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Fig.1- Overview of the location of the stations and type of crop coverage in study areas
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Table 1- Climate models, experiments, ensemble members, used in this study

SuSE 031051
Jie ol Siwdse 55y Horizontal Jae slast g Loy,
Model Name Research Centre Resglutmn Experiments and Ensemble Members
(latitude x
longitude)

e litlys Sl o 50 hist. r[1-10]i1p1,RCP26 rlilpl, RCPE5
CNRM-CM5 Centre National de Recherches Meteorologiques, France 1.401x1.406 ) r[1p2‘4 6,10]i1p1 PL
Wl 32055368 3 lgm g O 45 38 p0 / @dliall S yitio inio g gole Slisios ylojlo e
Commonwealth Scientific and Industrial Research Organization/Queensland
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6- Reference Evapotranspiration

7 -Modified Hargreaves-Samani 4

8- Crop evapotranspiration under standard conditions

9 -Crop evapotranspiration under soil water stress
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1- General Circulation Model

2- Data Distribution Centre (DDC) http://www.ipcc
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Archive.html

3- Intergovernmental Panel on Climate Change (IPCC)
4 -Equidistant Cumulative Distribution Function
matching (EDCDFm)
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Table 2- Phenological parameters related to cultivars wheat and the method used to determine the date of occurrence of
phenological stages
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Tsum: is the temperature sum demand (°Cd) for the given phenological phase, Ty, is base temperature, T; is daily mean temperature,”+”
denotes that only positive contributions are considered; o is a photoperiodic response, A is day length (h).
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Table 4-The average time of occurrence of phenological stages, duration of growth and mean average temperature and
precipitation during the growing season for all stations under different scenarios

D1 (2045-2065) D2 (2080-2100)

solyb RCP2.6 RCP8.5 RCP2.6 RCP8.5
Parameter %) 8, W o) %) 18, 08 3%95 05, 0 o8y %) 8, o o8y
Early cultivar  Late cultivar  Early cultivar  Late cultivar Early cultivar Late cultivar  Early cultivar  Late cultivar
C"f:’ls obej 333+13 (13) 33313 (13) 334+12(15)  334+12(15)  333+13(14)  333+13(14) 33948 (110) 33948 (110)
Sowing(DOY)
o _}s olej 13849 (110) 15549 (]9)  138+8([10)  154+8(}10) 13949 (J10)  155#9(]9) 121+8(]27) 137#8(|27)
Anthesis (DOY)
) okej 159410 (J10) 188+11(}10) 158+9(|11) 187+11(J11) 160+10(|9) 188+11(|10) 1419 (]28) 168+10 (|30)
Maturity (DOY)
(day) sy 093 Jobo 167+21
Duration of 192422 (|13) 220423 (}14) 190425 ([15) 217425({17) 19122 (|13) 220423 (|14) (l3_3) 194+21(139)
growth
°C lwgie slod 8.7+2.2 10.7+2.2 10.5+2.1 10.742.2 12.62.2
8.6+2.1(10.9) 10.5+2 (10.9 8.5+2.1 (10.9
Mean temperature (10) 109 g1 (11.1) 109 109 (13) (13.1)
mm o5k gsexe 357118 367121 o1ig7 (1) 324102(15)  SOTI2L 704190154y SUELZ3 aagi937118
Precipitation (144) (148) 87 (1) £92(15) (148) +122 (154) 3) +137 (118)

Gl 0l 0)93 & G yral)ly 3llae 2alS b ol onimd (lis cui i a4 | T ceodle g pel)l gllae yu jlade sdimd ol jly 30 polie *

* The value in parentheses and the 1 | marks represent the amount of absolute change in each parameter and an increase or decrease
of each parameter compared to the baseline, respectively
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a) RCP2.6-D1-Ea. b) RCP8.5-D1-Ea.

¢) RCP2.6-D1-La. d) RCP8.5-D1-La.
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Fig.2- Average total crop evapotranspiration (ETc) during the growing season for baseline 1975-2005 (solid circles) and
projected climate of the seven GCM models (box plot) at each station. a, b, ¢, and d plots represent period D1 (2045-2065) for
RCP2.6 and RCP8.5 climate scenarios and early (Ea.) and late (La.) cultivars. In the same manner for e, f, g, and h plots but
for period D2 (2080-2100. Mean average total crop evapotranspiration (ETc) during the growing season of all stations in
baseline and projected climate is shown by continuous and discontinuous lines in each station, respectively
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a) RCP2.6-D1-Ea. b) RCP8.5-D1-Ea.

¢) RCP2.6-D1-La.

d) RCP8.5-D1-La.
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Fig.3- As described in Fig.2, but for average relative reduction in crop yield due to water stress (YD) in each growing season
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a) RCP2.6-D1-Ea. b) RCP8.5-D1-Ea.

