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Introduction

In recent years, the heightened concentration of greenhouse gases has brought increased attention to the
pressing issue of climate change. Therefore, monitoring climatic variables to prevent the adverse effects of climate
change is more important than ever. In pursuing long-term climatic forecasting and assessing their evolving
patterns; various international scientific societies have concentrated on understanding the extent of climate change
and devising measures to counter its adverse effects. The development of general circulation models of the
atmosphere (GCM) has been a significant stride in this direction. However, GCMs may lack precision in predicting
minor changes at a local scale. To address this limitation, the utilization of downscaling models such as SDSM
and Lars_ WG (that were used here) becomes imperative. These models serve as essential tools for simulating the
viability of cultivating agricultural species in the future, especially when considering localized impacts. Because
climate change will probably change the conditions for growing canola, as one of the strategic and prominent crops
in Iran, studying the effects of this worldwide event on the canola-grown fields in the future is needed.

Materials and Methods
In this research, using temperature and precipitation forecasting models, GIS functions and hierarchical
analysis process (AHP), canola suitability classes for 2050 were determined in Mazandaran Province. 37
meteorological and synoptic stations were involved, and climatic data (including temperatures and precipitation)
were generated under three RCP scenarios (2.6, 4.5, 8.5). In this study, we utilized two general circulation models
(Can-ESM2 and HadGEMZ2-ES) that had been recommended for application in the study area.

Results and Discussion
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A comparison of the involved models showed that the SDSM model was superior in predicting temperature,
while the Lars-WG model performed better in predicting precipitation. The results for the land suitability revealed
that the changes in climatic variables would lead to changing the suitability of agricultural lands for growing
canola. Examining temperature change maps in the investigated region revealed that minimum and maximum
temperature variables are poised to rise under climate change scenarios, with a more pronounced increase
anticipated in maximum temperatures. The findings indicate that the projected temperature increase will establish
more conducive conditions for canola cultivation. Additionally, precipitation patterns increase in both RCP 2.6
and 4 scenarios, with a more substantial rise in the RCP 2.6 scenario. Conversely, the RCP 8.5 scenario predicts a
decline in precipitation levels. Also, considering the climate change scenarios, the spatial distribution and the area
of each suitability class changed slightly, so the high-suitable class will extend under RCP2.6, especially toward
the center parts of the study area. Under RCP 8.5 and RCP 4.5 scenarios, not only suitable lands were not
considerable, but also the less suitable land extended to the southern and western parts of the study area.

Conclusion

The output of the land suitability maps showed that climate change would change the suitability of the studied
agricultural lands in the future. Also, with the implementation of the climate change scenarios, the area and
geographical distribution of detected classes will change. In the optimistic scenario, the lands will be more
appropriate for canola cultivation and will cover a wider area. In other scenarios, the conditions for canola
cultivation in the lands of Mazandaran will be more unsuitable compared to the present, and the decrease in the
level of suitability will be more evident in the western and southern lands of the province. Therefore, solutions
such as the use of more compatible cultivars and changes in agricultural management in facing new conditions in
these areas should be considered. The outcomes of these studies offer practical insights for shaping regional
planting strategies, aiding decisions on crop inclusion or exclusion, and informing the overall design of agricultural
patterns in the area.
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Table 1- Classes used in the generation of climatic factors maps for canola suitability assessment (Kazemi et al., 2012;
Makhdoom et al., 2011; Martin & Saha, 2009)
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Table 3- Comparison of SDSM and Lars_WG climate simulators for the maximum temperature
of studied stations

