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Introduction

The yield of rainfed crops depends on climatic parameters, plant genetic characteristics, soil type
and agricultural operations (Hosaini et al., 2007). Among these factors, climatic variables have a
stochastic nature. Therefore, it is important to investigate the effect of the mentioned parameters on
the variability of the crop plants yield.

The correct identification of the climatic conditions will help farmers to timely sow and supply
plant requirement during the growing season (Azizi and Yarahmadi, 2003). Also, predicting the yield
of strategic plants (such as wheat) will be possible via identify and quantify the effects of the
important climatic variables on crop production in each region (Bazgeer and Kamali, 2008).

Kurdistan is one of the most important rainfed agricultural regions in Iran. Bijar, with a
production about 123,000 tons of rainfed wheat per year, is one of the most important regions to
product rainfed wheat in Kurdistan. The maximum and minimum yield of rainfed wheat in Bijar
during a 25-year period has been between 1380 and 213 (kg/ha), respectively (Anonymous, 2015).
This large range of yield changes has had a significant impact on the region's economy. The present
research was carried out with the aim of identifying important climatic factors in Bijar region and
developing a model for estimating rainfed wheat yield based on these factors. The results of this
research can be useful in developing quantitative and qualitative agricultural products and sustainable
use of resources.

Methodology

Because of existing different effect of climatic variables on each stage of plant growth, wheat
growth season (from the sowing (October 8th) to the harvest (July 11th)) was divided into six
phonological stages. These stages include the sowing to three leaves unfolded (from October 8th to
November 7th), the first stage of vegetative growth (from November 8th to December 12th),
dormancy stage (from December 13th to March 15th), the second stage of vegetative growth after
dormancy (from March 16th to May 10th), reproductive stage (from May 11th to June 9th) and full
maturity (from June 10 th to July 10). The beginning and end of the stages are for Sardari variety,
which has the highest area under cultivation in rainfed farms in Kurdistan province. These stages are
determined by investigating the references, existing documents and the proposal of the Jihad-e-
Agriculture Organization of Kurdistan province (Bazgeer and Kamali, 2008; Bazgeer et al., 2008).
The above stages are the mean duration of each growth stage in the region.
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In order to achieve the research objectives, the climate variables related to the first five growth
stages were used to develop the predictive model of rainfed wheat yield. Variables included
precipitation (P), relative humidity (H), maximum and minimum temperature (MinT and MaxT),
sunshine (S) and wind speed (W) with the 25-year period (from 1987-1988 to 2011-2012). Daily
meteorological data of Bijar synoptic station located in the study area were used. Also, the wheat
yield data were obtained from the Jihad-e-Agriculture Organization of Kurdistan.

Due to the large number of climatic variables, principal components analysis was employed to
identify main factors. Model was developed to estimate the yield of rainfed wheat using multivariate
regression and main factors identified.

Results and Discussion

The results showed that 85 percent of the total variance of 30 climatic variables related to the five
stages of rainfed wheat growth period in Bijar region can be explained by eight components.
Calculation results of initial and rotational eigenvalues extracted from the correlation matrix and their
percentage of the total variance was presented in Table (1). Eigenvalues was used to calculate the
factor load. Factor loading matrix results was presented in Table (2). In this table, the numbers
written in parentheses after climatic variable indicate the growth stage number. Based on Table (2)
and phonological stages of rainfed wheat, factors were named. The factors included the effect of
humidity, precipitation, sunshine, and temperature in the first stage of vegetative growth (F,), the
effect of humidity, precipitation, sunshine, and temperature in the second stage of vegetative growth
(F>), the effect of humidity, precipitation, sunshine, and maximum temperature in the stage of sowing
to three leaves unfolded (Fs3), The effect of precipitation, humidity, sunshine, and the maximum
temperature in reproductive stage (F4), the effect of temperature in dormancy stage (Fs), wind effect
during growth (Fg), the effects of sunshine, precipitation, and humidity in dormancy stage (F;), and
the effect of the minimum temperature in the stage of sowing to three leaves unfolded.

