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Abstract

Climate change is one of the key challenges affecting agricultural sustainability across many plains of Iran. In
recent decades, decreased precipitation and rising temperatures in Iran’s arid and semi-arid climates—particularly
in the Hamedan—Bahar plain—have led to reduced water resource efficiency and increased instability in
agricultural production. Under these circumstances, identifying and evaluating climate-resilient cropping options
is essential to enhance the adaptive capacity of regional agriculture. This study aims to assess the effectiveness of
saffron cultivation as an economically viable and climate-compatible strategy in the Hamedan—Bahar plain. First,
projected trends in temperature and precipitation were analyzed using climate scenario data for the synoptic station
at Hamedan Airport. Subsequently, the yields of saffron and other common regional crops were simulated under
these scenarios using a crop growth and yield simulation model. A mathematical programming model was then
developed to maximize net agricultural profit and to examine the impact of changing crop yields on the cropping
pattern under different climate scenarios. The results indicate that, under all three future climate scenarios, the
average yield of major crops such as wheat, barley, and potato is expected to decline by approximately 2—4%. In
contrast, saffron yield is projected to increase by an average of up to 3% across the scenarios. Furthermore, both
the cultivated area and net profit from saffron exhibit an upward trend toward 2050. Notably, even under the
pessimistic scenario, incorporating saffron into the cropping pattern leads to a net profit increase of more than 2%
compared to the baseline. These findings underscore saffron’s potential as an economically attractive, low-risk,
and climate-resilient crop, highlighting its role as an effective adaptation strategy to complement previously
studied measures under future climate conditions.
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Table 2- A model compatible with climate variables at the airport station (Hamadan) based on MBE, RMSE & NSE
indices in the Hamedan Plain - Spring

P o9es 0255 Je
Model GCM

ACCESS-CM2
ACCESS-ESM
BCC-CSM2-MR
CNRM-CM6-1-HR
FGOALS-g3
GFDL-ESM4
IPSL-CM6A-LR
MIROC 6
MPI-ESM1-2-HR
MRI-ESM2-0

MBE RMSE NSE
6.68 8.96 0.62
14.60 19.11 -0.71
5.28 7.56 0.73
4.90 5.89 0.84
7.20 10.19  0.51
2.87 3.31 0.95
1141 1511 -0.07
8.06 1152 038
3.07 3.82 0.93
6.77 8.47 0.66

Source: Research findings.
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Table 3- Projected long-term monthly precipitation values with the selected model in different scenarios (mm)

(Le30) 2o olaalie SSP1-2.6 g1 \Luw SSP2-4.5 g5 \Luw SSP3-7.0 g5 L
Month Obs. Scenario SSP1-2.6 Scenario SSP2-4.5 Scenario SSP3-7.0
1 29.98 30.74 31.57 31.03
2 38.87 39.18 36.53 36.60
3 51.04 47.03 50.76 39.53
4 47.81 47.06 42.66 41.18
5 22.52 27.25 24.86 24.77
6 3.31 6.47 491 3.64
7 3.38 3.51 4.61 4.20
8 2.09 1.25 1.96 0.95
9 1.36 1.20 2.87 2.48
10 21.67 20.30 19.62 16.74
11 41.86 30.35 27.87 29.15
12 38.49 38.85 35.96 39.49
Eyoe 302.38 293.20 284.17 269.76
Sum.
Syt 2 - 3.58 -6.45 -9.64

Percentage of changes (%)

Guios saialy sisle

Source: Research findings.
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Table 4- Projected long-term monthly maximum temperature values with the selected model in different scenarios

(Celsius)
(Le3¥0) 2o Slalie SSP1-2.6 g1 ,Lww SSP2-4.5 g5 L SSP3-7.0 g1\l
Month Obs Scenario SSP1-2.6 Scenario SSP2-4.5 Scenario SSP3-7.0
1 1.68 2.50 2.36 3.57
2 4.20 541 5.58 6.60
3 9.88 11.36 11.37 12.31
4 16.21 17.40 17.29 18.03
5 23.51 23.24 23.86 24.10
6 30.71 29.45 30.04 30.38
7 34.69 33.97 34.12 34.33
8 33.86 34.05 34.51 34.33
9 29.38 29.27 29.88 29.97
10 21.53 21.15 22.73 22.25
11 11.11 12.45 12.56 13.36
12 4.18 6.02 6.38 6.77
Ol 1841 18.85 19.22 19.67
Average
et ol - 0.44 0.81 1.26

The amount of changes

s saisl (8l

Source: Research findings.
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Table 5- Projected long-term monthly minimum temperature values with the selected model in different scenarios

