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ABSTRACT

Climate change is one of the most important challenges in the
future. The present research was investigated in the time
domain of the past period (1980-2005) and the future period in
the form of the middle future period (2020-2055) and the far
future period (2056-2090) based on real data from weather
stations and data from general atmospheric circulation models.
The geographical area of the research has covered the whole of
Iran. To achieve future climate change, from the simulated data
of five proposed models (BCC-CSM1.1, MRI-CGCM3,
GFDL-CM3, MIROC-ESM and (GISS-E2-R) from the CMIP5
model series in the form of the fifth report and RCP scenarios
Climate change was used. After the statistical analysis of the
output of the MRI-CGCM3 model, the weighting method was
used for the evaluations. In the coming decades, the reference
evapotranspiration (ET0) and the water requirement of the
grape growing season will increase compared to the base
period, so that according to the RCP8.5 scenario in the grape
growing regions shortly (2020-2055) and far future (2090) -
2056), respectively, 31 and 98 mm will be added to the value
of ETO The middle stage of grape growth will occur. Therefore,
climate change will increase the amount of water in the grapes
in the coming decades Highlands will have less water needs
than other areas.
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Extended Abstract

Introduction

It is predicted that the impact of climate
change on agriculture will be more severe in
the coming years due to changes in the
intensity, magnitude and distribution of
rainfall, soil water content, atmospheric
water vapor, higher temperatures and, as a
result, more evaporation and transpiration.
This will have significant implications for
irrigation needs, especially in semi-arid
regions, known as hotbeds of climate
change. Grape production requires a large
amount of water, which can be problematic
in semi-arid Mediterranean regions, where
climate change projections predict a
decrease in water availability associated
with decreased rainfall and increased
temperature.

Methodology

In the basic period, the status of effective
climatic parameters was first investigated.
Then, the time of occurrence of the
phenological stages of the grapevine at the
regional level was determined based on the
data of the observation period. For future
period data, the downscaled data of
MarksimGCM database was used. The
ordinal Kriging method was used for spatial
distributions. RCP8.5 and RCP4.5 scenarios
were used as pessimistic scenario and
moderate scenario. In order to identify the
phenological stages of grapevines, studies
and field visits were conducted on
grapevines. To control the phenological
stages of grapes, the BBCH scale was used
at Golmakan Agricultural Meteorological
Station located in Khorasan Razavi Province
in Northeast Iran during a complete growth
period from the beginning of germination to
the end of the stagnation period. In fact, the
codes of phenological stages were observed
and recorded in the field. In addition to field
observations, climate data from the
Golmakan  agricultural — meteorological
station was also used. Golmakan agro
climate station is located near Golmakan
village and on the side of Mashhad-
Chenaran road with an altitude of 1176
meters above sea level. This station mainly
measures the effect of weather parameters
on wheat and grape crops.

Results and discussion

The results showed that the grape tree in the
initial stage of growth has a lower water
requirement than other stages of growth. In
the initial stage, the amount of water
required varies from 207 mm in high and
cool areas to 303 mm in low altitude and
hotter areas. The results showed that in the
coming decades, the amount of water needed
will gradually increase compared to the base
period. Based on the RCP8.5 scenario, in the
period (2020-2055) and (2056-2090), the
water demand will increase by 2.6 and 12
mm, respectively, compared to the base
period. The amount of increase in water
requirement in low altitude areas will be
higher than in high and cool and cold areas.
According to the RCP4.5 scenario, the
amount of water needed in the period (2020-
2055) and (2056-2090) will increase by 4
and 8 mm, respectively, compared to the
base period. The amount of changes in water
demand will be less than in the pessimistic
scenario. The results of the spatial
distribution of water requirement in the
middle stage of grape growth in the base
period showed that altitude conditions play a
major role in the spatial distribution of water
requirement in the middle stage of growth.
The lowest amount of water requirement is
observed in high areas. In the basic period,
the amount of water needed in grape
growing areas varies from 586 mm to 859
mm. The middle stage of grape growth,
because it corresponds to the hot months of
the year, has the highest amount of water
needed in the growing season of grapes.
The results of the changes in the water
requirement of the middle stage of grape
growth in the coming decades compared to
the base period under the RCP8.5 scenario
show that in the period (2020-2055) and
(2056-2090), on the water requirement of
the middle stage of growth Grapes will
increase 25 and 50 mm respectively, in its
cultivation areas in Iran. In the far future
period, the amount of water needed is higher
than in the middle future. The highest
amount of water requirement will be
observed in low altitude stations

The results showed that in the period (2020-
2055), the water requirement will change
from 611 mm in high and cool areas to 884
mm in low and hotter areas. In the period



(2056-2090), the water requirement will
increase from 636 mm to 909 mm according
to the altitude conditions.

The results of changes in the water
requirement of the middle stage of growth
based on the RCP4.5 scenario for future
periods showed that in the period (2020-
2055) and (2056-2090) the amount of water
requirement will be increased by 10 and 20
mm, respectively. The increase in water
demand in this scenario will be less than the
pessimistic scenario. The highest amount of
water requirement will occur in low altitude
areas.

The results showed that in the period (2020-
2055), the water requirement will increase
and change from 596 mm in high and cool
areas and up to 869 mm in low altitude areas.
In the period (2056-2090), the amount of
water required for the middle stage of
growth will change increase from 606 to 879
mm according to the altitude conditions. The
results of the spatial distribution of the water
requirement of the final stage of grape
showed that in the basic period, the amount
of water requirement varies from 358 to 410
mm from high to low altitude areas. This
stage has less water requirement than the
middle stage of growth. The lowest water
requirement is observed in the high and cool
areas of the northeast, north and northwest,
and the high Zagros region. The areas of the
plains and the marginal slopes of the
mountainous areas have a higher water
requirement.

