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Referances

Excessive use of chemical toxicants (E-C1)
Excessive use of chemical fertilizers (E-C2)
Low use of organic fertilizer (E-C3)

Changes in plant yields due to changes in environmental temperature (E-C4)
Non-complaince of cultivation time due to changes in environmental temperature (E-C5)

(E-C6)

Rainfall changes during grain maturity (E-C11)

Changes in the number of frost days (E-C14)
High erosion and soil compaction (E-C15)

Environmental and climatic factors

Limitation in water resource and water access (E-C7)

Traditional irrigation system and low attention to modern irrigation systems (E-C8)
No adaptation of rainfall time to critical times of growth (E-C9)

Changes in the number of days with effective rainfall (E-C10)

Changes in solar radiation during grain maturity (E-C12)
Evapotranspiration due to climate change (temperature and radiation) (E-C13)

Changes in the flowering period of plants due to changes in environmental temperature

Mollaie et al., 2019;
Keshavarz, 2019;
Azizi-Khalkheili et al.,
2016;

Dadashian Saray et al., 2015
Esmaeili et al., 2011

Low biodiversity in plant cultivation (no attention to intercropping) (E-C16)

Chemical pollution of soil and water (salinity, heavy metals ....) (E-C17)

low use of livestock near the farms (E-C18)

Lack of proper fallowing in order to increase soil fertility (E-C19)

No crop rotation (E-C20)
Burning the farms after harvest (E-C21)
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Table 2- Positive and negative ideal dsolutions

Expert ideas (E) Positive ideal Negative ideal

solution (A*) solution (AY)
El 0.0011 0.0004
E2 0.0011 0.0004
E3 0.0184 0.0020
E4 -3.3129 -0.0003
E5 0.0002 6.0777
E6 0.0014 0.0005
E7 0.0109 0.0012
ES8 0.0082 0.0009
E9 0.0005 0.0002
E10 0.0002 0.0006
E11 0.0026 0.0009
E12 0.0086 0.0010
E13 0.0023 0.0003
E14 0.0138 0.0015
E15 0.0179 0.0020
E16 0.0097 0.0011
E17 -9.4252 -0.0003
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Table 3- Sub-criteria seperation of positive and negative ideals
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Sub-criteria seperation of

positive and negative ideals

Criteria Sub-Criteria
Sy S
Excessive use of chemical toxicants (E-C1) 0.0292 0.0080
Excessive use of chemical fertilizers (E-C2) 0.0292 0.0094
Low use of organic fertilizer (E-C3) 0.0279 0.0064
Changes in plant yields due to changes in environmental 0.0072 0.0255
temperature (E-C4)
Non-complaince of cultivation time due to changes in environmental 0.0122 0.0209
temperature (E-C5)
Changes in the flowering period of plants due to changes in 0.0172 0.0183
environmental temperature (E-C6)
Limitation in water resource and water access (E-C7) 0.0076 0.0301
Traditional irrigation system and low attention to modern irrigation 0.0249 0.0104
systems (E-C8)
Environmental  No adaptation of rainfall time to critical times of growth (E-C9) 0.0167 0.0206
and climatic Changes in the number of days with effective rainfall (E-C10) 0.0170 0.0212
factors Rainfall changes during grain maturity (E-C11) 0.0187 0.0206
Changes in solar radiation during grain maturity (E-C12) 0.0192 0.0145
Evapotranspiration due to climate change (temperature and 0.0184 0.0184
radiation) (E-C13)
Changes in the number of frost days (E-C14) 0.0214 0.0171
High erosion and soil compaction (E-C15) 0.0250 0.0133
Low biodiversity in plant cultivation (no attention to intercropping) 0.0271 0.0068
(E-C16)
Chemical pollution of soil and water (salinity, heavy metals ....) (E- 0.0306 0.0020
C17)
low use of livestock near the farms (E-C18) 0.0289 0.0062
Lack of proper fallowing in order to increase soil fertility (E-C19) 0.0264 0.0070
No crop rotation (E-C20) 0.0178 0.0158
Burning the farms after harvest (E-C21) 0.0298 0.0047
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Table 4: Ranking of sub-criteria affecting the reduction of canola production using TOPSIS method in Ahar
U (g5 00lastwl b yol (yliw o )0 1S CollS (pals 50 Jigo sbslimopj sivad; -F Jgua

