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Figure 1- Overview of the location of the stations and
study areas
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Table 1- Geographical, agronomic and climatic characteristics for each station
ol | p2 5l o8l g £l (2l Olakin-) Jus

. Established Longitude Latitude  Average yield Average Average
Station name year °E) °N) (Kg ha')) precipitation  temperature
(mm) Q)
Sagez (SAG) 1961 46.27 36.25 828 487 11.2
Sanandaj (SAN) 1959 47.00 35.33 812 450 13.6
Bijar (B1J) 1987 47.62 35.88 773 340 111
Zarrineh-obato (ZAR) 1989 46.92 36.07 810 395 7.9

Table 2- Seven selected CMIP5 models, experiments and ensemble members, used in this study
oals oolaw! Juo po slaeg,S g CMIPS bl Jowo cin -Y Jguo

Horizontal Resolution  Experiments and Ensemble

Model Name Research Centre (latitude x longitude) Members
i Centre National de Recherches hist. r[1-10]i1p1,RCP26 rlilp1l,
CNRM-CM5 Meteorologiques, France 1.401x1.406 RCP85r[1,2,4,6,10]i1pl
Commonwealth Scientific and Industrial
Research Organization/Queensland .
CSIRO-MK3-6-0 (pimate Change Centre of Excellence 1.865x1.875 r[1-10]i1p1
Australia
hist. r[1,2,6,7,8,9,12,13,14]i1p1,
EC-EARTH E“mp,jgt”heEﬁ;tnh d;{srz;“ng"c’de" 1.121x1.125 RCP26 r[8,12]ilpl , RCP85
r[1,2,6,8,9,11,12,13]i1p1
HadGEM2-ES Met Office Hadley Centre ,UK 1.25%1.875 r[1-4]ilpl
IPSL-CM5A-MR Institut Pierre Simon Laplace, Paris, 1.268x2.5 hist. r[1-3]ilpl, _RCP26 & RCP85
France rlilpl
Japan Agency for Marine-Earth Science
and Technology (JAMSTEC),
Atmosphere and Ocean Research hist. r[1-5]ilpl, RCP26 & RCP85
MIROCS Institute, The University of Tokyo, and 1.401x1.406 r[1-3]ilpl
National Institute for Environmental
Studies, Japan
MPI-ESM-LR Max Planck Institute for Meteorology, 1.865x1.875 r[1-3]ilpl

Germany
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Table 3- Correlation analysis of annual product yield with monthly climatic variables of precipitation, maximum
temperature and minimum temperature

J8las slos g yiSTas (slod o sb b o s o5 souldl lale gl puitio b Jgparmo ¥Lw 8 ,Shos Kumod Juloi -V Jgaz

Correlation Coefficient (r) for Precipitation (Pr) variables

Station I
Pr_Oct Pr_Nov  Pr_Dec Pr_Jan Pr_Feb  Pr_Mar Pr_Apr Pr_May Pr_Jun
SAG 0.4* 0.34 0.15 0.05 0.16 0.02 0.38 0.26 0.25
ZAR 0.34 0.38 0.26 0.11 0.24 0.15 0.5** 0.7** 0.22
BIJ 0.35 0.44* 0.12 -0.11 -0.09 0 0.37 0.46* 0.16
SAN 0.32 0.37 0.22 0.09 0.19 0.29 0.39 0.31 0.11
Correlation Coefficient (r) for Maximum temperature (Tmax) variables
Tmax_Oct Tmax_Nov Tmax_Dec Tmax_Jan Tmax_Feb Tmax_Mar Tmax_Apr Tmax_May Tmax_Jun
SAG 0.05 -0.63** -0.34 0.26 0.16 -0.06 -0.42* -0.21 -0.03
ZAR 0.02 -0.62** -0.29 0.36 0.19 -0.11 -0.57** -0.61** -0.02
BIJ 0.14 -0.55** -0.31 0.32 0.26 0.1 -0.33 -0.23 -0.01
SAN 0.08 -0.6** -0.17 0.27 0.23 0.08 -0.29 -0.13 0.11
Correlation Coefficient (r) for Minimum temperature (Tmin) variables
Tmin_Oct Tmin_Nov Tmin_Dec Tmin_Jan Tmin_Feb Tmin_Mar Tmin_Apr Tmin_May Tmin_Jun
SAG 0.29 0.17 -0.13 0.38 0.31 0.1 0.09 0.07 -0.22
ZAR 0.11 -0.27 -0.19 0.48" 0.34 0.07 -0.34 0.16 -0.38
BIJ 0.34 -0.36 -0.23 0.4" 0.36 0.12 -0.15 -0.21 -0.05
SAN 0.33 0.28 0.12 0.39 0.49 0.26 0.18 0.3 -0.12

