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Table 1. Geographical coordinates of studied townships
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Figure 1. Boundary of agricultural lands in Ag-Qala, Kalale and Gonbad Kavous townships and their position in the
Golestan province and country and spatial distribution of meteorology stations
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Figure 2. Spatial distributions map of annual and autumn rainfalls with occurrence probability in 95% level in the
agricultural lands in Ag-Qala, Kalale and Gonbad Kavous townships
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Table 1. The results of interpolation methods for production of occurrence probability maps of annual rainfall and
temperature in studied region.

. S S Fld el wls rsSan ol (25 055
o Method o ) ] . ] T
Kriging Radial basis functions Inverse distance weighting
o
o5 e Sl
e b 835 s 5 e S e YOS YO Yol
Variable l;/lodel Spherical ~Exponential Gaussian Mutiquadric  |nverse Thin  Powerl Power2 Power3
ower . .
Statistics mutiquadric plate
spline
MAE 16.54 14.88 18.07 20.16 20.61 23.17 21.25 22.31 24.57
Vo 5L MBE 5.42 3.95 3.71 5.44 5.91 8.62 6.58 7.66 8.49
Annual RMSE 43.71 38.26 46.33 52.83 54.63 61.44 41.17 39.12 38.64
precipitation syl
) 5 1 6 7 8 9 4 3 2
rank
MAE 18.92 20.21 19.11 18.04 23.54 20.52 26.31 23.05 21.74
o5mb 3L MBE 2.07 2.16 2.25 1.66 191 2.78 3.30 3.78 4.01
Autumn RMSE 26.08 27.44 26.41 26.02 30.85 32.78 42.29 29.96 28.17
precipitatio syl
) 2 4 3 1 7 8 9 6 5
rank
MAE 15.05 15.40 13.79 17.31 14.30 18.76 18.33 12.32 11.62
e i MBE 3.48 4.13 3.55 2.28 2.27 1.75 2.63 5.05 6.32
)Spr::; ' RMSE 35.33 35.82 37.08 35.56 37.76 44.81 39.86 36.60 36.27
precipitation <54/ 1 3 6 5 - 9 8 5 4
rank
MAE 11.24 11.60 9.40 8.65 941 11.26 10.32 13.50 14.06
s s
TRV MBE -0.33 -0.54 -0.22 1.44 0.63 284 127 231 2.82
bL°
M RMSE 26.13 26.65 26.71 3.77 26.75 40.51 26.63 27.64 29.28
ay :
precipitation <+~ 1 3 4 8 5 9 2 6 7
rank
o s gles MAE 0.56 0.31 0.34 0.32 0.46 0.74 0.26 0.38 0.43
sl MBE 0.02 0.13 0.12 0.16 0.08 0.13 0.01 0.08 0.18
Optimum RMSE 2.10 2.28 3.18 2.34 2.43 3.06 2.05 2.12 2.23
temperature
of ) 2 5 9 6 7 8 1 3 4
germination rank
o s gles MAE 0.53 0.68 0.64 0.21 0.51 0.63 1.18 0.96 0.91
s MBE 0.04 0.10 0.13 -0.08 0.03 -0.04 019 024 025
Optimum RMSE 1.34 1.74 1.80 1.94 1.70 2.25 1.80 1.84 1.68
temperature
in heading i 1 4 5 8 3 9 6 7 2
stage rank
o s gles MAE 0.24 0.34 0.25 0.56 0.21 0.64 0.35 0.43 0.48
als 0, MBE 0.13 0.09 0.12 0.08 0.03 0.12 0.18 0.24 0.26
optimum  RMSE 163 1.61 2.01 1.70 1.54 162 156 160  1.68
temperature
in grain ) 6 4 9 8 1 5 2 3 7
filling stage  rank
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Table 2. Classification of climatic requirements for rainfed wheat and barley.

PIRPE S1) smis s (S2) auc (S3) tates 4o (NS) a1
. High suitable . Semi-suitable  Non-suitable
Variables Crop (s1) Suitable (S2) (S3) (NS)
x5
o) 3L 304 Ol ¢ 400< 300-400 200-300 <200
Wheat
Annual rainfall (mm) - >300 200-300 150-200 <150
Barley
x5
(aide) o3l 0k Ol f >100 80-100 60-80 <60
wheat
Autumn rainfall (mm) - >100 80-100 60-80 <60
Barley
x5
(raha) ool AL Olse { 118< 110-118 80-110 40-80
Wheat
Spring rainfall (mm) - 100< 80-100 60-80 40-60
Barley
x5
Groghe) ols Zilgn sl (3L Ol ¢ 50< 35-50 20-35 <20
Wheat
May rainfall (mm) - 40< 30-40 20-30 <20
Barley
_ x5
(1S Bl ar3) sl pllo s f 8-14 14-18,5-8 0-5 0
Wheat
optimum temperature of P ) ) ) )
germination (°C) Barley 8-14 14-18, 4-8 0-4 0
_ x5
(18 b o 3) msaliw sl glos f 20-25 15-25,25-27 27-30 >30
Wheat
Qpﬂm‘(‘;” temperature = 20-25 15-25, 25-30 30-33 >33
in heading stage (°C) Barley
_ x5
(IS laazr 53) alls 04 53 ollas glos ¢ 25-30 30-33 33-35 >35
Wheat
optimum temperature » ) R B
in grain filling stage (°C) Barley 25-30 30-35 35-37 >3

References: Bahagat et al., (2009), Ehteramian et al (2007), Eyni et al., (2012), Feyzizadeh et al., (2012), Kazemi et
al., (2015), Kamali, et al., (1998), Khodabandeh (1996) and Sys et al., (1991)
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Figure 3. Spatial distributions map of May and spring rainfalls with occurrence probability in 95% level in the
agricultural lands in Ag-Qala, Kalale and Gonbad Kavous townships
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Figure 4. Spatial distributions map of optimum temperature of germination, grain filling and heading stages with
occurrence probability in 95% level in the agricultural lands in Ag-Qala, Kalale and Gonbad Kavous townships.
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