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Introduction

Food security is one of the most important concerns of human society. Given the importance of climate
for the agricultural sector, achieving long-term climate forecasts in this area is essential. The advent of global
climate (GCM) and regional models (RCM) has made it possible for researchers to study the impact of climate
on agricultural products. Predicted climate change, especially the increase in atmospheric carbon dioxide and
temperature, as well as changes in the amount and patterns of rainfall, will have severe effects on agricultural
production and food security, especially in arid and semi-arid regions. Therefore, any change in the world
climate, directly affects the production of agricultural products in different parts of the world and, consequently,
the issue of food security in the world. This study was conducted to investigate the effects of climate change on
yield and length of phenological stages of potato plant in tropical and subtropical regions of Kerman province.

Materials and Methods

The study area in this research includes stations with a statistical period of 17 years (1989 to 2005),
including Jiroft, Kahnooj, and Manojan. In this study, maximum and minimum temperature data, precipitation,
average relative humidity, average wind speed, and sunny hours on a daily time scale were used for the
exponential microscale. From the output of the CanESM2 general circulation model was used under the three
scenarios rcp2.6, rcp4.5, and rep8.5. The SDSM microscale model was used to exponentially scale the output of
the general circulation model. In order to prepare field data for calibration and to determine the validity of the
WOFOST model in potential conditions, data from research projects of Jiroft Agricultural Research Center
during 2010-2011 were collected and used as a basic course. This information includes planting date,
phenological stages from planting to emergence, emergence to flowering, and emergence to physiological
maturity of the potato plant in the study areas.

Results and Discussion
The results of WOFOST model validation for phenological stages and potato yield provided acceptable
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estimates for both variables. The ability of the SDSM model to simulate meteorological parameters was
confirmed, however, the model showed less accuracy in simulating precipitation. The simulated maximum and
minimum temperatures for the next period (2011-2100) under RCP scenarios increased compared to the
observation period in all three RCP scenarios. Precipitation has also will change in future periods in all three
scenarios and show a declining trend. Combining the results of the CanESM2 climate model under RCP
scenarios in three climate periods 2011-2041, 2041-2070 and 2071-2100 with the WOFOST growth simulation
model showed that the length of different phenological stages and potato tuber yield under potential conditions
will be reduced in the study areas. The stage of germination to the physiological maturation of the tubers, due to
its longer duration, the greatest reduction in the length of the period occurred in this stage. The results of potato
tuber yield simulation showed a decrease in yield in the study areas. According to the results, the highest
reduction in performance was observed in the third period (2071-2100). The percentage of glandular function
reduction was observed on average between 2 and 4.3%. In general, the results showed an increase in the
average minimum and maximum temperatures of 0.37 to 0.9 degrees Celsius over the next three periods. The
length of the phenological stages of the potato plant from emergence to physiological maturity has decreased in
parallel with the increase in the mean minimum and maximum temperatures. The reduction in the length of the
germination stage is between 0.2 to 1.9 days, the flowering stage is between 0.5 to 1.7 days, and the maturation
stage to maturity is between 1.4 to 3.5 days. The greatest reduction during the phenological stages is related to
the emergence stage to maturity of 3.5 days.

Conclusion

In general, the results of this study indicate an increase in the negative effects of climate change on the
potato plant in three stations of Jiroft, Kahnooj, and Manojan. As the temperature rises and the rainfall decreases,
and naturally, the length of the growing season and the yield of potatoes decrease, the amount of damage in
future climates will increase. Generally, for one degree Celsius increase in average annual temperature, tuber
yield will decrease by 4.99%.

