.5 - 20.61 22.45 19.31 23.86 16.81

SSP5-8.5 - 24.95 22.34 21.48 23.86 33.84
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Figure 3. Projected month changes in maximum temperature of AOGCM models under SSP scenarios in 2025-2044
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Figure 4. Projected month changes in minimum temperatures of AOGCM models under SSP scenarios in 2025-2044
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Figure 5. Projected month changes in maximum temperature of AOGCM models under SSP scenarios in 2025-2044
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Figure 6. Projected season changes in minimum temperature of AOGCM models under SSP scenarios in 2025-2044

o b jINiees Y LY
il (gl Ui 9 (GCMs) g2 (ogee (93,5 S Jdo (293 bl ()b Ol Sl Joloo (IS sk
s opl 5l Jols ol .l oanl (Su,b ol )5 an g BB llog sximdlis (clalxlS clal5 L]
E98g Jlain! Liul8l (Slo gy oyl S oo i |y ©blog wad iol38l s By oS Il pd cdimd o oyl
]y Sl 305 (gaw e SV b (sla JluSis 5 qwSy 3l e3S paso 5 b la )b ale (gas (slaodsy
SSP5- (543 )liw o ACCESS-CM2 o ds 3lxite  (S5,b ol 381 oy 5 i D)1 gy 2o 0 +VF/YY b do 3 =YY/ 5
SbsS o Jse zols y> O] ) .cawl 0ad 3)l5 SSP2-4.5 ailie gg2,li y3 9 ACCESS-ESMI-5 Juo y3 Sl
Sladlas )3 1) bagy jliw g b Jso 5l egiio cads I eolatul pgi) a5 ol ol (lo s i ;5 (I (slacuaad pac 4o
ol 33 G bl 45 1m0 (s 35 (A 5V (£laJS8) bl (L 5 Slale Sy o S o g o]
945 o0 00l SSP5-8.5 (gos )liw ot g limoj Juad 1>  (S)b i8] oy 5 i (lee (pl 50 il dalgd pols e
2339 A o ) oy 5 08D o e Sloilly g b (slac M s (BlE 4 e Sl o oS (50
2 ol O w5 Jless] 48wy o F) SSP1-2.6 (g0l o6 g bl Juad p3 S5l ol8l oy S« lie dlats
St ol b Sy st o oo Cusad pas b)) ol ogdle am e al3dl ) LS 3l gl o
Jgies S5 e (S cpl ol 58 Curbad pie g 5ot las o Jbe )0 o g sl Jgad y> &l ) ]
S3S1y el 9 jmb Jgad p ¢ bldo 4> g edliinl Sl Jaad 0 o e gppyaabp sy 5161 LB cluo
P e 1l (e slacspS e 3 & (gdge sl Y0050 (6508 B gl g 035 st e (e
DyS

Wb 4l S dr g 55b CueS 4 b Lw oan] 1 Ol wlie Copie a5 amd e LS addllas gl (Egeme ,
bl b5l 5 5 pdycllas] (slad paly o 0iS o Gl bl b cpl bl ol 35 ol (ol g (Jloj lis &
DS 58 pges )



1P+ F 40390 0 los o0 5l 0,590 ‘5)4gf3 ufw,m\.o

YA

Table 7. Precipitation from AOGCM models (mm)
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Time Period Scenarios  Baseline ACCESS-ESM1-5 MIROC6  MRI-ESM2-0 ACCESS-CM2 MPI-ESM1-2-LR
1985-2014 - 292.8 - - - - -
SSP1-2.6 - 274.23 291.45 259.87 281.58 292.84
2025-2044 SSP2-4.5 - 231.15 279.4 284.7 281.65 274.59
SSP5-8.5 - 293.09 285 308.37 334.57 280.76
SSP1-2.6 - -6.34 -0.46 -11.25 -3.83 0.01
% Variation SSP2-4.5 - -21.06 -4.58 -2.77 -3.81 -6.22
SSP5-8.5 - 0.10 -2.66 5.32 14.27 -4.11
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Figure 7. Projec month changes in precipitation predicted by AOGCM models under SSP scenarios in 2025-2044
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Figure 8. Project season changes in precipitation predicted by AOGCM models under SSP scenarios in 2025-2044
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Table 8. Water demand from AOGCM models (mm/d)

Time Period Scenarios B ACCESS-ESM1-5 MIROC6 MRI-ESM2-0 ACCESS-CM2 MPI-ESM1-2-LR

1985-2014 - 532.44 - - - - -
SSP1-2.6 - 555.27 545.50 557.05 545.50 545.50

2025-2044 SSP2-4.5 555.77 548.69 548.81 548.81 548.81
SSP5-8.5 552.63 558.19 551.07 568.23 558.21
SSP1-2.6 4.29 245 4.62 245 2.45

% Increase SSP2-4.5 4.38 3.05 3.07 3.07 3.07
SSP5-8.5 3.79 4.84 3.50 6.72 4.84
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Figure 9. Monthly water demand from AOGCM models under scenarios SSP126, SSP245, SSP585
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Figure 10. Season water demand from AOGCM models under scenarios SSP126, SSP245, SSP585
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Table 9. Net irrigation requirement from AOGCM models (mm/d)
Time Period Scenarios  Baseline ACCESS-ESM1-5 MIROC6 MRI-ESM2-0 ACCESS-CM2 MPI-ESM1-2-LR

1985-2014 - 440.85 - - - - -
SSP1-2.6 - 509.65 499.57 509.30 501.89 506.49
2025-2044 SSP2-4.5 - 518 501.69 503.81 513.95 518.44
SSP5-8.5 - 507.13 532.08 504.90 496.18 511.71
SSP1-2.6 - 15.61 13.32 15.53 13.85 14.89
% Increase SSP2-4.5 - 17.50 13.80 14.28 16.58 17.60
SSP5-8.5 - 15.03 20.69 14.53 12.55 16.07
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Figure 11. Monthly net irrigation requirement from AOGCM models under scenarios SSP126, SSP245, SSP585
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Figure 12. Scason net irrigation requirement from AOGCM models under scenarios SSP126, SSP245, SSP585
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Figure 13. Irrigation demand volume in Moghan network canals under SSP scenarios
Table 10. Irrigation demand volume and Irrigation adequacy of Moghan Irrigation and drainage network

Parameters Canals Based line SSP1-2.6 SSp2-4.5 SSP85-8.5
IWR (mm) - 440.85 505.38 5104 511.18
L 2763.8 2763.8 2763.8 2763.8
A (ha) M 2530.5 2530.5 2530.5 2530.5
N 1956.5 1956.5 1956.5 1956.5
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o 1524.5 1524.5 1524.5 1524.5
L 1218.42 1396.77 1410.64 1412.80
o R M 1115.57 1278.86 1291.57 1293.54
Irrigation demand volume (m”3) N 862.52 988.78 998.60 1000.12
0 672.08 770.45 778.10 779.29

L 0.43 0.37 0.37 037

Irrigation adequacy % M 0.46 0.40 038 039

N 0.52 0.45 0.45 0.45

0 0.43 037 037 037
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1. Intergovernmental Panel on Climate Change

2. Crop Water Requirement
3. Representative Concentration Pathway
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4. Atmosphere-Ocean General Circulation Model

5. Boone

6. Woodbury

7. Modison

8. Mason

9. Soil and Water Assessment Tool

10. Reproductive

11. Gomati

12. Model of interdisciplinary research on Climate Change
13. Shared Socioeconomic Pathways

14. Long Ashton Research Station-Weather Generator
15. Weather Generator

16. Statistical Downscaling Model

17. Semi-Empirical Distribution
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