¢) RCP2.6-D1-La. d) RCP8.5-D1-La.
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Fig.4- As described in Fig.2, but for average total effective solar radiation during the growing season

Pl b Jgamme 35 Slas p baolis) ] 1145 00l ezl
ol Lyl ys gl o5 5> s (Reyer et al., 2013) el ool
b o Lol amd Lis 1y (00, Shas (glayadls 3400 0]
B 3905 (g2 35 |y (soulBl Collasl (sloossy 589 Sy s
Ay e 4 ol el Ll LT oy 4 pasl> ey lg

Sl (133 pAS Jguamo

sl Jse 5l ookl cusl Sy Cpdize cpl Olalllas y> as]

sl paS 3y Sloe  ldl o5 BT b)) 5 (elim LS
3 Feels b9y diejls wall s Cgllasl ISl byl a8 b
e 48,5 S elim LS slaJre 13 Ysane & cudl
sleolisy ol sl eljm (2l slaJae ool el > o aoslis
aS JLs > (Rotter et al., 2011) 34-5 o5 blod oslsl pusg
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Table 5- The average probability of the occurrence of the extreme events for all GCM models under different scenarios

D1(2045-2065)

D2 (2080-2100)

el ol RCP2.6 RCP8.5 RCP2.6 RCP8.5
Index name o9 5 BIPLYSS 3395 88; BT EES)) 3395 15 IY L)) %9585 a3 05
Early cultivar  Late cultivar _ Earlycultivar _ Late cultivar _ Early cultivar _ Late cultivar _ Early cultivar __ Late cultivar

10.185)" 0.891 (1 0.108) 0.418 (1 0.16)
10.038) 0.794
10.049) 0.382
10.161) 0.1
10.015) 0.501
10.055) 0.187
10.009) 0.351
10.038) 0.062

AH.S 0.443
G.F.H 0.048
F.R 0.377
A.CS 0.218
D.AM 0.027
L.F.R 0.183
D.S.M 0.014
B.HH 0.064

10.17)  0.252
10.237) 0.036
10.059) 0.152
10.261) 0.021

G.F.N.H 0(0) 0.029 (1 0.023) 0.002
A.CH 0.012 (1 0.008) 0.003 (1 0.003) 0.016

L.0.G 0.005 (1 0.005) 0.004 (1 0.004) 0.005 (1 0.005) 0.004
D.SA 0(0) 0.013 (1 0.003) 0(0)

E.X.W 0.003(10.003) 0.003

0.8 (10.018)
10.174)  0.05(10.039) 0.729(10.109) 0.053 (10.043) 0.794
10.044) 0.337 (] 0.089) 0.341(]0.085) 0.397 (| 0.029) 0.404
(10.195) 0.252(10.212) 0.256 (1 0.199) 0.247
(10.007) 0.377(}0.361) 0.046 (10.003) 0515
(10.023) 0.152(10.024) 0.18(10.052) 0.181
(10.016) 0.244 (] 0369) 0.027 (
10.037) 0.047 (10.021) 0.045 (1 0.02) 0.074 (1 0.049) 0.071
(10.002) 0.113(10.108) 0 (0) 0.032
(10.013) 0.005(10.005) 0.017 (10.014) 0.003
( 10.004) 0.005 (10.005) 0.005
0.012 (1 0.002) 0 (0) 0.019
10.003) 0.001 (10.001) 0.001(10.001) 0.002 (10.002) 0.002

0.427 (10.169) 0.899 (10.116) 0.634
10.174) 0.086

10376) 0.966 (1 0.184)
10.076) 0.936 (1 0.317)
10.022) 0.258 (] 0.168) 0.258 (| 0.168)
10.208) 0.315(10.258)  0.31(10.27)
10.223)  0.02(]0.023)  0.138 (] 0.6)
10.053) 0.225(10.097) 0.225 (1 0.097)
10.245)  0.002 (| 0.003) 0.085 (| 0.527)
10.046) 0.051(10.025) 0.048 (1 0.023)
10.026) 0(0) 0.103 (1 0.097)
10.003) 0.051(10.047) 0.01 (1 0.009)
10.005) 0.014 (10.014) 0.015 (1 0.015)
10.009) 0(0) 0.001 (| 0.009)
10.002) 0 (0) 0 (0)

10.022) 0.368

Conl 4l 0)9d 4 s a3l e (EalS L (a5l sxmd LS i 4 | T ceMe g (et ls sllae poss e odmd oL sl J3b ol *
* The value in parentheses and the 1 | marks represent the amount of absolute change in the index and an increase or decrease of
each index compared to the baseline, respectively