Keywords: General Circulation Model, Exponential Microscale, WOFOST Model, Phenological Stages of
Potato, South of Kerman Province
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Cudy NS iy yekie Clows g
Row  Predictor variable Description
1 P5 f JSlygisa 0.« CJ“"" 23S0 2l e puo
- Geostrophic airflow velocity at 500 hPa
) P5 | JliSn B+ a3 5l Cas o (5)lto 4ilge
- Horizontal wind at 500 hPa
3 P5 v JBslygiSa b+ o )33k s (5)oedl b adlge
- Zonal wind at 500 hPa
4 P57 Il giSa 00+ o 53 (g
- Vorticity at 500 hPa
5 P5th JSlgiSn B+ g 53 3l Caows
Wind direction at 500 hpa
6 PEh JSelsiSa 00+ s 3 3k 2151y
Divergence at 500 hPa
Geopotential height at 500 hPa
8 1500 JBlgSa 00 a3 (i Cugb,
Relative humidity at 500 hPa
9 pf 3 Sies Sl Cs poo

Surface geostrophic airflow
b Ce p (g4 adlgo

10 P_u - .
- Surface horizontal wind
1 Pv Sk sy )leedll cai adlge
- Surface zonal wind
12 Pz oot
- Surface vorticity
13 P_th e
- Surface wind direction
14 P_zh k25l
- Surface divergence
15 P8 f JSlgiSa 0+ o )3 3)Sisej ol ey
- Geostrophic airflow velocity at 850 hPa
16 P8 u JK‘“’[&‘&“ O o 0L e ps &l adlge
- Horizontal wind at 850 hPa
17 Pa v JSlgiSon B+ o 53 3L Caep (5] i aidlgo
- Zonal wind at 850 hPa
18 Pg 2 Sl Ad+ v 5 g
- Vorticity at 850 hPa
19 Psih ISl Ad - s 53 0l Caawo
Wind direction at 850 hpa
20 p8zh JSulgiSan Ad+ adaw 53 3L 2] ,Sls
Divergence at 850 hPa
21 P850 JK“"[H;S‘“ Ab- (?Ia“" » J:‘“’l:"i;) &L&J)l
Geopotential height at 850 hPa
22 850 JSlsiSa Ade gaws ) (o Cagh,
Relative humidity at 850 hPa
23 MSlp L) EJG-“’ Slas L)‘i‘L:‘“
Mean sea level pressure
24 Rhum xR (‘.““‘" Lg"))’ e w9]°)
Near surface relative humidity
25 Shum Ol C]“"“ ‘5“5)" 377} Wﬁb)
Near surface specific humidity
26 temp Sy v Ehﬁ)l 2 ‘9‘“ Lﬁl“)

2-m air temperature
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Fig. 1- Stages of plant growth simulation in WOFOST model (Supit et al., 1994)
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1- Root Mean Squre Error

2- Root Mean Square Error-Normalized
3- Maximum Error

4 - R-Squared correlation

5 - Nash Sutcliffe coefficient
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Table 2- Plant parameters of the WOFOST model in calibration stage under potential conditions

KN
. . ..\5‘5
el Fol)ly oy Value Unit
Parameter Parameter description 0o U b Joans
Default Justified
Temperatures below the threshold for emergence °C
TSUMEM _ O3 oo b 2l 59, ‘:.>)> 4e 9000 170 434.9 59y 4>
Daily degree set from planting to emergence °Cd
TSUM1 _ s U_Q-u‘ w3l 59y 42y asgerme _ 150 502.1 599 40
Daytime collection from emergence to flowering °Cd
bl b gsly b (2S5 55, )3 degeoee 53y 4oy
TSUM2 Daily degree set from flowering to maturity or 1550 8154 °Cd
harvest
SLATB Srehyghe 0.003 0.002 Pkl s
Special surface of leaves ha.kg!
AMAXTB i e Sl CO2 30 35 celol ale 5ol
Maximum rate of CO2 uptake kg.hat.hrt!
CVL J)f 4 J"-\“ 5,90 o 0.720 0.760 F)S?L‘s/f’)s%
Leaf conversion productivity kg.kg?
CVR d"“"’)“ J"\“" 51900 0.720 0.755 f;?l“'{/f’)s%
Productivity becomes the root kg.kg*