Relative
Criteria Sub-Criteria _closeness _to Rank
ideal solution
(T9)
Excessive use of chemical toxicants (E-C1) 0.2163 15
Excessive use of chemical fertilizers (E-C2) 0.2442 14
Low use of organic fertilizer (E-C3) 0.1870 18
Changes in plant yields due to changes in environmental temperature (E-C4) 0.7793 2
Non-complaince of cultivation time due to changes in environmental
0.6309 3
temperature (E-C5)
o Changes in the flowering period of plants due to changes in environmental
£ 0.5159 7
8 temperature (E-C6)
uf Limitation in water resource and water access (E-C7) 0.7989 1
= Traditional irrigation system and low attention to modern irrigation systems 0.2946 13
£ (E-C8)
© No adaptation of rainfall time to critical times of growth (E-C9) 0.5515 5
g Changes in the number of days with effective rainfall (E-C10) 0.5550 4
= Rainfall changes during grain maturity (E-C11) 0.5241 6
'g Changes in solar radiation during grain maturity (E-C12) 0.4307 11
IS Evapotranspiration due to climate change (temperature and radiation) (E-
§ C13) 0.4999 8
= Changes in the number of frost days (E-C14) 0.4452 10
w High erosion and soil compaction (E-C15) 0.3484 12
Low biodiversity in plant cultivation (no attention to intercropping) (E-C16) 0.2015 17
Chemical pollution of soil and water (salinity, heavy metals ....) (E-C17) 0.0620 21
low use of livestock near the farms (E-C18) 0.1783 19
Lack of proper fallowing in order to increase soil fertility (E-C19) 0.2112 16
No crop rotation (E-C20) 0.4708 9
Burning the farms after harvest (E-C21) 0.1370 20
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Table 5- Annual changes (average minimum temperature (Tmin), average maximum temperature, total precipitation,
average solar radiation) observed during 2000-2017 in Ahar

(arly) oo uanlinn Al (95 Gl Brgio § (Tl € 9070 oyl y> 42 53 At 9 Ao bsgio) (soaldl Jolge ~d Jgar
21 oyl s 53 YA VWYA b Sl o

Average minimum

Average maximum

Total precipitation Average solar radiation

Year temperature (°C) temperature (°C) (mm) (MJm2 Day)
1378 5.8 17.3 243.5 7.4
1379 6.5 18.3 190.7 1.7
1380 5.8 17.6 268.2 7.5
1381 6.0 16.3 274.2 6.7
1382 5.7 17.4 365.3 7.5
1383 5.8 17.4 236.5 7.6
1384 5.9 17.7 283.5 1.7
1385 5.4 16.7 335.4 7.4
1386 5.4 16.8 206.5 7.1
1387 5.8 17.1 182.9 6.9
1388 7.2 20.1 276.4 7.6
1389 51 15.7 337.8 6.7
1390 6.3 17.8 290.0 7.2
1391 5.7 17.3 298.7 7.7
1392 6.8 18.3 272.4 7.5
1393 6.5 184 386.7 7.3
1394 6.4 18.8 253.8 7.1
1395 7.1 19.9 171.8 8.4
Average 6.1 17.7 270.8 7.4
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Table 6: Annual future changes (average minimum temperature (Tmin), average maximum temperature, total
precipitation, average solar radiation) during 2018-2030 (generated) by LARS-WG under A1B, A2 and B1 scenarios in

Ahar

L ool (ot iy ALl (g y95 il gl 9 (S5l £ 9020 L)1y 4250 dudion 9 A bwgio) (ool Jolge —F Jgur
1 oyl e 53 1F+A Jlo 6 LARS-WG Juto 31 solicins!