(Celsius)
(L53%0) oo Flalie SSP1-2.6 g1 \Luw SSP2-4.5 g5 \Luw SSP3-7.0 g1,
Month Obs Scenario SSP1-2.6 Scenario SSP2-4.5 Scenario SSP3-7.0
1 -19.65 -11.19 -11.57 -10.97
2 -16.28 -7.76 -8.63 -8.22
3 -5.71 -3.70 -3.28 -3.64
4 2.72 0.83 0.93 1.02
5 7.27 3.90 4.25 4.40
6 10.94 7.40 7.81 7.70
7 14.88 11.36 11.81 11.85
8 13.69 10.84 10.39 10.90
9 8.90 6.00 5.98 6.15
10 3.61 0.69 1.39 1.29
11 -5.19 -4.68 -3.97 -3.55
12 -15.40 -7.59 -7.15 -7.41
ol -0.02 0.51 0.66 0.79
Average
et e - 0.53 0.68 0.81

The amount of changes

G claassly sisle

Source: Research findings.
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Table 6 — Projected yields of cropping pattern products and medicinal plants under climate scenarios for the period 2026—
2050 (tons.ha™)

Jonasms aly SSP1-2.6 gy,lw  SSP2-4.54y,lue  SSP3-7.0 g1 b
Crop Base Scenario SSP3-7.0 Scenario SSP2-4.5 Scenario SSP1-2.6
g 10.20 10.17 10.15 10.12

Alfalfa

# 3.77 3.67 3.65 3.62

Barley

L
= 1.39 1.35 1.35 134
Beans
s
’ 21.06 20.63 20.56 2043
Cucumber
e 4.50 4.47 4.46 445
Garlic
il o
ledgle @2 45.74 46.43 46.53 46.72
Fodder corn
.t 115 111 1.10 1.09
Pea

i 38.99 38.98 388 38.60

Potato

P 3.67 3.67 3.66 3.65
Clover

l.

e 1.69 1.67 1.67 1.671

Canola
el 48.15 48.06 48.01 48.00

Sugar beet
e 35.52 34.62 34.50 34.29
Tomato
s
S 4737 46.28 46.22 46.08
Watermelon
5
: 2.63 2.58 2.57 2.56
Wheat
ke 1.83 1.79 1.78 1.77
Rain-fed barley
Rl 0.41 0.40 0.40 0.40
Rain-fed lentil
i
o3 Slgie 0.72 0.71 0.71 0.71

Rain-fed watermelon
MJ ‘PJ.S

) 0.43 0.42 0.42 0.42
Rain-fed wheat
# .0 aet
oS 0.007 0.00709 0.00710 0.00711
Saffron

Guios slaaialy sisle
Source: Research findings.
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Table 7- Projected changes in cultivation area of selected crops under three climate scenarios (2026-2050) (Hectares)

Jgpao b SSP1-2.6 g2, SSP2-4.5 ¢l SSP3-7.0 ¢l
Crop Base Scenario SSP3-7.0 Scenario SSP2-4.5 Scenario SSP1-2.6
NS 14302 -440 423 388

Alfalfa

# 7666 1176 -1204 1268

Barley

Ly 104 37 36 36
Beans
Ls
* 812 -284 -287 2292
Cucumber
e 1510 -1504 1504 1504
Garlic
lbsle <5 570 286 289 292
Fodder corn
297 1550 1616 1616 1616
Pea

S 13247 10874 10871 10866

Potato

P 521 1386 1386 384
Clover

el 125 72 72 73

Canola
el 48 17 17 17

Sugar beet
e 66 20 19 18
Tomato
.l .
Slgn 482 -121 122 2125
Watermelon
puiS
16788 4962 4962 4962
Wheat
o 11235 6741 6741 6741
Rain-fed barley
2 o 282 -188 -186 -181
Rain-fed lentil
e 473 331 331 331
Rain-fed watermelon
e ad 73358 -6728 6716 -6689
Rain-fed wheat
gt
o) 8 127 128 130
Saffron

s sloasdly 1isle
Source: Research findings.
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Table 8- Forecasted changes in the net agricultural profit of Hamadan—Bahar plain under climate scenarios with and
without saffron (Billion tomans)

YeYT-Yeoo STb,9

B dgmw Cglay
" L Future period 2026-2050 oIl 25 gl
) “b . ~ ST . = . " 83w (5 3 Lwdams
. AP CU B R Y T - RS CuiS 595 4y ] j8e 5 13938 :
Scenario  Base Simulated net profit
Removal of saffron from the Adding saffron to the difference
cultivation pattern cultivation pattern
SSP1-2.6  864.15 863.85 869.97 6.12
SSP2-4.5  864.15 860.82 866.93 6.10
SSP3-7.0  864.15 856.04 862.12 6.07

eizs cassl (3L

Source: Research findings.
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