WAL-AY sl (b nbe © g (a19il5 Jol 31 59, 31aa) Codls G0 bl 2 (5515 Uty 0,95 Job —F g
Table 3— Duration of phenological stages based on planting date (day from January 1) on average during the years 2011-2015

(595) Se3999%8 Jolpo

Phenological stages

. S, U O
O o U bl BB b o (il ) (Sojglon s

é?:; Jw Da;:fls & b Planting-Sprout (day) Sprout-flowering (day) Sprout-physiological
planting -
Year (day) (day) maturity
S5l and S S5l and S 3l S
Simulated Observation Simulated Observation Simulated Observation
1389 260 25 26 35 37 104 106
s 1390 260 23 24 33 34 98 100
il 1391 260 24 26 36 37 100 102
Jiroft 1392 260 24 25 34 36 103 105
1393 260 22 24 33 35 106 108
1389 260 24 24 32 33 104 103
. 1390 260 24 25 35 36 102 101
s . 1391 260 22 24 34 36 104 103
Kahnuoj 1392 260 22 23 32 33 96 98
1393 260 24 26 34 35 101 102
1389 260 21 22 33 35 102 104
o 1390 260 23 24 34 35 97 99
oEr 1391 260 20 22 33 35 103 103
Manuojan 1392 260 21 22 32 33 100 101
1393 260 22 23 35 36 104 105
oSl 22.7 24 33.7 35 101.6 102.7
Average
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Table 4- Calibration results and model validation for potato yield and phenological stages under potential conditions

Yield and phenological stages  Station Observation Simulated
o 25 24 1 4 093 4
Jiroft
‘Jm_}’”_wl{ Eﬂ;_ 24 23.5 0.5 2 0.94 2.9
Planting-sprout Kahnouj
obs 23 21.8 0.9 4 1 44
Manoujan
w’» 35.3 35 1.7 4.9 0.75 5.7
Jiroft
A 7 Gl 34.4 33 1.3 4 081 58
Sprout-flowering Kahnouj
o o5t 32.3 33 082 25 078 3
C
2 ¥ Manoujan
o <
D -
s @ o 103.7 100.3 3.6 3.4 0.81 4.8
Jiroft
S Ay T GAD s
(esby) Gl 101 100 1.7 1.7 072 25
Sprout-physiological ~ Kahnouj
(maturity)
olsie 101.3 99.7 17 17 095 197
Manoujan
uﬁ’» 44899 44545 567.5 2.5 0.97 1.8
Jiroft
X J)ﬂ.o& .
Tuber yield e 497657 42281 5675 25 099 35
Kahnouj
oo 45232.3 44950.4 390.6 1.6 0.82 2.6
Ogee
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Manoujan
o 245 23 1.3 5.2 1 8.2
Jiroft
O3 o 72 ol 24 23 0.82 3.4 1 4.2
Planting-sprout Kahnouj
ol 215 21 0.58 2.7 1 46
Manoujan
‘JP 34.5 34.4 0.9 2.6 1 35
Jiroft
(PSS S Gl 345 343 0.1 0.37 1 0.6
Sprout-flowering Kahnouj
s ol 34 335 13 3.8 1 6
= o Manoujan
g
S o »
> CE = 105 99.5 4.9 4.7 1 7.6
Jiroft
Sy A
(etby) Al 1025 102.3 094 092 1 13
Sprout-physiological ~ Kahnouj
(maturity)
Ob’% 104 103.5 0.58 0.55 1 0.96
Manoujan
w"} 43806.5 42212 3267.5 7.4 1 12
Jiroft
o 2p5las ol 42716 43180 17645 4 1 5.7
Tuber yield Kahnouj
Ob’% 44563 43996 2685.7 6.7 1 10
Manoujan
Tuber yield-calibrated Tuber yield- validation
26000 - - 50000 _
T 25000 1 y=1.0717x-21155 - s y =1.2938x - 12795 -
= 24000 R* = 0.9641 = 45000 R? = 0.921 /
ﬁ 23000 ::: - - ©
2 22000 - = 40000 ”r”
E 21000 L - 2 _-"
2000200’00’ 21000 22000 23000 24000 25000 26000 350035000 37600 39600 41600 43600 45600 47600

