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Abstract

Water resources, as one of the most critical inputs in agricultural production, have faced increasing constraints
in recent years due to climate change and unsustainable exploitation. This situation underscores the need to
optimize cropping patterns and enhance water productivity. The objective of this study is to examine the effects
of changes in irrigation methods and water-reduction scenarios on crop yield and net profit within the cropping
pattern of the Hamadan—Bahar Plain, with particular emphasis on saffron, a strategic crop for strengthening
agricultural resilience. During the 2023-2024 agricultural year, crop yield simulations were conducted under three
irrigation methods (surface, sprinkler, and drip irrigation) combined with deficit irrigation scenarios of 5%, 8%,
and 10%. The simulated yield results were subsequently incorporated as inputs into a Positive Mathematical
Programming (PMP) model to assess the impacts of yield changes on total agricultural net profit. The findings
indicate that crop yields varied significantly across the three irrigation methods, and under the 10% deficit
irrigation scenario, most crops experienced noticeable yield reductions. Consequently, saffron was introduced into
the cropping pattern due to its low water requirement and high economic potential. A comparative assessment of
irrigation methods revealed that drip irrigation consistently outperformed surface and sprinkler systems across all
scenarios, effectively compensating for yield losses and mitigating reductions in farm income. Economic results
further demonstrated that expanding saffron cultivation, alongside the adoption of modern irrigation technologies,
not only offset the profit losses associated with water scarcity but, in some scenarios, increased net agricultural
income relative to the baseline condition. Therefore, integrating saffron cultivation development with drip
irrigation systems can be recommended as a sustainable and economically viable strategy for water resource
management and for enhancing the resilience of agriculture in the Hamadan—Bahar Plain.
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Table 1- Applied water of crops under different water reduction scenarios in three irrigation methods in Hamedan—-Bahar
plain (cubic meter)

Jgazwo 70 Lials 75 xS 78 xS 710 Ll
Crop 0% Reduction 5% Reduction 8% Reduction  10% Reduction
# 2450 2328 2254 2205
Barley
o 9890 9396 9099 8901
Sugar beet
s
6230 5919 5732 5607
Cucumber
dsle &3
’ 8350 7933 7682 7515
Forage maize
i 8580 8151 7894 7722
Potato
P 4370 4151 4020 3933
Wheat
it 8820 8379 8114 7938
Tomato
Loy
5140 4883 4729 4626
Bean
)?U 4320 4104 3974 3888
Chickpea
o
R 7256 6893 6676 6530
Watermelon
Es 9390 8921 8639 8451
Alfalfa
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Table 2- Percentage of yield variations of crops under surface irrigation across different water reduction scenarios (t.ha")

Jyase &l Te ol %0 Lyuals TN s YARSE11]
Crop Base 0% Reduction 5% Reduction 8% Reduction 10% Reduction
# 3.8 - 58 -122 -16.5
Barley
o 48.15 - 71 117 -15.6
Sugar beet
e 21.06 - -6.4 -11.9 -17.3
Cucumber
ladgle ¢,y
lebgle <3 45.74 - 56 105 -14.1
Forage maize
e 38.99 - 9.0 -14.3 -18.2
Potato
o5
£ 2.63 - 5.7 -10.3 -12.9
Wheat
e 35.52 - 6.3 -11.0 -142
Tomato
L
4 1.39 - 72 -15.1 209
Bean
5% 1.15 - -6.1 -10.4 -13.0
Chickpea
ho
“o 4737 - 5.3 8.7 -11.4
Watermelon
Es 102 - 4.9 -10.7 -15.7
Alfalfa
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Table 3 — Percentage of yield variations of crops under sprinkler irrigation across different water reduction scenarios (t.ha™)