Conclusion

The results show that in the RCP8.5 pattern,
in the coming decades (2020-2055) and
(2056-2090), 31 and 98 mm will be added to
the reference evapotranspiration rate,
respectively. The results of simulated data
processing showed that under the RCP8.5
and RCP4.5 scenarios in the future periods,
the amount of water requirement will
increase compared to the base period for the
growing stages of grapes in the growing
areas of Iran. So that in the initial stage of
growth under the mentioned scenarios in the
periods (2020-2055) and (2056-2090) the
amount of water requirement will increase
by 6.2, 12, 4 and 8 mm, respectively. The
water requirement of the middle stage of
growth in the future period will increase

compared to the base period. Considering
the timing of this stage of grape growth with
the warm days of the year, the amount of
water requirement is higher than other stages
of grape growth. The lowest and the highest
amount of water requirement will occur in
the low and high altitude areas, respectively.
The highest amount of water requirement in
the stages of grape growth in the coming
decades will occur in the low altitude areas
on the edge of the high areas in the grape
growing areas. The lowest water
requirement in the future will occur in the
high and cold regions of the northwest, the
high Zagros and the Alborz regions and the
high regions in the east and southeast.

Funding
There is no funding support.

Authors’ Contribution

All of the authors approved the content of
the manuscript and agreed on all aspects of
the work.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific
consultants of this paper.



b SL3 s> s ing 3 dolbad

Journal Homepage: jphgr.ut.ac.ir

2423-7760 £ o%dg S b

oW T sldrand 43 oyl gt 4o (Vitis Vinifera) (gumowS 3Rl & 3 T 305 9,97 9

TS L lae T 8 23 el oY Y sl e

t.shojaee21@gmail.com :aeblly .yl pl )lg 5w ¢ 6 )y pmw o 01Kl  Jawmmo pole g Lbl i oSt (65909390055 ¢ (omlidlgmail 09,8 =
Fallah.g@Kkashanu.ac.ir :asbl] .|yl (Ll ¢ Lsls olRuisly (oyej pole g (ol mlio 0aSiild ¢ 6)K53,5 5 Ll s 05,5 ¢ Jgiume odiaan g5 =
a.kashKi@Nsu.ac.ir :asbll, .l ) ¢l a5l o waSer oSl ¢ Jamo pole o Ldl i 01Kl <5993, 9055 9 (wlislgmgl 09,5 —¥

sl 3 ol i D950 guome 0] 3 il ke 3 (So el s
g (YoVe=¥-00) Sle oai] 0)gd < ygods oail 0,93 9 (VA=Y + ) ardiS 090 Sloj
cloodls g wlislon (claolSim! adly claodly (glio p (V-OS=YQ+) 495 oail 09
sl 031> tidgy 1y (ll JS (3o (Sl gyald A () g2 (ages 93,5 sla e
ety Jho gy oddigilutend (sloodls Sl sl 0y90 @l ot 4 ol 4l
s MIROC-ESM GFDL-CM3 MRI-CGCM3 BCC-CSM1.1)
RCP sl 5wtz ilS JE 5 CMIP5 gla Jso (s 5 (GISS-E2-R
olgsa MRI-CGCMB3 Juo (298 )lel )y 51 am 2005 oolitsl ouldl s
oalasiwl (B (59 gy il b Jde ouw Hliel (gl b eolatwl by obj )l ol ol Jse
Capnd 6501 05 Juad ol 31 5 (ETO) g0 505 — e o ol (loams )5 .0
gblie > RCP8.S (go)lis pulul S pgboty zidly amlgs (l3il ol o)90 4,
TV sy 4 (Vo050 ) ygd o] o (YoV-=V-00) o5 aail 0,93 45 ,655] s
2 55 555l ady Jole 5l ke 0 anlgs 03938l ETO Jlads 5y 2 Lo A
slgs &) 550l ady Sle oy ) Gl i 8L sl 58l o] (slaans
slaam j b anlgs 56351 ol 5L g ETO Jlade il Cogo maldl puss oyl plis ol
&) SunsS 5 gy (Ply andl glis)) o8 3ble )3 al b Gl o sl
G a8 2l 5l 5 eipe 0515 5 0y Jlod yd s g gy Sblio o> salss

g didlgd 135 5 Bble S5 4

HL P T
VF+Y/+YVY
1Nk &L
AARANRY SRS ¢
iy &)U
AR VR IRRY

ol &,
AR VRY VR4

gl yB5ls
‘z,«’[ b

e B R
s

!