Ob: d(kg.ha™"*
Observed(kg. ha™") served(kg )
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Sprout - calibrated

y = L0075x - 1.0672 -7
R*=0.9445 -7

Simulated (day)

20 21 22 23 24 25 26 27
Observed (day)

Flower - calibrated

38
=~ 1 y=0,7778x + 6.3704 _-"
£y 2= -7
3 R*=0.9074 .-"o
T 34
=
=
£ 2
7]
30 -
30 32 34 36
Observed (day)
Physiological ripening - calibrated
110
- -
y =0.9964x - 0.8504 P
= 105 R?=0.8168 -
=
T 100
= -
= -
-
- -
90 ~
90 95 100 105

Observed (day)

38

110

Sprout - validation

30
¥y =0.9091x + 0.3636 i
= R?=0.9358 -
= -
2
=
@
=
=
=
w
20 22 24 26 28 30
Observed (day)
Flower—validation
38
vyv=13x-12.2 -
2 =
= 36 R?* = 0.8244 _ -7
3 -
= _-"
=
% 34 - - (o)
= -
E
= 32 _-- -
-
_-
30 =~
30 32 34 36 38
Observed (day)
Physiological ripening —-validation
110 PR
-
—_ - - -
= 105 y—0.§199x+l7.87 -
£ R?=0.7516 .
T 100 P
= -
= -
g -7
7 95 P
-
-
-
-
90 ~
920 95 100 105 110
Observed (day)
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Fig. 2- Comparison of the simulated values with measured values for potato tuber yield (data for 2011, 2012 and 2014 for the
calibration stage and data for 2013 and 2015 for the stage Validation), the one-to-one line is also shown in the figure
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Table 5- Efficiency of the SDSM model in simulating precipitation and mean minimum and maximum temperature and
maximum temperature during the observation period with NCEP data

Cd Hlo
RETw i Accuracy criteria
Station Variable a0
4 Ens RMSE RMSEn (%) ME R2
Percentage error
e sled -0.02 0.99 0.02 0.1 0.21 1
T-min
< e slad -0.02 0.99 0.03 0.1 0.24 1
% ~§ T-max
o _’b' ) -4.5 0.99 1.2 0.7 21 0.99
Precipitation
Sl ol -0.03 0.99 0.02 0.1 0.2 1
T-min
x 2
2 e slad 0.004 0.99 0.02 0.05 0.1 1
é, :@\ T-max
o _’b' ) -1.7 0.99 0.7 0.4 10.8 0.99
Precipitation
e ‘.‘L"J -0.04 0.99 0.01 0.07 0.1 1
T-min
= s gled
5 C -0.04 0.99 0.03 0.1 0.1 1
e ‘g T-max
£
ot -1.8 0.99 1.6 0.8 28 0.99

Precipitation

3, Sl a5 +/Y L RCP2.6 (540 )l 5o o, Kol dn p> < /¥
gyl glod Lalidl oy pids A5 saalie RCP8.S (g4 liw )
5 zokS oK)y ol Kol ax 3 VY oV (l5medy iy JBlas
ol pials (1:Ske 515 )5 sdalie RCP8.5 (gg )l )> b jun
2 yeudio VY L RCP2.6 (g45,l0 53 yaudio VY 5 sody
o bl pialS (p it S35 edalis 55 RCPB.S (g9l

5 odmlie s ol )3 el YA luie

g S Jolas (clod (gilodnd 4 bgsyo gl £ Joi>

5 RCPA.5, RCP2.6 il (g ylius s o] o35 dus 13 iyl
g Sl glod & Jgd 4 dngi by .cowl 0a 00y isles RCPB.5
Ceos (Yo WN=Y Ve o) oa il 0,93 (glym o0 (gjlwdn s JSlis
RCP 4 L acw y 2 30 Sbasd 6y50 4y Cuus RCP gl jliw
aw p y odl slaoyed )0 o 5y aad o ol il
Ao (Ui 1) SRRl gy Kg) 5 Cusl 0l S )l bagy sl
aalllas 3,90 3blio )3 Sl 5 Bl (slod 6o Lialjhl (Solie
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Table 6- Changes in the average minimum and maximum temperatures and annual precipitation at selected stations in the
three periods 2040-2011, 2070-2041 and 20100-2071 compared to the observation period under the three emission scenarios
RCP2.6, RCP4.5 and RCP8.5