At this step, using the multivariate regression, the effect of eight factors (F; to Fg) as independent
variables on rainfed wheat yield (YY) as a dependent variable, was evaluated and a linear model was
developed. The model for estimating the rainfed wheat yield on the basis of identified factors was
obtained as Equation (1).

Y = —0.427F; — 0.164F, — 0.155F; — 0.508F, +0.479F5 — 0.167F¢ + 0.154F, + 0.272Fg (1)

The significant relationship between observed (Actual) and estimated wheat yield using the
model is shown in Figure (1). Multivariate regression analysis showed that 84.6 percent of the
rainfed wheat yield variations can be explained and modeled by these eight factors (R=0.92). The
percentages of model error in estimating rainfed wheat yield for 2012, 2013 and 2014 years were
obtained 11, 9.68 and 15.8 percent, respectively.

Table 1- Initial and rotational eigenvalues extracted from the correlation matrix and their
percentage of the total variance

Component Initial Percentage Cumulative Rotation Percentage =~ Cumulative

eigenvalues  of variance (%) eigenvalues  of variance (%)
1 6.781 22.60 22.60 3.817 12.72 12.72
2 4.894 16.31 38.91 3.694 12.31 25.03
3 4.402 14.67 53.58 3.594 11.98 37.01
4 3.017 10.06 63.64 3.419 11.40 48.41
5 2.178 7.259 70.90 2.983 9.943 58.35
6 1.538 5.127 76.03 2.879 9.597 67.95
7 1.454 4.848 80.88 2.203 7.343 75.29
8 1.243 4.145 85.02 2.168 7.225 82.52
9 0.927 3.091 88.11 1.678 5.594 88.11
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Table 2- Rotated factor loading matrix

Climatic variables

(Growth stage number) E F Fs Fa Fs F Fr Fa
P(1) -0.059 -0.103 -0.864 0.055 0.078 0.057 0.151 -0.306
P(2) -0.619  0.198 0.087 -0.177 0.092 -0.450 0.000 -0.083
P(3) 0.207 0.054 -0.130 0.155 -0.166 -0.345 0.701 -0.373
P(4) -0.175 -0.577 -0.033 -0.414 0.382 0.055 0.226  -0.016
P(5) -0.195 -0.098 0.043 -0.895 0.055 -0.141 0.043 -0.169

MinT(1) -0.064  0.070 0.194 -0.124 -0.030 -0.003 -0.147 0.927
MinT(2) 0.657 0.194  0.358 0.210 0.139 -0.080 0.057 -0.022
MinT(3) -0.140 0.031 0.116 0.037 0.947 0.007 -0.162 -0.009
MinT(4) 0.062 0.683 0.091 0.260 0.186 -0.160 -0.044 0.279
MinT(5) 0.174 0.252 0.074 0.407 0.188 0.241  -0.037 -0.095
MaxT (1) 0.145 0.183 0.730 -0.145 0.080 -0.159 -0.062 0.557
MaxT(2) 0.912 0.095 0.229 0.071 -0.003 -0.023 0.101 -0.021
MaxT(3) -0.101  0.055 0.083 0.096 0.933 0.040 -0.238 0.015
MaxT (4) 0.105 0.823 0.121 0.310 0.138 -0.059 0.124 0.143
MaxT(5) 0.127 0.439 -0.051 0.654 0.276 0.184 0.001 -0.004
H(1) -0.073 -0.108 -0.943 -0.140 -0.105 0.077 0.021 0.071
H(2) -0.905 -0.001 -0.157 -0.034 0.152 -0.020 -0.152 0.163
H(3) 0.034 0.012 -0.123 -0.238 -0.625 0.030 0.675 0.049
H(4) 0.002 -0.895 -0.176 -0.198 0.211 0.075 0.115 0.104
H(5) -0.124 -0.300 -0.088 -0.805 -0.041 -0.137 -0.007 0.385
S(2) 0.242 0.112 0.923 -0.013 0.161 -0.012 -0.032 -0.086
S(2) 0.875 -0.010 0.017 -0.024 -0.172 0.069 0.110 0.062
S(3) -0.177  0.132 0.109 0.078 0.218 0.034 -0.871 0.019
S(4) -0.096 0.838 0.134 0.060 0.116 0.216 0.017 -0.050
S(5) -0.128  0.255 0.007 0.732 0.155 0.114 -0.001 -0.234
W(1) -0.015 -0.023 0.059 0.306 -0.152 0.834 0.133 0.234
W(2) 0.335 0.104 0.080 0.285 -0.320 0.055 0.401 -0.177
W(3) -0.076 -0.185 -0.244 0.177 0.304 0.748 -0.177 -0.041
W(4) 0.170 0.195 -0.177 -0.017 -0.000 0.844 -0.135 -0.226
W(5) 0.264  0.157 0.263 0.134 -0.068 0555 -0.029 -0.470
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Fig. 1- The significant relationship between observed (Actual) and estimated wheat yield using
the model
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Conclusions