Jyase &l Te ol 7.0 als TN eals YARSE11]
Crop Base 0% Reduction 5% Reduction 8% Reduction 10% Reduction
¥ 3.8 6.1 -0.5 6.3 -10.3
Barley
Hsr 48.15 5 -1.8 6.2 -10.0
Sugar beet
s
21.06 4.5 -0.7 -6.0 -11.2
Cucumber
sladsle &5 4594 3.8 12 6.0 95
Forage maize
i 3899 6 15 6.9 -10.3
Potato
ps 2.63 49 -1 5.7 8.7
Wheat
RS 355 7.8 -0.1 37 7.8
Tomato
by 1.39 6.4 -8.6 -14.4
Bean
2956
1.15 35 1.7 -6.1 8.7
Chickpea
wlgiin 4737 2.9 2.3 5.9 8.6
Watermelon
doxig
10.2 5.9 5.9 9.8
Alfalfa
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Table 4- Percentage of yield variations of crops under drip irrigation across different water reduction scenarios (t.ha™)

Jgae al Le phals 70 Lials TN Sl A
Crop Base 0% Reduction 5% Reduction 8% Reduction  10% Reduction
# 3.8 12.8 7.4 0.6 45
Barley
o 48.15 7.9 23 23 6.1
Sugar beet
Ls
r 21.06 11.1 5.4 0 -5.5
Cucumber
L5|4é9l:- Q)S
_ 45.74 6.7 1.2 3.8 7.9
Forage maize
e 38.99 9 28 2.8 6.8
Potato
P 2.63 6.8 1.9 3.0 6.8
Wheat
e 35.52 78 2.1 3.7 7.8
Tomato
by 1.39 14.8 6.5 29 -10.8
Bean
57 115 6.1 0.9 35 7.0
Chickpea
.‘ .
“o 4737 51 1.1 2.7 5.8
Watermelon
g 102 118 6.8 19 3.9
Alfalfa
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Table 5 — Percentage changes in saffron yield, physical and economic water productivity under sprinkler and drip

irrigation
&l &g 3 Sdos <l (K58 90 % ol (5oLl 5 y90 e
Irrigation method Yield (kg.ha™')  Physical water productivity (g.m>)  Economic water productivity (IRR.m™)
L (]
(% ...). Ledaw S 7.0 240652
Surface irrigation (Base)
L el
e d)'... ' 8.9 28.1
Sprinkler Irrigation
o lad ¢l

Drip Irrigation
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Table 6- Validation statistics of AquaCrop for aggregated crops under different irrigation methods and deficit irrigation

scenarios
T Lo
S 0r9) ) MAE (t.ha™) MSE (t.ha™) RMSE (t.ha™) R
Irrigation methods Scenario
P o
! U o9k 1.45 +0.20 2.05 0.92
0% Reduction
SalS 0
il 7 , 1.70 -0.30 2.30 0.91
>daw 5% Reduction
irrigati A
Surface irrigation el A 2.10 ~0.60 2.70 0.90
8% Reduction
Sals )
oiels 7 _ 2.55 -0.90 3.20 0.89
10% Reduction
! U o9k 1.20 +0.10 1.75 0.93
0% Reduction
SalS 0
iRl _ 1.50 —0.25 2.05 0.92
shb 5% Reduction
Sprinkler irrigation el 7A 1.85 —0.45 2.40 0.91
8% Reduction ’ ’ ' ’
sals )
oiels 7 _ 225 -0.70 2.80 0.90
10% Reduction
! U o9k 0.95 +0.05 1.50 0.95
0% Reduction
SalS 70
) iRl _ 1.25 -0.20 1.80 0.94
(Slolad 5% Reduction
o N
Drip irrigation iRl 7A 1.55 ~0.35 2.10 0.93
8% Reduction
SalS )
ohels 7 _ 1.90 ~0.60 2.40 0.92
10% Reduction
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Table 7- Changes in crop cultivation area under surface irrigation (ha)