Jilos glod PSlas glod oyl

LSOy Minimum temperature Minimum temperature Precipitation
Station e TS olgie cdye TS RS e TS olsie

Jiroft Kahnouj  Manoujan Jiroft Kahnouj  Manoujan Jiroft Kahnouj Manoujan
PR PR VLY 17 19.7 18.8 32.8 33.7 34.2 175.8 185.9 203.8
Observed % °C % °C % °C % °C % °C % °C % mm % mm % mm
S Rcp26 2 0.4 Y 04 2 04 04 05 1 04 1 03 -8 -13 -8 -15 -8 -16
o
2: Rcp4.5 2 0.3 Y 04 2 05 05 04 1 03 1 03 -6 -10 -7 -12 6 -12
-
& Rcp8.5 2 0.4 2 04 2 04 04 05 1 04 1 03 -8 -14 -7 <14 -9 -18
© Rcp26 3 0.5 3 05 2 04 04 06 1 05 1 04 -7 -12 9 -16 -6 -12
o
3 Rcp4.5 4 0.6 3 06 3 06 06 07 2 06 2 05 -11 -9 12 22 -6 -12
g
& Rcp8.5 5 0.8 4 09 4 07 07 1 2 08 2 07 -18 31 13 24 5 -10
g Rep26 3 0.4 2 04 2 04 04 06 1 04 1 04 -7 -12 -7 -13 75  -15
-
E Rcp4d.5 4 0.7 4 08 4 08 08 1 2 07 2 06 -14 25 14 27 -3 -6
N~
& Rcp8.5 7 1.2 7 13 3 05 05 1 4 1 ) 04 -21 -3 11 -20 -5 -9

Cledy i L5 sl oy Jy b ialS e b (98
2Ai IS ejs o0 olos 3Skes Sl ple)S
b dLed Lil58l 54940 Ly (Turkaman, 2016) ¢l
EalS Cadan (gprae)S 3ble 3 1) 05) 0593 Jsbo el
olaleS U1 (Sl )b s 9090 onlpliy 2l salss
Sl Sl oS i L )5l LSl 5 Slea
oSl jskay 2AS B 0w 050 Jsb (Turkaman, 2016)
Olie bwgie jodar Bl alss ol 59, VO U ) /Y o
P gy IAL </ 5o RCP2.6 (sos)lw j3 2a5 (g0y90 Lials
Gonliw )3 959y VLS Y (god90 >0 ;3 RCPAS (445l
s yo gy A bles 59, VY LS V/+0 (god90 >0 ;3 RCP8.5
Pk cleay (sl ) bosd (Sjlgjod (Spsy b b
sy Sl Gl sy ol 13 0y93 Jobo (2l it o 092
Lot (Sojsdanied Sy 0190 Jobo S oliee Lawsio
Stz )3 59y WA Gy aslllas )90 oKl ¥ gl (el )

(¥ JS5) 3,05 51,8 RCPB5 cos ks ,3 3o, Y/5 s RCP2.6

9 Su589% Jalye Jsbo s a8l i 5T cuny
oul 4 Slac

gyl o CANESM2 o8l Jao 5| Jols b .l
—Y.¥+ o8l )65 4w ;5 RCP8.5 5 RCP4.5, RCP2.6 Lzl
PO S35 IWPWIE- S TV TR SUAEA A PRI 2% ATR SR SN
CilS jl (Sojdlsd cilie sl Job S ol olis WOFOST
S (Shew) U adiew 9 (2T b (b U
018 3, Slas 5 (ld yolis 5 Ol Codgamme gan) (cuidls )
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2011-2040 2041-2070 2071-2100
RCP2.6 BRCP4S ERCPS.S EObserved RCP2.6 ORCP45 ERCPS.5 mObserved
Jiroft Kahnouj Manoujan
40
N N 40 35 33
3 ' 3
.l R z 22
\ \ = 20
1 § \ 20 = 15
\ ] § R i 10
2011-2040 2041-2070 5
RCP2.6 ORCP45 ®RCPS.5 MObserved 0 0