Rainfed wheat production in Bijar region has a high correlation with the weather conditions of
each year. This subject has been confirmed in many other areas. Based on the high correlation
between rainfed wheat yield and climate variables, researchers have presented appropriate models for
predicting this plant yield. The model developed in this study also had a good ability to predict the
yield of rainfed wheat in the Bijar region. The results showed that among others, factor related to
climatic variables at reproductive stage of rainfed wheat had the most important role in crop
production in Bijar district.
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Table 1- Statistical properties of climate variables in different growth stages of rainfed wheat for the 25-
year period (1987-1988 to 2011-2012)

Climate Variable (Variable sign) (Unit)

Minimum Maximum Relative Wind

Growth stage Descriptive Precipitation temperature  temperature  humidity Sunshine speed (W)
(number) statistics (P) (mm)  (MinT) (°C) (MaxT) (°C) (H) (%) (S) (hr) (m/s)
Sowing to three Mean 36.0 6.27 17.2 44.9 7.42 2.96
leaves unfolded  Std. deviation 335 1.21 1.81 8.99 1.16 0.81
(1) Skewness 1.02 -0.35 -1.01 0.70 -0.37 -0.01
The first stage of Mean 42.4 0.01 8.10 59.9 5.88 2.73
vegetative Std. deviation 26.6 1.66 245 10.4 1.12 0.78
growth (2) Skewness 0.18 0.19 0.93 -0.97 0.46 0.59
Dormancy stage Mean 109 -4.82 2.69 67.3 5.82 3.10
3) Std. deviation 48.4 2.52 2.74 6.59 0.68 0.73
Skewness 0.18 -0.10 0.03 -0.15 -0.11 0.86
The second stage Mean 110 4.25 147 48.4 7.71 4.20
of vegetative Std. deviation 43.3 1.38 1.86 7.53 0.73 0.84
growth (4) Skewness -0.11 0.12 -0.19 -0.78 0.12 0.60
Reproductive Mean 19.4 10.7 23.7 35.4 10.4 3.50
stage (5) Std. deviation 20.5 1.06 1.76 8.90 0.97 0.77
Skewness 1.01 -0.37 -0.78 0.49 0.37 -0.08
Mean 4.48 14.5 29.7 28.9 11.8 3.04
Maturity (6) Std. deviation 8.31 1.27 1.55 4.74 0.81 0.68
Skewness -1.00 -0.43 -0.13 -0.23 -0.61 0.49
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Table 2- Initial and rotational eigenvalues extracted from the correlation matrix and their percentage of
the total variance