Jpao “l Y 92yt Y 925l Y 92 )b £ g2,lw
Crop Base Scenario 1 Scenario 2 Scenario 3 Scenario 4
#» 7666 - -460 -459 0
Barley
o 48 - .14 .14 0
Sugar beet
>
812 - +243 0 +243
Cucumber
sledgle @2 570 - 171 171 0
Forage maize
i 13247 - +2924 +2511 951+
Potato
P 16788 - 1007 350 1007
Wheat
e 66 - 219 20 0
Tomato
by 104 - 31 31 31
Bean
57 1550 - -465 -465 -159
Chickpea
Wlgia 482 - -145 -144 0
Watermelon
g 14302 - -858 -858 0
Alfalfa
ol 8 E +2 +5 +6
Saffron
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Table 8- Changes in crop cultivation area under sprinkler irrigation (ha)

Jyaxe wb Y S92yl Y sl Y g9l £ Loyl
Crop Base Scenario 1 Scenario 2 Scenario 3 Scenario 4
#» 7666 -316 -366 -616 -666
Barley
e 48 +14 +14 +14 +14
Sugar beet
Pl
812 +233 +208 +238 +208
Cucumber
sledgle @2 570 +165 +150 +150 +130
Forage maize
i 13247 +1953 +1603 +1253 +953
Potato
pus
16788 +262 +262 +312 +262
Wheat
S 66 +19 +19 +18 +17
Tomato
s 104 +31 +26 +31 +26
Bean
?9’6 1550 -400 -425 -430 -500
Chickpea
Wlgia 482 +133 +133 +128 +118
Watermelon
. 14302 -502 752 1102 -1402
Alfalfa
ol 8 +7 +8 +12 +15
Saffron
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Table 9- Changes in crop cultivation area under drip irrigation (ha)

Jypaze ab Y sgybw Y sg b ¥ gyl € g2l
Crop Base Scenario 1 Scenario 2 Scenario 3 Scenario 4
I 7666 -386 -387 -386 -396
Barley
KRN 48 +14 +14 +14 +14
Sugar beet
IS 812 +243 +243 +238 +238
Cucumber
Sladgle )3 570 +171 +171 +170 +170
Forage maize
i 13247 +2501 +2113 +2053 +2103
Potato
puiS 16788 +712 +312 +312 +312
Wheat
S pha S 66 +19 +19 +19 +19
Tomato
Loy 104 +31 +31 +31 +31
Bean
959 1550 0 -465 -460 -465
Chickpea
&g 482 +144 +144 +143 +29
Watermelon
a5y 14302 -730 -714 -687 =762
Alfalfa
oy 8 +8 +10 +12 +15
Saffron
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Table 10- Net profit changes of the cropping pattern without Saffron under irrigation methods (billion tomans)

92, kus P )l Cgli b sl Cgli o st Cogli
Scenario Slfrfa.ce Difference Spl:mk.l er Difference I.)rlp. Difference
Irrigation Irrigation Irrigation
\ [
‘55')')_ - - 568.24 1.27 568.60 1.63
Scenario 1
Lo
Y ‘5%)_ 567.06 0.09 567.34 0.37 567.68 0.71
Scenario 2
A Lo
‘5%)_ 566.85 -0.12 566.98 0.01 567.54 0.57
Scenario 3
¥ oyl
‘59')'), 566.56 -0.41 566.73 -0.24 566.88 -0.09
Scenario 4

s saisl (sl
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Table 11- Net profit changes of the cropping pattern with Saffron under irrigation methods (billion tomans)

92w b gl gl s’,)L.! sl gli d“’r“'—"'d)‘eﬁ‘ gl
Scenario Sl}rfa'ce Difference Spl:mk.ler Difference l.)np. Difference
Irrigation Irrigation Irrigation
\ Lo
‘5%), 573.64 6.67 575.32 8.35 575.49 8.52
Scenario 1
Y d%)}@ 574.73 7.76 574.83 7.86 575.09 8.12
Scenario 2
Y L
d%), 574.24 7.30 574.34 7.37 574.44 7.47
Scenario 3
¥ Lo
‘5%). 573.85 6.88 574.10 7.13 574.20 7.23
Scenario 4
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