Jleisl 39, 0 HUas] gy L ST )5 (noboy Li5 JalS S )3 g

Jyame 15, 0)90 (o 3,85 9 i (EalS g ()L Rl L



611

i Jguazto Wiy )93 (b 2lsp g T allasl solas ) £98g Slgl i 1 ey 1 a2

and #, =2 °C 5l jzaS lales aS) Jlais g onis pled oliuse
sbed g lwgie (sled (iali8l of yde s 3 )5 2529 ot
o3 Csllasls oayy 98y Jlotal 4l 0)90 4 s Jolo
8 Jsie) dle (I8l (LFR) glazsy

S s g |y adlate JS 85 (g)lad o iy IS 5k
Ol A Cl (o JS Ao 3 0fag 4 ()l sl i go8
A dalgs Tt s 90 o) sl oy 4 o] ) o
Sl 4b Gy dloyo 3 (Sl 15 g5y Jletol (5 Jga2)
(5 Jgan) a5 anlss ity Jlewr (59)395 o8y 4 G )23 )
G ey oloj 3 (il OIS e 58y Sl Jle lgie &
o9) w5y l= RCP8.S jLiuil (g )l sl 9 D2 0)95
590 2T 33y 0)9> Jgbo b oy 23 o5 sl & > 5> sl 0/086
als o (5 Join) a0 07936 &y 5 ons il 11 Togus iy
Sl (b 9 (S)l> A5 4 el p Fosles Sl (S (235
ol el g anily olS 5 nS fleny 93 (il Slojen oS
Olojon g98g Jlai! dilate )3 (S ysboey 90 Jpazee Slos
g AH.S) &l (o) U (235 ds o (b (b 5 (5l A5
i ial3 8l sy BB &S Lol (5 Jgse) cawl YU (D.AM
J992) Cesl o395 4 G oy 8y sl Jlei! cnl sl
(39, 26 osgio y5bo as) 055 0,93 Jobo alj3l b oS (g gy (5
Oty 9 (23S Al pe (b gk 5 ()l A g8y Jle]
8Ll lil s g cpia

Oy B (35 0)90 (b ad (Suid gllaels slaonsy o8
(5 Jgas) 0l galS(D.S.M) [, U cusls 4 (D.AM)
SJS U culs oyen b wad  Sis Callasl sy 48y Jlois!
5 0393 Ly Al 0,93 4 Casnd gyl i1 3 (D.S.A) o
D.S.M 3 D.AM (Lo asli as cuns ) goBy Jloinly 039
5 bagie slod GRIEIL IS psb 4 0 Jpua) ool imly sl
E989 Jloan! 39, 0 H el bl 093 4 o oais] > Bl (slod
g ailaie JS (gl bwgio yob 4 (F.R) (S350 osllaol oy
3t 40 0 Joia )il talS by 0)93 4 s Lagy i plos
9 S Collaols claonyyy plo gody Jloist wad S5 slaony
5 Jsia) tloe G5! Lt
fLm 61)_) &9_99 JLAQI Jawy.o uol.wl » u9ua.ol4 dlmo.b.)o
ol 035 L5300 Jgdn 13 o5 4 0L 3l adlate JS )5 lavgyyliw
(AHS) 2> U5 oloj 3 5l G5 slaonsy g5y Jlazs!
(F.R) (55 & (G.F.H) ab as p oloj 1 was Syl i
0y93 b was Sis (A.C.S) cuidls ooy y> wgllasls Loyl
Seis g (LER) olsy op sl (DAM) g, b 2> 5
2lo & Cs G55 4 (D.SM) ey b cdlS 0)93 (b s
sled pilidla ang L ol jutn 1500 ogllhaol (slaosyy
°C ol i bowgio glod b Jlgie olajy, 4] Jlois) bawgie
293950 iy 4l 099 & Copmd 23 &) (line Juad 5> 10
b jgin o (Jl )3 0ad )5 Sliwe Olgs I 525 0l aec

Lol olod g1y swiy 0,90 (b Collasli sayay EV.1 S g EV.2 43 E.V.3 aw J8lus £48g Jlois! bwgin -6 Joun
Table 6- The average probability of the occurrence of at least three (E.V.3), two (E.V.2) and one extreme event (E.V.1) during
the growing season for all stations

D1(2045-2065)

D2 (2080-2100)

Jbial RCP2.6 RCP8.5 RCP2.6 RCP8.5
Probability w9588 oundeds 0956 oordedy 99 e ooand el ey orarded
Early cultivar _ Late cultivar _Early cultivar  Late cultivar _ Early cultivar _ Late cultivar _ Early cultivar _ Late cultivar