c Initial Percentage of  Cumulative Rotation Percentage of  Cumulative
omponent . . . .
eigenvalues variance (%) eigenvalues variance (%)
1 6.781 22.60 22.60 3.817 12.72 12.72
2 4.894 16.31 38.91 3.694 12.31 25.03
3 4.402 14.67 53.58 3.594 11.98 37.01
4 3.017 10.06 63.64 3.419 11.40 48.41
5 2.178 7.259 70.90 2.983 9.943 58.35
6 1.538 5.127 76.03 2.879 9.597 67.95
7 1.454 4.848 80.88 2.203 7.343 75.29
8 1.243 4.145 85.02 2.168 7.225 82.52
9 0.927 3.091 88.11 1.678 5.594 88.11
10 0.819 2.731 90.84
11 0.747 2.490 93.33
12 0.584 1.946 95.28
13 0.339 1.131 96.41
14 0.291 0.971 97.38
15 0.267 0.891 98.27
16 0.161 0.538 98.81
17 0.113 0.378 99.19
18 0.105 0.348 99.53
19 0.051 0.169 99.70
20 0.038 0.125 99.83
21 0.019 0.065 99.89
22 0.015 0.051 99.94
23 0.009 0.031 99.98
24 0.006 0.020 100.00
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Table 3- Rotated factor loading matrix

Climatic variables

(Growth stage number) F1 R E Fa Fs Fo Fr Fa
P(1) -0.059 -0.103 -0.864  0.055 0.078 0.057 0.151 -0.306
P(2) -0.619 0.198 0.087 -0.177 0.092 -0450 0.000 -0.083
P(3) 0.207 0.054 -0.130 0.155 -0.166 -0.345 0.701 -0.373
P(4) -0.175 -0.577 -0.033 -0.414 0.382 0.055 0.226 -0.016
P(5) -0.195 -0.098 0.043 -0.895 0.055 -0.141 0.043 -0.169
MinT(1) -0.064 0.070 0.194 -0.124 -0.030 -0.003 -0.147 0.927
MinT(2) 0.657 0.194 0.358 0.210 0.139 -0.080 0.057 -0.022
MinT(3) -0.140 0.031 0.116 0.037 0.947 0.007 -0.162 -0.009
MinT(4) 0.062 0.683 0.091 0.260 0.186 -0.160 -0.044 0.279
MinT(5) 0.174 0.252 0.074 0.407 0.188 0.241 -0.037 -0.095
MaxT (1) 0.145 0.183 0.730 -0.145 0.080 -0.159 -0.062  0.557
MaxT(2) 0.912 0.095 0.229 0.071 -0.003 -0.023 0.101 -0.021
MaxT(3) -0.101 0.055 0.083 0.096 0.933 0.040 -0.238 0.015
MaxT (4) 0.105 0.823 0.121 0.310 0.138 -0.059 0.124 0.143
MaxT(5) 0.127 0.439 -0.051 0.654 0.276 0.184 0.001 -0.004
H(1) -0.073 -0.108 -0.943 -0.140 -0.105 0.077 0.021 0.071
H(2) -0.905 -0.001 -0.157 -0.034 0.152 -0.020 -0.152 0.163
H(3) 0.034 0.012 -0.123 -0.238 -0.625 0.030 0.675 0.049
H(4) 0.002 -0.895 -0.176 -0.198 0.211 0.075 0.115 0.104
H(5) -0.124 -0.300 -0.088 -0.805 -0.041 -0.137 -0.007 0.385
S(1) 0.242 0.112 0.923 -0.013 0.161 -0.012 -0.032 -0.086
S(2) 0.875 -0.010 0.017 -0.024 -0.172 0.069 0.110 0.062
S(3) -0.177 0.132 0.109 0.078 0.218 0.034 -0.871 0.019
S(4) -0.096 0.838 0.134 0.060 0.116 0.216 0.017 -0.050
S(5) -0.128 0.255 0.007 0.732 0.155 0.114 -0.001 -0.234
W(1) -0.015 -0.023 0.059 0.306 -0.152 0.834 0.133 0.234
W(2) 0.335 0.104 0.080 0.285 -0.320 0.055 0.401 -0.177
W(3) -0.076 -0.185 -0.244  0.177 0.304 0.748 -0.177 -0.041
W(4) 0.170 0.195 -0.177 -0.017 -0.000 0.844 -0.135 -0.226
W(5) 0.264 0.157 0.263 0.134 -0.068 0.555 -0.029 -0.470
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Table 4- Naming factors