2041-2070 2071-2100 2011-2040 2041-2070 2071-2100

RCP2.6 DRCP4.5 SRCP8.5 mObserved RCP26 ORCP4.5 ERCP8.5 mObserved

Jiroft Kahnouj Manoujan
120 120
m 104.2 i i 101.6 :;3 | 102.4
Z:80 >, 80 0
a 60 S 60 )
40 40 = 60
20 20 a 40
0 0 20
2011-2040 2041-2070 2071-2100 2011-2040 0
RCP2.6 ORCP45 ERCP8S5 mObserved SRCP.6 ORCP45 ERCP85 mObserved 20112040 2041-2070  2071-2100
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Fig. 3- Simulation of planting time to emergence (top), green to flowering (middle) and emergence to physiological maturity
(bottom) of potato plant based on CanESM2 model for three climatic periods 2040-2011, 2070-2041 And 2100-2071f under
RCP scenarios using the WOFOST model
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Table 7- Simulation of potato tuber yield (kg.ha'!) and yield reduction percentage based on CanESM2 model under RCP
scenarios in the studied areas in the periods 2040-2011, 2070-2041 and 2100-2071

sy s 2011-2040 2041-2070 2071-2100
Station Observed RCP2.6 RCP45 RCP85 RCP26 RCP45 RCP85 RCP26 RCP45 RCP85
) . Jfﬂ“’ 44010 43914 43707 43370 42767 42345 43637 42262 41605
by s Yield
H <
Jiroft S oy 08 1 .15 -2 -3.6 -4.5 -1.6 -5 -6
Percent
.\,S.la.c
- : 42289 42091 41761 41878 41661 41323 42013 40790 40060
C?“Q; E Yleld
H N
Kahnouj < o -1 -1.5 -2.3 -2 2.5 -3 -2 -5 -6.3
Percent
3,Slos
o : 44482 44347 43241 43930 43825 43690 43579 < 42900 43249
Olge 3 Yield
H <
Manoujan < )3 -0.9 -1 -15 -2 -2.4 -2.7 -3 -4.4 -4
Percent

M8 59y VIB BN G (bl ) (Sams) U (b s Al p0 4 o)
Loy 3:Sile il 38l L aS conl o 5 (St A Jgds gl ol
o s a5 il sals alS ol (Sl 13y ol Job
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Table 8- Comparison of the duration of reduction of phenological stages (days) and potato tuber yield (kg / ha) and increase

of Average minimum and maximum temperatures (degrees Celsius) based on the general circulation model anCanEMS2
under RCP scenarios in the study areas

W 5ol 2011-2040 2041-2070 2071-2100
Parameter RCP26 RCP45 RCP85 RCP26 RCP45 RCP85 RCP26 RCP45 RCP8.5
Sprout -0.2 -0.6 -1 -0.8 -1.2 -0.3 -1.2 -1.9
Flower -0.5 -0.7 -0.7 -0.9 -1.2 -0.5 -1.3 -1.7
Ripening -1.4 -1.9 -2 -2.1 -2.7 -1.6 -2.7 -35
Yield -603.6 -1138 -921 -746.3 -1712.8  -2479.4 -994 -2077.8  -2592.3
Average temperature 0.37 0.37 0.38 0.45 0.6 0.8 0.4 0.7 0.9
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Fig. 4- Percentage decrease in potato tuber yield for increase in average annual temperature using CanEMS2 general
circulation model under RCP scenarios in the studied areas
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