el (Vitis Vinifera) aess 56l e s ol 5b 5yslp (V1) Lo Jlue o SIS 5 whe pMe «(6,0)B M taubs (el L
OY=VO (V) OF ¢l (cldliin clo ying s dlxo odil glaams »

http://doi.org/10.22059/jphgr.2024.375069.1007824

Oyt o8zl @l )Ll Ao 2 gaatl



Aodlo
alie 3l odlital 5 Jpamo 155 (ol lomacl Sl bulpd 3 (ol Sl 4 bgrye 0418 s Jolge g o Sy S
ol elaJlo ;5 (65,9l p wulll yuuis 5 &S 395 o iw i -(Jia et al.,2021) ool pao sl (65y5liS O
By 9y 4o 3 g $YL (slaled gon O Hl50 SB O (glgioms ( )b @i 9 (S s s b &
Slyts (9 plgiedy & (Stdass 3blie )3 g (Ll 5l 22 (2P B sladoly yol ol Bl s iy
Sitddos bl > Wl e a5 3yl Ol (oobj Hlaie @ b 1ol gy il Anlgs wgi o ablis slgmgol
S 2 L baye Ol 391 (s )3 SN (ol Sl Slos )it o (@l sl Lo ISt wlins
.(Pizarro et al.,2022) 1S o w i 1y o> Lisl58l

b st o)l il )3 ko @l 2 085 56551 (5058 2 orlBl s 3B oy 42 (WWAA) )80 g ol
Sop osiz] o 1553l s5gdsid Unlye 45 ol U5 gulis sl CORDEX sjgy ouldl yuais (slosls 31 oslizal
il salgs alS 5o, ¥ Ve i 4 (Yo 0-VAVE) ol 0)9d & Cannd (VN =Y YY) 93 0aisl g (V200 -Y-Y )
Jae 3l ool b lSals ol j> didos wly o )5l CudS o alBl ks 51 w0 b (WWA) G)an g o0ljle
5 il U5y s Linlial lod Slllas ddlate 3 &S Bk, doxsts oyl & RCP 45, 8.5 slags Lo 5 HadCM3
VY1) 003 03l 09 53 (o g el o0 Jobo g ojlil cadod (59 i) )oKl S (gla it ol Blato
b Aled dnlae (6> dxe ialS Mgy L (YA

olts adllan ol gl zilsy SUIS ) SBUIST 0,5 )3 1o 45 0 aldl yusis Il b5 & (YY) G 5 5
0] 53 Canl (Son g Canl s s bawgie (clomg] a4 dpw (clomg] b 4S5l iS5l L gl 0,3 a8 aad o
ol 2oy oyl b basye plomocl it cllas (gline 4 (S 15 25 slomg] slaganail 4y
Catio (gl ol Sl L S50 (65l ol dalis 25 litse Jeily (53570 ool > 4 (5208 s Lol
Sy jlato 5156l l 5l byl 4 (YoV+) phlSan 5 GugST5 2o Sl ool adlaie ol 5 Gl 5 )5Sl
Yoo =VAAY 0593 50 ol dw diljgy (slod g (5, (slmodly I oyl jglate s By liwg) ©pé )d oul]
dele JUu )8 (S (gl elial b (ST U (0) 95T 035 0593 )3 |y 2 ye (555 9y (ljae g 03905 o3l
b 0595 09 o9 5 455 0395 US> rlel 0393 Jlo (g (o po 4>y 53yl (ol 5l o ol Lt gl i S
Soy 2y Jo olel g 39050 ()bl (uad (oylol w23y dw Sl (VYY) oL e g 5loll ol asl ol 53] oS
Ol das 530l LSzl 5ol J1)3 )y pdyee |y slailine w8l 0 Jlgr 4565 5650l i > S 5 9 5, Slas
w2y 0 sl VL (Sgid Ol 5 g Jolome dlge JS sl iy plSin g Aty glite o] (A5 w3 )6l
ol el oS bulyd s 4,650l (Ssid LS 5 5 ) slapiolyly 69y oadodnliio il sgame (gl
225 oo 2l 25 b dalie )3 )5Sl &l (g 9 9,Skae

Sitddog 3blo )3 (oo 5 ghibais dn > Jpame ol 5l 2 |y weldl s slaaly (V-VY) )Sen 5 Lusls
Lulyd 53 5950l g paiS > Wi cslailinte (glayglS ) &S dmd o (LS gl 0> 58 gy 23)90 Lol gz
lg2 9] ).A.uu).ul.; (Yo¥Y) ohem g 1,565 5,00 5L (o i Ol o yd Vo g V8 WY Dl i )5 4y o] olgmg

(ly (555 yu5es ool 31 059y 31 (Ui ol 0,8 Ly 1y sl 1> Jgamee (ol Lo 5 Jmly 55 — p5s

1. Okanagan



ojp 3 <l parass § ol @l drwy lacwbu 13 S5k 4 5l a3 9 3 Gl bl O Sl
2 e )bl sla o]l i islejl waldl s slag )l plos cod Sodp sl )3 a8 aly i gl s,
350l (5ll oyt & s syt 0331 (5l o5 slnga lins) (ETC) Jgaomo 35 5 s 10+ 9 /A+ (el
oSl el lgpo] yuid & Coans sytin b bl Cupte ol )8 bl b @l opl (wlol 5 .55l
)15 (S 309

Lol ol 1> 15225 9 055l €855 (595 1 (ST 0093 Sl Ty (659l el (slo s s (V- VF) e 5 S
Gblie 51 (Sl i Laid YoYe Jlo 5 3 b oS sy e b ] Linggy 51 ol gl sl )18 (w90
YeAs 0y90 4 bgrpe sl Sipin oS g 48,55 cp )8 laossy b Cou byl > g g 5l cuis
1553l s nles VY G Loy sy aalss al8l sloanls jsbody YU (slod (pyd odpy 45 w3 o L5 VY
sladligy Slolys ogMa 5,5 walgd a0 |y Ll JlecSid baylyd oabl jd g0 cusS lg 3l e 5l i g
8l aalgs (RCP 8.5) ailss (g0 buw cov slal e ddlaie 3 oS 5 opy8