Average minimum

Average maximum

Total precipitation (mm) Average solar radiation

Year temperature (°C) temperature (°C) (MJm2 Day)
Bl A2 AlB Bl A2 AlB Bl A2 AlB Bl A2 AlB
1390 6.3 6.3 6.2 17.7 17.7 17.6 303.6 297.4 301.6 15.8 15.8 15.8
1391 6.4 6.4 6.4 18.0 18.0 17.9 328.1 326.1 326.8 155 155 155
1392 6.3 6.3 6.2 18.4 18.4 18.3 154.3 152.6 153.4 16.0 16.0 16.0
1393 6.1 6.1 6.1 175 175 17.4 270.2 266.6 267.7 16.1 16.1 16.1
1394 5.7 5.7 5.6 17.8 17.8 17.7 287.3 284.6 285.7 16.5 16.5 16.5
1395 6.3 6.3 6.2 18.0 18.0 18.0 287.3 282.1 285.2 15.6 15.6 15.6
1396 5.8 5.8 5.7 17.8 17.8 17.7 261.0 254.9 258.1 16.3 16.3 16.3
1397 6.1 6.1 6.0 17.9 17.9 17.8 340.3 338.2 341.3 16.2 16.2 16.2
1398 6.0 6.0 5.9 17.7 17.7 17.6 259.4 256.9 258.3 15.8 15.9 15.8
1399 6.0 6.0 5.9 17.9 17.9 17.8 320.5 319.5 322.2 16.0 16.0 16.0
1400 6.3 6.3 6.2 17.2 17.2 17.1 262.0 255.8 259.2 16.2 16.2 16.2
1401 5.8 5.8 5.7 17.4 17.4 17.3 293.8 291.9 293.8 15.8 15.8 15.8
1402 6.0 6.0 5.9 17.7 17.7 17.6 235.5 232.2 233.4 15.7 15.7 15.7
1403 5.8 5.8 5.7 17.3 17.3 17.2 333.6 327.8 330.1 155 155 154
1404 6.0 6.0 5.9 18.5 18.5 18.4 225.4 223.7 225.3 16.1 16.1 16.1
1405 6.0 6.0 5.9 175 175 175 302.7 297.0 300.1 16.1 16.1 16.1
1406 6.1 6.1 6.0 17.9 17.9 17.8 233.8 230.8 232.8 16.1 16.1 16.1
1407 5.9 5.9 5.8 17.6 17.6 175 320.7 315.9 316.9 15.2 15.2 15.2
1408 6.3 6.3 6.2 17.8 17.8 17.7 333.7 330.1 332.8 16.1 16.1 16.0
1409 6.1 6.1 6.0 17.2 17.2 17.1 323.6 321.2 324.0 15.9 15.9 15.8
Average 6.1 6.1 6.0 17.7 17.7 17.7 282.8 280.3 281.4 15.9 15.9 15.9
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Abstract

Considering the effect of climatic factors on Canola production in Ahar region, north west of Iran, a study was
conducted to prioritize climatic and environmental criteria including 21 effective sub-criteria involved in canola
production decrease. The required meteorlogical and agronomic data and information were collected directly or via
questionnaires prepared by local experts. The relative importance of each sub-criteria was determined by TOPSIS
method. The significat climate variables were downscaled by LARS-WG model under A1B, A2 and B1 scenarios.
The results showed that the inadequate water availability and air temperature variations were rankied as the first and
second most signficat contributors in canola yield reduction. The baseline period (2000-2017) mean annual rainfall
of Ahar region is 270.8 mm. The projected mean annual rainfall under A1B, A2 and B1 scenarios were 53.2, 50.4
and 52.8 mm, respectively. Selecting proper adaption measures for cope with these changes is recommended for
sustainable production of this crop in Ahar region.
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