oK oU Lars-WG SDSM
Station RMSE MBE MAE RMSE MBE MAE
3 et 0.654 0.133 0.594 0.024 -0.0048 0.0178
Dashtnaz
Peiall 0.580 0.152 0.462 0.024 0.011 0.018
Ghaemshahr
S5l 0.567 0.147 0.450 0.024 -0.007 0.017
Gharakhel
’,‘”L"s 0.680 -0.057 0.568 0.031 0.016 0.021
Kiasar
”"_& 0.656 0.009 0.480 0.177 0.055 0.126
Kojor
Rl 0.662 -0.036 0.542 0.014 0.006 0.009
Noshahr
i JJ 0.684 0.033 0.529 0.033 -0.007 0.027
Polsefid
el 0.656 0.104 0.547 0.009 0.002 0.008
Ramsar
g)Lf’ 0.648 0.122 0.529 0.022 -0.007 0.016
ari
M fl*” 0.676 0.033 0.550 0.292 -0.064 0.229
Siahbishe
wa’“‘ 0.524 -0.119 0.432 0.378 -0.284 0.295
Minodasht
e 0.468 0.166 0.362 0.445 0.069 0.223
Kordkoy
Ul ile 0.523 -0.128 0.405 0.328 -0.177 0.271
Hashemabad
o5 0.717 -0.099 0.568 0.014 -0.001 0.011
Gorgan
AN
0.958 0.604 0.785 0.149 -0.009 0.118
Kalalehh
4 oglye 0.633 -0.044 0.487 0.191 -0.092 0.146
Maravetape
OS5 0.742 0.104 0.568 0.153 -0.003 0.121
Bandar Torkman
SLlyeel )M 0.710 0.006 0.582 0.018 0.001 0.014
Bandar Amirabad
sl s
. 0.860 -0.044 0.701 0.062 -0.035 0.045
Aliabad
el 0.678 0.049 0.575 0.060 0.024 0.051
Amol
el 0.632 0.081 0.521 0.018 -0.009 0.015
Babolsar
WLy
i 0.693 -0.139 0.576 0.026 0.013 0.021
Gonbad
3)_9&‘9 0.669 0.101 0.634 0.035 -0.004 0.015
Bojnord
ot 0.595 0.120 0.502 0.035 -0.010 0.015

Esfarayn
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oS o538 0.582 0.115 0.490 0.035 -0.006 0.014
Gorgan Airport
lolows
0.695 -0.089 0.608 0.042 0.017 0.018
Samafan
] 0.671 -0.023 0.520 0.188 0.056 0.123
Alasht
Jl’;I”"’I 0.677 -0.032 0.582 0.025 0.007 0.006
Amirabad
sl 0.699 0.001 0.569 0.044 -0.006 0.024
Badele
79 0.671 0.072 0.587 0.020 0.003 0.005
Rodsar
"’b'bfb\j 0.663 0.090 0.569 0.033 -0.006 0.013
Lahijan
M G
T 0.691 0.001 0.590 0.303 -0.063 0.226
Bayekola
M)L” 0.539 -0.151 0.472 0.389 -0.283 0.292
Biarjmand
Oliows
0.463 0.134 0.402 0.456 0.070 0.220
Semnan
25818 0.538 -0.160 0.445 0.339 -0.176 0.268
Shahrod
oleel 0.732 -0.131 0.608 0.025 0.000 0.008
Damghan
e 0.173 0.572 0.825 0.160 -0.008 0.115
Garmsar

axdlls 3590 (SOl WipeS slod g1y Lars. WG g SDSM ool (o jlusdnud duglio —€ Jgin
Table 4- Comparison of SDSM and Lars WG climate simulators for the minimum temperature of studied stations

o Rws] o Lars-WG SDSM

Station RMSE MBE MAE RMSE MBE MAE
O 0.655 -0.032 0.534 0.016 -0.006 0.017
Dashtnaz

el 0.571 0.139 0.444 0.027 -0.008 0.017
Ghaemshahr

J13 0.567 0.147 0.450 0.024 -0.007 0.017
Gharakhel

’_“’l”{ 0.634 -0.072 0.536 0.020 0.009 0.016
Kiasar

)’"_'5 0.600 0.009 0.501 0.091 0.021 0.072
Kojor

R 0.653 0.012 0.554 0.015 0.007 0.010
Noshahr

'\MJ” 0.637 -0.029 0.509 0.015 0.000 0.013
Polsefid

el 0.731 0.293 0.588 0.016 -0.004 0.013
Ramsar

“”L_” 0.640 -0.022 0.512 0.015 -0.004 0.012
Sari

Adn olw

0.615 -0.028 0.517 0.166 -0.043 0.125
Siahbishe

sl 0.400 0.179 0.310 0.371 -0.147 0.169

Minodasht
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S35
Kordkoy
ol pasls
Hashemabad
oS
Gorgan
FIMLY
Kalalehh
45 oglye
Maravetape
OeS ¥
Bandar Torkman
bl el iy
Bandar Amirabad
s sl
Aliabad
ol
Amol
bl
Babolsar
A5
Gonbad
29
Bojnord
Og_b.é.ul
Esfarayn
OBS o838
Gorgan Airport
RAC
Samafan
syl
Alasht
3Ll ol
Amirabad
PN
Badele
r939)
Rodsar
by
Lahijan
M4l
Bayekola
R
Biarjmand
Sliows
Semnan
39,0l
Shahrod
Ol
Damghan
Sawe S
Garmsar