Sl ooV g o]0 0 Jlim] mhaw )8 (g5l e oy Ay s

g %

Jolom 5 iSlas sles g baoks pls lp s o 40 jiSTole 5,b Jlade gy Pr_Oct i 5l jekaie -
* and ** significant at p’ 0.05 and p~ 0.01, respectively
1- The Pr_Oct variable means the amount of precipitation in October. So for the other months and the maximum and
minimum temperatures
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Figure 2- The results of iterative Chi-square y2- for, (a) - (d) the minimum temperature (Tmin °C), (e) - (h)
maximum temperature (Tmax °C) and (i) - (h) precipitation (Pr mm) at each station. The horizontal dashed lines
[- - -] in each graph indicates the minimum value for the y2 significant at 1% level (at least for two consecutive
weeks). The threshold values %2 are shown on each graph. Vertical dotted lines [] in each graph separator plant
phenology which involves stages, planting stage, germination and tillering stage, stem elongation and anthesis
stage and ripening stage which indicated by numbers 1, 2, 3 and 4 respectively in each graph. High yield years:
(b 3 b Low yield years: (b 0 b
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Figure 3- The relative changes in monthly precipitation (the ratio of the amount of precipitation in the future to the
base period), the absolute changes in the maximum monthly temperature (Tmax), and the absolute change in the
minimum monthly temperature (Tmin) for each station, under the RCP8.5 scenario and for the average seven selected
models in the period 2045-2065 relative to the base period
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Figure 4- The effect of monthly precipitation (Pr), maximum monthly temperature (Tmax) and minimum monthly
temperature (Tmin) changes on the yield of rainfed wheat at each station under the RCP8.5 scenario. Green, red and
gray colors indicate favorable, unfavorable and unchanging weather conditions to wheat production in the period
2045-2045 compared to the base period, respectively
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Abstract

Global warming has changed the pattern of temperature and precipitation distribution and will affect the
production of crops such as rainfed wheat. In current study, by using correlation analysis and Iterative Chi-
square analysis the wheat yield’s relationship with temperature and precipitation variables (in Sagez, Sanandaj,
Bijar, and Zarrine obato Stations) was determined, and used to project the crop yield under climate change
scenarios. The daily outputs of seven selected CMIP5 models under RCP8.5 scenario for the period 2045 to
2065 were used and corrected by Equidistant Cumulative Distribution Function matching (EDCDFm) method.
The results showed that precipitation at the time of planting and during the flowering stage, the maximum
temperature just before winter dormancy stage and during the flowering, the minimum temperature of January
and February months are the most significant factors affecting the crop yield. The projected climatic conditions
showed that the maximum temperature rise in November, December, April, and May will be unfavorable for
crop production. Increased both maximum and minimum temperatures of months of January and February may
provide more favorable conditions. Also, the projection of precipitation indicated that decreased rainfall of April
and May, would lead to unfavorable moisture conditions. Unlike, increased precipitation in November could
improve the moisture conditions at the time of sowing which favors greater yield.

Keywords: Biase correction, CMIP5 Models, EDCDFm, Scenario, Wheat
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