Climate variable with a

Climate variable with a

Factor positive coefficient negative coefficient
- . Factor name
Relatively Relatively
Large Large
large large
MaxT, and The effect of humidity, precipitation,
Fi 82 MinT, H, P, sunshine, and temperature in the first stage of
2 vegetative growth
s, and The effect of humidity, precipitation,
F, 4 MinT, H, P, sunshine, and temperature in the second stage
MaXT4 .
of vegetative growth
H. and The effect of humidity, precipitation,
Fs S MaxT; ! sunshine, and maximum temperature in the
Py ;
stage of sowing to three leaves unfolded
S5 and P, and The effect of pre0|p|tapon, humidity, _
F, sunshine, and the maximum temperature in
MaxTs Hs .
reproductive stage
Fs MinT; and The effect of temperature in dormancy stage
MaxT 5
Fe W,andW; W;and W;s Wind effect during growth
The effects of sunshine, precipitation, and
Fr Psand Hs Ss humidity in dormancy stage
. The effect of the minimum temperature in the
Fg MinT,

stage of sowing to three leaves unfolded
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Table 5- The statistical results of the developed regression model based on rainfed wheat yield and
effective climatic factors on its growth stages for Bijar county

Model R R Adjusted R Std. error of Durbin-Watson Kolmogorov—Smirnov Critical values
square  squared the estimate statistic (d) statistic (D) of D (Dooy

Regression 0.920 0.846 0.769 0.48045 1.955 0.108 0.29516
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Table 6- Variance analysis results of the developed regression model based on rainfed wheat yield and
effective four climatic factors on its growth stages for Bijar county

Degrees of .
Model Sum of squares freedom (df) Mean square F Sig.
Regression 17.845 4 4.461 14.500 0.000
Residual 6.1530 20 0.308

Total 23.998 24
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Fig. 2- The significant relationship between observed (Actual) and estimated wheat yield using the model
Jho 3 ookl b ouds 39T ¢ 9 ((819) o cudlive P & ot (yw 318 o dly —F ICh

5 429 (Ghol allye) Jolo cuin cpl b glgiee 1) Slme
oysiediz (ge)S) oS wizen (REC/AY) 90 (siluJse
e Glyedr (Lol Jole ez o ylddne sl abaly o2imd L
VEIY oS5 psbots 92 023 pS 5 Slae (i diinly e § Jita
5 4 Jols oz oul b lyicos ) a5 5)Skes @it 1 2o
Jole 35 Jele oz ool olee 5 AR=IASY) 3505 (sl Jus
o2 A5 otily 43y abye alen g Ol (lajite 4 by
Dged Wl Jben adhle Jyeae Mg 0 | S oppiie
Sy (Sieded gdlsyo opyiae 5 (2011) Farajzadeh et al.
il e ) jlmn Glopd 3w puS 3 Sles i
ilodges B yme
ob i bpiagy ple @i b Glagh ool @bt awlis
5l lojito & s s 5 o dojo b S0 olSy0
ol b ilie bl 5 olus Usle cpl oyl len
Hosaini <Talliee and Bahramy, 2003) cul sas )13
‘Bazgeer and Kamali, 2008 «t al., 2007
&b 5l (Ceglar et al., 2016 Sabziparvar et al., 2013
2 cwle @S mreal (Gl (£l)j olS sl Jolye cnl colis
pml culpl b walp Bged (o)) Clles plxl
oS JedlpSe 3> calid lp ladate saiagy