ashaio ;> (Merlot) 50,8 5635l cutS 69y p o) 4 owyiwd line g lod )»b bl 4 (YoYF) o) Ken 5 el
S ol s & oyt 5 350 559 (Slyid s5ionm o 5 imlS ey s ol 4zl Lol p 5
Lol (65t 25 o )3 8y Jole )3 o 355 g Lod s 135 o 1950l (pdeus, alo o o SR8,
N6 o 5] Jeols bl by 2 2om 13 5 j 8 )5S0l (Selgid oS 5 Wl Sl 0,90 13 5o )5 (2led
5 55531 (65l (samole; 5 008805 glo S 5 (ISl (ot b3l 5550 S b (ol 03,
by ol by b o 51 B e )3 a8l s dls e

ol od] (slaand (> ol

oR93 099

9 Lod aljey sloodly 3l .l sadedlainl Basd Bus g lgiore b cuslite bodly I coite cads jl pols Guiod
g 03] 0y93 (gl ol oddodlitul Cotie wlidlen oS! BY zaw ;3 Vo od B VAL Jlo 5l 4l 0)90 > )b
b odlisl g2 (JS (5,5 (sla e (29,5 oAb siludnd dilale g ailjg) 03l ool 5L el o ST 5]
Ly olel ys (Vitis Vinifera) oiedsS suow ab o o8, ;65 culS dime bl o 5 ol JS aios S
w8) (2l ogee | s g (V) JSB 980 calS Gl (gypme S dai g dine 3blio )3yt o) cnl D9 o ol
A Julos gy 51 edlaitnl b (o8l byl yis oliol p 56501 LS > S ditns Bbolio cpud 1 a0 o LS |,
dosil ol 43,5 Lo )3 b boly ol 53 .03,5 Lol 198" 5l o3gamte ol p @Bly  owlidlgn (claolSiums! ¢ o5y
A5 ad bden wlislen o] OY SleMbl ¢ ol olazel 3,90 4



355 83 ageo 305 (S3slys el o Y JSb

g bl e LS 1y oSSl sy S bl ;5 ot wlidlon claolSiuw! (iS5 cusbge (V) JSCi
Gy il g iyl dled (1S0le cinidiy (slod cinaS (glod (sla ol )b (gly il (wlide jo ol opl cle M

5 a9 (olidlgn olojle b 0)93 5



Al 3 s €85 S gblie ulidlgn slaolia) LS, 5 Condge Y JSWS

5 gy 5l eiod Blial b cuslize lisl) cul )3 w0 IS 03l 0)93 5 40l 0)93 Jlol 1) jols 3o (sl 2

P sl yiel)l Caxsg bl Gl 0y90 > Cuwl oddbosliiwl B claedly Jdodad o cas alite (sl e
2 8ly 0y93 ol bl dilaie gaw )3 )oSUl €8> (Sjglgid Jolye olas ) (loj g AD (g (ol
oKL o wldes, o3y I ean] )90 w3y (clp b astie lag) mje g ome cserl Sloj ol
RCPB.5 (sg0 i 5 j1 15 ooliol _olish (slaj g Jgane KixoryS sy 31 15 odlitl MarksimGCM
pludl gl 855 (6395 Jolye (bl gl o olitl lawg o (g9l 9 Sl g92)lw (gic s RCPAS 4
9 BBOH (ol sl Soisls ol L5 (gt s 55 05> s 5t sl ooy 5 clillas
F el a8y 0)93 So (b 3 olpl 3pd Jlod )3 698 luld plil )3 @Bly (SIS (6)9liS” wliilgn oty
A e g el Glie Oygods (Sofeled Jolpe sl aly 5o 0 odlil 365, 0y93 (b b Sjelse e
ol ss) i 03liol 5 £l o 5 SalS (6558 (lilgn olSKin) Looslil ledMbl ) lie clanlio S 5>
Ly g 5l e WP el b ghlis — dgede o3> acdls g (ISl liwg) g ) elS (559l (wliilgn
SiasS wlidlgn olSim] (pl sl o @8lg oLl xs Jobo adBd VY ds 3 O 5 4dds YA g a0 V& Claisw o
ol )3 1y ol Cmbge WSS S o spSoil |y s sloyially yl )5Sl g paS SV gasme (555 2 Bitos

A3 ol olpl g 598y Ll >



2555 (5390928 Slawe sasdil plosl g adlllandjga b oldl i Cusbye Y SIS0

dloyo iy Jolye cpl 2 (ol (o556 alsyo A BBCH (lidie (polsl o 59501 <83 3l (LS o g
S5) o3en gu3 Al 5 ) S el o (8 25) SIS oy ) 05) 5 gui g - ) il gui 5 il
2B bolagwdyg 3 sl 51 Jol al o 298 0 Jolis |y (3 58) o133 9 JolS” 5k al o A 35) 0900 ¢y Al yo o[V
ol ooloul Jobo 4 olo 39,8 Yo b g onsjlel SKlS adlata )3 (5,5 5bo 430 V+) b slod 5 YL (claled
b & s i) Lol 5 dlocciaugs ) 5 55 53 5 S pui (Sailss eloye 3013 oloj
5 mdlS dlo pe 315, oo bl e Jsb 4y slocuiguy Blgl b kgl 1 TS Su5elgid dloyo el o
Jobo s oledldye j3lol U oloys Lilsl 5l ogee 9ad (SO5e0eid dls po wdolowl o Jobo 4y olodls 3 Lawlgl U oo 5 Ll
ol oo o olo T S sloyse g S5 ol 5 IS ol Sl oo ol o