EV.1 0.784 (10.121)  0.988 (10.007) 0.755 (10.092)
E.V.2 0.419 (10.175)  0.933 (10.051) 0.381(10.137) 0.885 (10.003)
EV.3 0.143 (10.099)  0.71 (0.015)  0.139 (10.095) 0.604 (10.091)

0.981 (0)

0.795 (10.131)
0.443 (10.199)
0.172 (10.128)

0.992 (10.011)
0.938 (10.056)
0.729 (10.033)

0.851(10.188) 0.997 (10.016)
0.521(10.277) 0.969 (10.088)
0.215 (10.171)  0.657 (10.038)

| 1As described in table5
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Fig. 5- Relative changes in effective solar radiation (E.F.R), the probability of the occurrence of at least three (E.V.3), two (E.V.2) and one
adverse events (E.V.1) and YD for early (Ea.), late (La.) cultivars compared with baseline (1975-2005) and medium (Me.) cultivar at each

station. a) RCP2.6 in D1 (2045-2065), b) RCP8.5 in D1 (2045-2065), ¢c) RCP2.6 in D2 (2080-2100), d) RCP8.5 in D2 (2080-2100). Green and
red color bars stand for favorable and unfavorable changes, respectively
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Introduction

Adverse and extreme agro climatic events will disrupt food production and these changes are expected to
increase in the world. The wheat is Iran's dominant diet, especially in the form of bread. It is important as a food
product that has an impact on food security. Climate change can affect wheat production in major areas of
rainfed wheat production in Iran, with social and economic consequences. Therefore, it is important for policy
makers and scientists to evaluate the effects of climate change on the agricultural sector and food security. Crop
models cannot take into account the effects of severe weather events (such as heavy rainfall, heat stresses) on the
final yield of the crop. It could be useful to utilize agro climatic indices to provide more comprehensive
projections of the impact of climate change on agro climatic conditions. The purpose of this study was
evaluating the probability of occurrence of adverse and extreme agro climatic events at different stages of
wheat development using agro climatic indices.

Materials and Methods

The focus of this study is on main areas of rainfed wheat production in Iran (Kurdistan, Kermanshah,
Golestan, Zanjan, Hamedan, and Ardebil provinces). According to the latest statistics and information from the
Ministry of Agricultural Jihad, more than 55% of wheat production achieve in these areas. The evaluations are
based on the outputs of seven CMIP5 models and RCP8.5 and RCO2.6 emission scenarios for the period 2045-
2065 and 2080-2100. The equidistant quintile-based mapping method (EDCDF) was applied to bias correct the
outputs of CMIP5 models .The proposed method of Allen et al. (1998) was utilized to estimate daily crop
evapotranspiration, soil moisture and relative reduction in crop yield under soil water shortage to describe the
major adverse conditions for wheat production; the set of 13 indicators was used to cover the major causes of
low yields of winter wheat.

Result and discussion

The average temperature during the growing season will be increased by 3.1 °C for the late cultivar and
RCP8.5 scenario during the period 2080-2100 compared to the baseline. The appropriate sowing dates will occur
later for all scenarios relative to the baseline and shift to late autumn. Due to the increased average temperature
during the growth period, anthesis and maturity dates will occur earlier relative to the baseline and subsequently
the average growth period for all scenarios is shorter than the baseline. Average total crop evapotranspiration
(ETc) during the growing season will be reduced in most stations. The average relative reduction in crop yield
(YD) and the average total effective solar radiation will be more favorable than the baseline. Thus, it can be said
that these crop yield indicators are better than the baseline. However, increasing frequency of adverse events will
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be undesirable and the most unsettling possibility is the increase in the likelihood of occurrence of at least one,
two and three adverse events during the growing season that can be extremely unfavorable climatic conditions
for the production of wheat. The close connection between the likelihood of adverse events and the duration of
growth period (such as moisture and heat stresses) is obvious so that the longer growth period, is more likely to
be exposed to high temperatures and moisture stresses. An early cultivar will be a more suitable cultivar for
sowing compare to late and medium-ripening cultivar which can change future climate conditions in favor of
rainfed wheat production in most areas, especially cold regions.

Conclusion

In this study, the probability of occurrence of adverse and extreme agro climatic events during the growing
season of wheat was determined, which is usually not well considered in crop models. However, it is well known
that the impacts of such extreme events can be substantial. The results of this study showed that, despite high
uncertainty in the climate projections within CMIP5 models, the probability of occurrence of at least one (or
more) adverse event during the growth period for each cultivar will increase compared to the baseline for the
same cultivar. So that, the longer growth period, the greater likelihood of occurrence of at least one (or more)
adverse event.

Key words: Agro-climatic indices, CMIP5 models, EDCDF biases correction, Emission scenarios RCP.