S 5 dmi

2l g ol Glayito Uy Gun b gk ol
Pl pliws,S il 53 @Bly jlomn g )3 o pAS 5 Slas
G 8 laJele s (sl ol 4l 4w by 5
b s e gl 5l plaS jo 1 lie 5 ) B0 2 Lol
oy (ol gladele Sl opitosia g5y gy 5l e3lisl
JHe 5 ponp m pS 3 Shes (imy dily puite r Jis yuiie
Ol 25 28 Olgice 1y orelcwnd pre ol A cpgl Jas
g0l
Gl jd dlus cpl 3yl Jlo 2 0 olen o ol byl &Y
Ol ool ol 0ads Al oyl Z )b g S5 b sbls 1 Ko
wlor g ol layite b o puS 3 Sles (Y (Stuen
all Jpame ool Gogte slp lie bl ol Kingh
Bazgeer and Kamali, 2008 <Bal et al., 2004) wlog0s
Farajzadeh et <«Qian et al., 2009 Esfandiary et al., 2009
(al., 2011

oobsly 5l aoyd AD (g5 o adlie ki b ol LS o fuloo
P23 PS5 0y93 dl po iy 4y bogipe alom 5 Ol e ¥ S
paS 3 Slas Clyuss | Juopd AF/F 3905 dn s | jloey dilate jo



Vo

DOI: 10.22055/jise.2017.22306.1598 e G3S  alen 5 OT (gla e 1 gy O, 5 add
9 pieS oo dlax a5 15 olayimgd ) gy e edlitul My dlize Jolpe 0 olgn g O laysie 4 cuns el
Talliee and ) 5y oS imgh ol & Cams liaygly cdd Ak e 9 po

Bazgeer and Kamali, 2008 ¢Bahramy, 2003 Mass (g o5 55 oimgly ol b gl ool (owlul Cglis
Esfandiary et al., 2009 Ghorbani et al., 2008 ol 13 232 03302535 Jao 900 8> 5 454 slo e
(Farajzadeh et al., 2011 9 & slooadld 5 e (5t i Jload gy slaiogh

10-

11-

12-

L)“‘h’5)) O"I omcﬁ}ﬁ JAA Cdd > 5 J_\A BTy le)g dl}h

References
Anonymous, 2015. Crops census project. Jihad-e-Agriculture Organization of Kurdistan province. (In
Persian).

Azizi, G. and Safarkhani, E., 2002. Drought evaluation and its effect on dryland wheat yield in llam
province with an emphasis on recent droughts. Journal of Modares, 6(2), pp. 61-76. (In Persian).

Azizi, G. and Yarahmadi, D., 2003. Investigation of relationship between climatic parameters and wheat
yield using regression model (case study: Silakhor plain). Geographic Research, (44), pp. 23-29. (In
Persian).

Bal, S., Mukherjee, J., Mallick, K. and Hundal, S.S., 2004. Wheat yield forecasting models for Ludhiana
district of Punjab state. Journal of Agrometeorology, 6, pp. 161-165.

Bazgeer, S., 2005. Land use change analysis in the sub mountainous region of Punjab using remote
sensing, GIS and agrometeorological parameters. Ph.D. Dissertation. Punjab Agricultural University
(PAU), Ludhiana, India, 128p.

Bazgeer, S. and Kamali, G.A., 2008. Wheat yield prediction using agro meteorological indices for some
regions of the Western of the country. Journal of Agricultural Sciences and Natural Resources, 15(2), pp.
113-121. (In Persian).

Bazgeer, S., Kamali, G., Sedaghatkerdar, A. and Moradi, A., 2008. Pre-harvest wheat yield prediction
using agrometeorological indices for different regions of Kurdistan province, Iran. Research Journal of
Environmental Sciences, 2(4), pp. 275-280.

Ceglar, A., Toreti, A., Lecerf, R., Van der Velde, M., Dentener, F., 2016. Impact of meteorological drivers
on regional inter-annual crop yield variability in France. Agricultural and Forest Meteorology, 216, pp.
58-67.