990 05952 3 (&lgig Jdo gy 3154, MArkSIMGCM oals oS5l bl s 04T 093 03> (¢l anlllas ol 5
(GIS-E2- s MIROC-ESM GFDL-CM3 MRI-CGCM3 BCC-CSM1.1) ouis can sla Jdo (slamslio
Diedigy 1y VAA=Y VY Jloj 0,90 sl 093 .0 olitw] RCP8.8 g RCPA.5 il cusbsly (slavgs b olwl » R
ol 0l yasuio (V) Jado ) dalllasdyge sla Jdo (881 S5 5 Jio i) luwho da Jdo pbaad o

ol adllas )3 005 ol CMIPS (gla Jao claseie ) Jgus

J..\.a u_oﬁl k_gﬁim JAA a.).i.hbﬁl)‘ A go ‘DU ol G Lruy[é] —s¥ LSLQJ..\A PU
\/ﬁ & \/ﬁ ()5)4 ‘Ofﬁ b@aﬁl}lb) 1559;)1 uhzdvu Lg'x w..ls)g )f)n BCC'CSMll
YIA % YIA 5 2byd = aoj pale g (wpldl 5 go> Clallas dumsge MRI-CGCM3

u;l) u_la.m P?’LC Olallas A go
YIo Y oo L Kol 5 S byt olSlegl GFDL-CM3
Y/A = YIA 9 by = woj pole 9 wgildl g co> Sllllas duwoge MIROC-ESM
ol e ple Sldlae dusge

Y/ %Y 3,15 slad Clillas duusge GISS-E2-R




Jde 2 0lgy 4 23559 by 4 weldl — (gon o Can sla Jdo (gilwdnnd jd Cushad pae b oyl jo
Al 09 sdodnline lude b ol 09 0 & jlwdudd ydlie yolaie pdy b 03l il cudlbly (glagyyluw cov
J3o 0 ()i 29 o0 e 5l o0 Cusd 4y 2B nl 3 &5 g el 2 Je s (sl im0, auglie
(A0F IR (255 5 (lobl) 39000 o0y (V) dlasly olel 2
1

AF ")
Y
" war

iz N

4 gl sl aidyge ol Ul 2 oges (83,5 Jao 1 Slagiluand (1js W g 4l 0)93 ) Slanlis

G Jde g9y p bl ol (A5 WYY (2555 lubl) Wil o g5 oges (53,5 Jdo 5 olo saimdylis cui

ohgy Jlasl 5l axp 205 dloms o Juo (59 of slasl 1 5 28 Jlosl aoliyy g0ty JuST J158lp 5 Lapoms o Cilisee

(R") (MBE) (MAE) v jliel (slajadls bl 4 0] 0590 608 (ilwand sl Jde gy b (2D 9

g g0
S@-o)
RMSE =2 ()
n
>(R-0)
MBE =-
(¥)
SR-o| ()
MAE =
n
(Z(R PO, —6))2
I ——
Y -PY.(0,-0) (®)

ke O s 3,90 yuolie 5:Sile P o 501l e O 5 00 35051 jlie Pl 8 (slaalsles 5

Yoo 4 4> b g 03¢ Cude 0ylgan RMSE 63)l] jlade .aib o rauglio dlas plp N g odd (g S0l polie
lg ylae i 1y 3b liee Jde a5 sl ol sximd lis MBE o)le] cute jlade .ol yige b 5cSon 3
lnosly yige bjlp eaima i Ldl FSi5 o & dy yb g M8 o i SO U jhio IR2 ke .l 035 340

Al oo

(Flobwr = 55255 ) (19, b &2 0 (5,55 — ped 351

05 gy 53 sl oddosliul g pe olS By pu dnlone (sl Slolu—j02 )5 e sby) S o cal 5
gae ablod gy S cnlply Al L5390 Lod aodly LS g o ol (35 s dslne sl (Slobw
D9y el (P T (L 9 (65,955 ABY WA (255 5 LBLL IV YA (on 2 Jlia g ol ) 3900
D9 s Ao i abaly olul
Eto =0.0023Ra (Tmean+17.8)(TD %)



uu{l) .Ra sU)‘P D).) Lod L)ﬁi)l.m ZTmeancu»%m.Lw 4?).) o> 3 Lod 4;«5 9 W ugLOJ .TD cﬂa)b w‘ ).)
P Foishe cas g2y olS 3y — 5 B0 5 ol gl LB oy Jgh S > ()18 ad )3 (dnej (g
Aoles axslye (VAAA) o )Ken 9 o 4 el yd il dwloxe

29591 €853 (o 55

(San 5 (52235) 9900 0330l (ol Jl (S Cow a0 S LS 55— 5 Sl oy (sl Slinse
395 g Sl b olS B 39 o3l e 4 )bl & ygods 1L aS 395 0 aiiS Ll Hlie 4y ol 5L (YO DIYAY
— o ogy cpl )0l Mo Hlaws Iizme LS (gl &S g, cpl il 00,8 &l S Lol oS ol u'" (N
(Y VAL 5 5 2j) d98 (50 dnmslons cg o olS (525 — 5 )3 (BUS cupd o LolS (5
ETc=ETo.Kc (v)

&y 55— pous ET0 g (3l (yah) (BLS oy KC (59) 2 yio o) olS 5,5 — pses EIC (598 alaily )
LS oy 5 (ETO) gpe (55 5 s oy 31 a8y oo 53 56850 ol 5l s el 53 sl (o) 2 i sho)
2L oo Jlosl 5 (ETO) g po 5o = pusess 5l osliil lS ol 5l e 13 Jgome b9y 3,5 aseiie (KC)
By B g 05 0)93 Jsb ) ol (KC) ' alS Gl s (g 51 1505 olS ja aile 15l ol ol 5Ls sl e (KC)