0.417

0.467

0.686

0.927

0.472

0.614

0.686

0.447

0.605

0.758

0.730

0.733

0.642

0.617

0.402

0.419

0.469

0.688

0.929

0.474

0.616

0.688

0.449

0.607

0.760

0.732

0.098

0.039

-0.018

0.658

-0.080

0.031

-0.025

0.033

-0.009

0.313

0.299

0.281

-0.034

-0.04

0.017

0.086

0.027

-0.03

0.646

-0.092

0.019

-0.037

0.021

-0.021

0.301

0.287

0.344

0.375

0.566

0.702

0.380

0.510

0.548

0.367

0.488

0.613

0.563

0.602

0.526

0.531

0.324

0.358

0.389

0.58

0.716

0.394

0.524

0.562

0.381

0.502

0.627

0.577

0.313

0.304

0.016

0.043

0.166

0.098

0.013

0.014

0.021

0.012

0.027

0.015

0.014

0.165

0.370

0.412

0.303

0.015

0.042

0.165

0.097

0.012

0.013

0.020

0.011

0.026

-0.077

-0.185

0.005

-0.012

-0.080

-0.016

0.001

0.002

-0.009

-0.003

-0.008

-0.002

-0.002

-0.041

-0.245

-0.075

-0.183

0.007

-0.011

-0.078

-0.014

0.003

0.004

-0.007

-0.001

-0.006

0.200

0.256

0.013

0.034

0.132

0.073

0.011

0.011

0.016

0.009

0.021

0.011

0.010

0.123

0.267

1.198

0.254

0.011

0.032

0.130

0.071

0.009

0.009

0.014

0.007

0.019
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Table 5 -Comparison of SDSM and Lars_WG climate simulators for precipitation forecasting in the studied stations

o] oU Lars-WG SDSM
Station RMSE MBE MAE RMSE MBE MAE
b eud> 0.292 -0.030 0.255 0.452 0.390 0.381
Dashtnaz
Pl 0223 -0077 0.175 0451 0415 0421
Ghaemshahr
J2 0233 -0.074 0.174 0.457 0.405 0.405
Gharakhel
",“’L"s 0.234 0113 0.173 0.363 0.310 0.310
Kiasar
”’;‘S 0.105 -0.014 0.082 0.219 0.168 0.169
Kojor
Rl 0.666  0.359 0.432 1.061 0.819 0.819
Noshahr
M‘“’J’ 0.198 0.031 0.161 0451 0.369 0.369
Polsefid
el 0.640 0.237 0.434 1.110 0.847 0.847
Ramsar
‘Sjglr“ 0.288 -0.029 0.235 0.422 0.385 0.385
i
Ao olow
0.177 -0.006 0.126 0.351  0.283 0.283
Siahbishe
w>9.m 0.306 0.138 0.260 0451 0371 0411
Minodasht
9525 0.369 0.075 0.306 0.421 0.377 0.377
Kordkoy
U il 0.159 0.005 0.117 0431 0.378 0.378
Hashemabad
g 0.175 0.044 0.138 0.314 0.291 0.291
Gorgan
AN
0.035 0.001 0.106 0.052 0.037 0.139
Kalaleh
& oglye 0.173  0.041 0.125 0.245 0.185 0.185
Maravetape
oS F 0.185 0.038 0.135 0.349 0.280 0.280
Bandar Torkman
ﬂ""’*""f‘" 0.241 0.006 0.183 0.427 0.353 0.353
Bandar Amirabad
Sl e
. 0.321 0.114 0.247 0.367 0.335 0.335
Aliabad
el 0.326 0.106 0.238 0.401 0.366 0.366
Amol
el 0.301 -0.095 0.232 0.519 0.406 0.406
Babolsar
Wit
j 0.415 -0.090 0.163 0.601  0.142 0.522
Gonbad
°’_"’” 0.149 0.028 0.168 0.155 -0.080 0.193
Bojnord
oyl 0.104 0.018 0.174 0.154 -0.077 0.203