Esfandiary, F., Aghaie, G. and Dolati Mehr, A., 2009. Wheat yield prediction through agrometeorological
indices for Ardebil district. World Academy of Science, Engineering and Technology, 49, pp. 32-35.

Faghih, H., 2015. Investigating the effect of rainfall changes on rainfed wheat performance in Saqgez
county. In 1" International Congress of Healthy Agriculture, Healthy Nutrition and Sane Society,
Agricultural Research, Education And Extention Organization (AREEOQ), Tehran, Iran. (In Persian).

Faghih, H. and Rezaie, H., 2016. Resource Management by Modeling Climate Change. In 2" International
Conference in New Research on Civil, Architectural and Urban management, Amirkabir University of
Technology, Tehran, Iran. (In Persian).

Farajzadeh, M., Khoorani, A., Bazgeer, S. and Zeaeian, P., 2011. Modeling and predicting of rainfed wheat
yield in attention to phenological phases of plant growth (a case study for Kurdistan province). Physical
Geography Research, 43(76), pp. 21-34. (In Persian).



A

WO-IBY Lo AFAA Jlo Y o,lead FY 655 ST kige 5 ok

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

Farshadfar, E., 2005. Multivariate principles and procedures of statistics. Tag-e Bostan. (In Persian).

Ghorbani, K., Khalili, A. and Iran Nejad, P., 2008. Regional estimation of rainfed wheat yield based on
precipitation data. Journal of Agricultural Research, 8(1), pp. 89-101. (In Persian).

Hosaini, M.T., Siosemarde, A., Fathi, P. and Siosemarde, M., 2007. Application of artificial neural
network (ANN) and multiple regression for estimating assessing the performance of dry farming wheat
yield in Ghorveh region, Kurdistan province. Journal of Agricultural Research, 7(1), pp. 41-54. (In
Persian).

Karamouz, M. and Araghinejad, S., 2005. Advanced hydrology. Tehran Polytechnic. (In Persian).

Lee, B., Kenkel, P. and Wade Brorsen, B., 2013. Pre-harvest forecasting of county wheat yield and wheat
quality using weather information. Agricultural and Forest Meteorology, 168, pp. 26-35.

Mahdavi, M., 1998. Applied hydrology. Tehran University. (In Persian).
Momeni, M. and Ghayoumi, A.F., 2015. Statistical analysis with SPSS. New book. (In Persian).

Nassiri, M., Koochechi, A., Kamali, G. and Shahandeh, H., 2006. Potential impact of climate change on
rainfed wheat production in Iran. Archives of Agronomy and Soil Science, 52(0), pp. 1-12.

Patra, K.C., 2001. Hydrology and water resources engineering. New Delhi, Narosa Publishing House.

Qian, B., Jong, R., Warren, R., Chipanshi, A. and Hill, H., 2009. Statistical spring wheat yield forecasting
for the Canadian Prairie provinces. Agricultural and Forest Meteorology, 149, pp. 1022-1031.

Sabziparvar, A.A., Torkaman, M. and Maryanaji, Z., 2013. Investigating the effect of agroclimatic indices
and variables on optimum wheat performance (case study: Hamedan province). Journal of Water and Soil,
26(6), pp. 1554-1567. (In Persian).

Smith, R., Adams, J., Stephens, D. and Hick, P., 1995. Forecasting wheat yield in a Mediterranean-type
environment from the NOAA satellite. Australian Journal of Agriculture Research, 46(1), pp. 113-125.

Talliee, A.A. and Bahramy, N., 2003. The effects of rainfall and temperature on the yield of dryland wheat
in Kermanshah province. Journal of Soil and Water Science, 17(1), pp. 106-112. (In Persian).

Vashisth, A., Singh, R. and Choudary, M., 2014. Crop yield forecast at different growth stage of wheat
crop using statistical model under semi-arid region. Journal of Agroecology and Natural Resource
Management, 1(1), pp. 1-3.



	19-960
	20-960