...\.1]@ Cuwd Yé?).n ol.,f

25591 (Ke) (LS o 3o l5a0
5 Spig) Sl (V) Jgio Spgots a3y Jolie 13 55501 ol LS oy b Ko ) peads JLL 5 S dang
(VYVA oy S0

15y Jolye 53 )55 (Ke) (alS cops Y Jgu
Shlasye  Sloabpe  ud) adsl sy
A ~/A\d X

(VYA (oSa g s 05) 1@

sl
oyl ol yuntS 5l g2 (oges (453,58 (g sLwdpd (Sl (riaw L]

(it Jo gy e 14531 (LS g (eges (53,5 il (sly Je Slg 4 (23 (459 o) el 2 S
o5 5 oddaws (GISS-E2-R 5 MIROC-ESM GFDL-CM3 MRI-CGCM3 BCC-CSM1.1)

1. Crop coefficiens
2. Reference evapotranspiration



b 5YL bl 5 a8 3] > 4 MRI-CGCM3 Jse wiis] 6,95 ;5 o Jae 3laigp 0305 g (VAA==Y++0) 09
A3l o 4005 0] (ilwdnd ) gyt Ul i slodnline ool
oobol 3 (VA=Y +0) closnlie 0ygd oo b g (S 53,5 (sla Jao (sdinilsd ol (puani 9 (e jlasl ol
S JYL (jg 4 4295 L MRI-CGEMS. Jus a5 sl (Lt ol sl aadpasede () Jgdor )3 (23 039 Ub9)
G 03 093 ;3 5yl g Lod Jld) (gilwand )3 YL (eaieilys 5| onbaloiin ogee 53,5 (slaJre Kb 4
ol b gla Jdo (glawnlio 490 6395 joS Ao Jdo (sloodly 3l plplly (il o jloye5 p (slodnline b 4l 090 4
b 03wl 04T 093 wuldl youss il 3 (g5l S5 g b)) (sl RCP iols cuibly (slags yliw bl o CMIP5

slosalin 0)53 b auslio )3 (230155 (o) bl 2 9> (IS (935 slade (il @l F Jgaa
GISS-E2-R MIROC-ESM GFDL-CM3 MRI-CGCM3 BCC-CSM1.1

RTARY HARY DALY /¥ <X aueS gled
Y VA IYY MR IvY din lod
AN NANY <\ JARY Ard oo)b

I92 (slos (5152 ol (S o 31y 2 3, 8as oty )l (S )lixe 5 (2ol ]y
by s 32 0353 53 Igm (slos g (sl g S 55 osliiiy (sla e dunlis 5 3,S0as o) ol
e a5 o LS ot .cawl sid yasuio (F) Jodz 50 byl slajlize wll o (VAA=Y++0) slosalin 090
s 5 3YL Uil ) MRI-CGCM3 i Lol i ls )55 (glosmliio o305 b oYl T 3ol ) oniolgii

o2 9 (23 Ojg bg) ol g ep S ie Je cplply aBbie oy n lade o5 &) s (55568 (3ludand
Sy Jso cpl gobs asldl o 130l o )05 5 4l 090 (sloodls b (o YL sllasl | o s ¢ liel (glalso

Cawl oaB03 8] 44:.‘”9.0.))94: LSU"’U:’B) 9 Lh).m‘)b LS‘)-? omd)bm 9 o.).:._,j 0)9d oald

(VA=Y 0) auly 053 &y o g (slod sl g2 (smgas (3,5 Jo gy sl (sl sloyline 3, Skas s ¥ Jgaa
bl sle)lze Jae

RMSE MBE MAE R? R
a/a4 V-0 oy -lo-  -)y. BCC-CSML1.1

AIVY Wik s Loy v MRI-CGCM3
WY VY WD R GFDL-CM3
a/AY wha o Ay oy oy MIROC-ESM
AT/ N 7Y WL V/ SNy | / Y 2 GISS-E2-R

29591 255 gl s o

@l sl 00b el (F) JSb 50 )8l s (sblio 5l 0)93 y0 aby adgl al>jo ol i IS g b

S yieS 215 51 (LS Lawgs (yno5 gl o ey b olS by 95 5I) by addgl als o 53 1ol b5 4 0l L

b S g e blio ) o oo YoV 5l ol 5l it adsl als po )3 3l )68 2 2y Jolye S0 4y o
Ablieo pite p)S 5 gl o8 bl 3 yio oo VY



aaly )3 )3 455l by adgl oy T Sl Cumdg gy F SIS

(8) JS5 > b 0y9 4 s RCP8B.5 (691 olusl ys 0] 0,93 y3 56351 wiby adgl als yo ol 5L5 il puis 2ol
cdb aaled il ab 0y 4 Cuns guybia ol 5L lade oanl (claamd 13 a8 sl LES uls ] ol jasie

ol 48,5 118 A0l 0,93 e & o (6 piiu aluold 51 (V05 A+ ) 0ui] 0,93 oo ol yasuio 45 Hobjlen

g SiS g aisye gblie I iy eliy] oS 3blie ) ol 5l LRl ude il aalgs I3 a4l o) 4 Cons

59“"6" odalin oD yud

Al [he 4dg) Ada ja )