Esfarayn
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oS °l§_°"'é 0.143 0.123 0.138 0.153  0.140 0.204
Gorgan Airport
lolows
0.013 0.081 0.136 0.062 -0.017 0.075
Samafan
] 0.063 0.132 0.078 0412 0.356 0.636
Alasht
i‘f‘"‘"’l 0.041 0.382 0.168 0.141 0.028 0.168
Amirabad
sl 0.079 0.160 0.127 0.414 0.234 0.161
Badele
729) 0.077 0.198 0.139 0.215 -0.032 0.258
Rodsar
Ul"‘f‘f\! 0.105 0.196 0.168 0.106 -0.009 0.147
Lahijan
K al 0.171  0.184 0.168 0.240 0.135 0.276
Bayekola
w)t” 0.172  0.190 0.138 0.286 0.072 0.339
Biarjmand
Oliows
0.185 0.191 0.148 0.097 0.002 0.159
Semnan
2581 0.033 0.104 0.131 0.118 0.041 0.145
Shahrod
oeeb 0.079  0.050 0.069 0.086 -0.002 0.105
Damghan
Srd 0.096 0.198 0.162 0.105 0.038 0.163
Garmsar

01353l sl )3 155 0y ad Jsb 3 JUo Jloj & s Y00 Jlw 33 53 5 ool S1lad ol sk 5 (50ke 1 S
Table 6- Mean and change values of the main temperatures and precipitation in 2050 compared to current state during
canola growing season in Mazandaran province

2 2 e e
> = R 2 3 IS 9 B
c =) i © = 5 A 3 3
9 £ g }gm YES igm % Ee
B Low _‘g"\f\ Q~ ')E“":; ) éﬁ,\ :JEG—‘.E =B
) :)OEM QS E "wg’g nEs—Q "cu?E "ELQ
.5 E Z o 2 E 3 =8 = 3 @ 3 3 * G = 3 5 ©9
Scenarios 2A8=>- 5= VeSS Jge™ M ES < D geT
bse b3 F2°- JFEs s°= g5
8 E 3z .3 %’ W3¢ = W3¢ CI>J
T § = <
J ol — 535.43 — 16.93 — 7.98
Current state
62.42 1.28 (°C) 0.89 (°C)
RCP 2.6 11.6 (%) 597.43 7.5 (%) 18.21 12.2 (%) 8.96
5.05 (°C)1.66 1.78 (°C)
RCP 45 0.94 (%) 540.48 9.8 (%) 18.59 22.3 (%) 9.76
-45.03 2.63 (°C) 2.32 (°C)
RCP 8.5 -8.4 (%) 490.40 15.5 (%) 19.56 29 (%) 10.30
g By Bblie (Su)b Ll e il salgss Slus @olas adllas 93 1y eai] 3 (Sw,b Lalil 55 o, oliee 390 50 gl
) stelie gols (0 JSoi) 3¢ dmlgs yiin (oS sl 5 (550 3 SH,L I8l ol a8 amd o Li3 4.5 g RCP 2.6 (go0 ko
Darzi Naftchali & ) us ()55 5 ajss Jlod 5 o pijle (sl RCP 8.5 (g1 )b 1 Ul il 0393 5y RCP 2.6 (5 )i
(Karandish, 2016; Hashemi et al., 2011 2 ol G SuSly ol sl ol S (S,L el

3y50 03950 ye 43 b iyl a8 ol LS eu b W)gi (olad ids
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Table 7- Area and total share of each suitability class for canola cultivation in agricultural lands of Mazandaran province

1305 CcuiS (gl o)) s b
Land suitability classes for canola cultivation

gy , b Carads ol L wlin Culio s
Scenarios Non-suitable Moderately- suitable Suitable Highly suitable
1o o yd 1o oyd lroes o yd lroes KW
Hectares  Percent Hectares  Percent Hectares  Percent Hectares  Percent
Current state Jis \l; — - 2092 0.39 391475 74.45 132238 25.15
RCP 2.6 — — 1334 0.25 118200 22.47 406326 77.26
RCP 4.5 895 0.17 105772 20.11 419184 79.71 3 0.0004
RCP 8.5 315 0.06 68248 12.97 457290 86.96 — —
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