RCP 8.5 (2020-2055) - - - - RCP8.5(2056-2090)

350 -+
330 -
310 -
290 -
270 -,
250 {4
230 -
210 -
190 -
170 -
150 L L B UL L LU \\\\\\\\\\l"\‘\\

EEi e e

°

/mmgl b

.\

AAJ.L.’-
bua

33 5550l et gblio 5 b 0y93 4 s RCPBLS lil y 00l 0,93 ;5 4650l sy adgl als o o 5L s 9 Blysail (e awyp o S0
!
[EP-

PRCPB5 (592l (bl 0l 0,93 4 Comms 0] (sl ;3 )50l by adgl dls jo 55 SIS w5 b

2 yiodn VIV 5l T 55 Lo (V-7 =Y +00) 053 3 48 a3 on 5 gulis sl o3 pasin () 5 (V) (sl JSC5



6 e (70718 0y 1 3 s o 55 5 £l o5 bl 3 o o V-0 6 S5 5 o Sl
&5y 3blie y yia duo YIA 51 o] 5L5 jlake 093 oyl 53 39 oo odlite Sle 090 4 s (6 yidin yiul33l 51
b e i 5 5] o bl )5 fa ke TIF b S8

Gblio 55 4l 0)9> 4 s RCPBLS olisl 5y (Y- Y=Y +00) ool 090 53 16531 05 gl alo o ol 5l Slis 5 Sl pliee s & S
ol 2 555l s

bl ;5 b 093 4 s RCP8.S Lolul yy (Y+08-Y+0+) o] 0,95 13 10551 0y gl dls o o 5L il yuuss 9 Blyosl e (awy o W SIS0
olxl 3 )l euss



JS 33 a0l 090 4 o RCPAS g i o oanl (slaans p3 56551 w)y agl dls po ol 5L Ol s ol

oy 4 Al 0y93 s (Yo OF-Y+0) g (YoV =Y+ 00) 0,93 ;5 ol L5 1o g )lws oyl 55wl o jasuiie (A)
Sy gols ol anlgd &) a8 wliols (g9l 4 Cuns o] b5 Ol Hlade .cdl dalgs (il o Lo A o ¥
(Y'QF—Y'Q') 9 (Y‘Y'—Y'aa) 092 dl).) RCP4.5 dy)L.w u»l.wl » D..\.ui 092 4 )5§J‘ ..\w) LS"‘A"'" 4.19-).9 L;’i )L.’

ol szt (1) 5 (V+) sl S5 5

Ay 098 Al g) Ada ya ) S RCP4.5(2020-2055)  -eeeveees RCP4.5(2056-2090)
330 -
310 -
290 -
270 |
€ 250 -
= 230 -
210 -
190 -
170 -
150 _‘_‘_‘.‘,‘,““;“““““_“ S L A A NS S A A
qﬁjﬁ,?ﬁ As*jj gjj = \%;;;’?—% kﬁ%ﬁh }1\{ 3{32‘;}43) ;»g‘??.\ j‘&%:—i; ’N‘{;\n\q\ 2
ST B Y R
¥

ol

bl 5 4l 0,95 4 s RCPAS Lulul y (Y+Y+-Y+00) osil 093 ;5 5655l 13, adgl als yo ol 5 oy g Blysol oljae oy A S0
Sl 9 9553 s



Sl 5 5553 i bl

295918 (ol po

22l 0593 )3 (050 sy b ol Lasgs (e el JolS” Sy Sl) )6l 3y e oy ol Sl SIS 358 s
b Glle o s 51 4l s 4y 59500 by e Al ye Ao ite yio oo ADR B o Lia OAF 51 T 5l
265 95wy b 53 ol Sl e iy S il o Jlo Jgbo 53 56500 05 0,99 5 sl Sl 5 (slole
il g

ol )99 53 )5l 1y o dl jo gl Sl Cmdy gy VY S



RCPB.5 (g4l ot il 0,93 4 e 0] (gloamd ;3 59531 1y Sloo als jo o 5l Gyl g s ol

G YO Cuiy s (Yo0F=Y+e) o (VoY +=Y-00) o] 0,93 p> a8 dmd o L5 zuls ] oas yasciie (VY) S5,

Sade 593 0] 093 )3 . dalyd 039381 ol )5 o) cusS bl y3 oSl My She Al ye > o LS re Jio O
A5 anlgs oamlie gl o8 (claoliun! )3 ol 5L b oyt Ded o oamlie Sle ounl I i o 5L

1000
3 900
— 800
%
€ 700
£
600
500 -
400 rrrrrrrrrrrrrrrrrrrrrrrrrrr1r1rrrrr 1111 r1rrrT rrrrrrrrrrr1rr1rrr1

BRrepae

Y

RRE R R iy S R S

a

AA_J.L.’-
A5
o

353

3959l oS 3blie 1> b 0,93 4 s RCP8.S Lulul 00T 090 )3 1651 13y Sl dlo o (oI 55 lyuss 5 GBlyssl lise oy VY JS0
Yyl
oR

W e (YoV-=Y00) 093 )3 45 3y L5 guls .awl ol yastie (W) 9 (VF) (la JSs p3 (Y-05-Y+4+) 4

SYR) 015 )3 8l a8l 1 oS g €65 oS Folie 53 e oe MY b S5 5 gy 3bls 13 st ke 1Y
bl ol il el byl s b canlie yio oo QA b o Lo £YS 51 T L5 Jlade (V08

3 b 0)93 4 Coms RCP8.S ol 5 (Yo ¥+=Y+00) oia] 0,95 13,6551 by Sleo alsyo ol 5l lposss 9 Blyoul line (uoyp VY JSWS
Oyl 3 sl cuis” bl



ol 3 s S gblis
ol e (V0) JS5 53 oanl (slaeyg3 (gl RCPAS (o)l ol o sy Sho dlspo T b5 @l s ol
03938 21 5L Jlade e e Vo g Ve Gl 4y (VoOS=Y+00) o (VoV=Y00) 0,90 ;5 a5 ol olis golis .l

Aol a e Alaga ) S RCP4.5(2020-2055) ----- RCP4.5(2056-2090)

1000 -

900

800

mmgs! L/

700

600

500

400

15590 S sblie D b oygd 4 Cows RCPAS bl 0l 0,93 1 6551 0y Sle dlsyo ol 5L @l puss 9 Blysal e (owyp VO JSWI

olel 2

9 &l yo bl ;3 o Lo 035 &T S lade (YeY-=Y+00) 0y5d 0 a5 ol Uil bt .l o0 jasuine (VF)



e dlo e o o e (Y05Y+2) 0y 5 il amlgs il glis) o8 sblie )5 sia e AR b g S
0393 33 by Sloo dl e o1 5L plply b dalss (I3l olisy] Ll b caslite o e AVA G 545 ) )
3 e o o5 pLI L )sSil 0, Sl als jo ol Gloj Billad & g L 8L dmls (R8I 40 093 4 s 01)]
& &y g i) oS 3blie 0 i 4 ol 5l e SVl 5 0 S Al e 55l A5, Jole 0o il st

IR ERVYPES

2 4k 0y93 4 s RCPAS Lulul o (Yo ¥ =¥+ 00) 0] 0,93 1 6551 4y (Slo dlsyo ol 5L il puss 9 Blysal (e (wyp V& JSWd
ol ) )5l s’ gble

b 0y93 4 Cows RCPAS ol 5y (Y+05-Y0¢) o] 0,95 13,6551 by Slio alsyo ol 5b5 lpess 9 Blyoul line (uoyp VY S5
olnl 2 ys%l cuss” bl



295wy (SLl als e

(VA) USs 53 (053 9 JolS ol B ogne ) (Su55lgid als o) 5ol sy b dlspo ol 5L (S @95 ubs
Noyg5 5 5S35 ady Sle Alsyo 4 Cons als ol A3l o pite i) oS b aiye Bbolie 5 yio Lo
odnlio gy w515 Ay g oy Jlad g Jlad o5y Jlad SIS g @iipe blio 3 (ol b o yieS bl e
S8l o5 sV (o 5 5] (olnsS 3blis anils sladials 5 lacads ol 395 0

b 039 53 )5l by Sl dlopo T 55 Cundg oy VY IS

el a5 st (V) JS5 53 RCP8.S Lol oais] (cloamd 3 16551 03y bk als yo ol il @i gl
Sinyge 558 gl 5l sl ady b (slal b o] Ballas s 40 5600 0y Sl abs e ol )3 &S 3 i ol
s yo ol L5 ke e Juo VA 9 iy 4 (Yo0F=Y ) o YoV A=Y+ 00) 0,95 ,5 o ol Lis ol sl o
ool g2 4y 0y93 4y s o] (slmand )3 0y S Al ye o 5l Dt bt b amlgs 039331 A3 UL
YRV 51 ol 55 jlade (VYo=Y +00) 093 ;5 a5 oy s gols .l oadyasiie (Y+) ¢ (V)) sl S ,> RCP8.5
Hlade (YeOF=Y+0+) 0)50 )0 .cdl Maled 1w el o5 bl jo yio Juo ¥V U S5 g aipo 3blio o yio Joo
S a3l oty odia] (sloany 13 0,8 amlgs Ly s o oo FYA L e o YVF 5l sy L al>jo ol L
02515 5 w8 Sl yod s g iiye 3blie ol dals &) SlnsS g e (2l il (i)l oS Gble )3
2553 0y bl dlspo 55 s gl g dialgs Iy blie K00 G (555 A 5L 5l e
093 ;0 &S 3 i gt .l sadyasuie (YY) JS5 ;5 RCPAS ulul p il 0y93 4 Canns o] (slaamd
05 dalgs 03938l )il Sy bl Ao ye ol Sl e e WV g ey (Y00P-Y A1) 5 (V4V -V 00)



adyougd 3 AU adage o) S oo RCP 8.5 (2020-2055)  ----rrrree RCP8.5(2056-2090)

600 -
550 -
500 -
450 -
400 | 4
350 |
300 -
250 -
200 |

SRR R R

e a'n 1 TR 373

S 3
Re ]

mmg) S/

ul);l )°

3 b 0y93 4 Cows RCP8.S polul 5 (V+¥+=+00) o] 0,93 15 59551 0y Sbb alsyo ol 5b5 lpuis g Blyol lie oy Fo JSKWS
olpl 33 )%l cus” gble



Al 3 5553 s sblio

Aol A Al s ja ) S - - - - RCP4.5(2020-2055) - RCP4.5(2056-2090)

500 -

- 450 ~ . i 5 i
™ x N ; ; S 25
== It kS h o g N 3
‘S 400 - ~ iy e :‘ ] E : ) \ ': \\ ‘:
E :' 9 B %) \ ‘ ; _- I\~ \\
v v

350 -

300 -

250 rrrrrrrrrrrrrrrrrrr1rrrrrrrrr1rr1r1rrrrrrrr1rrr1r1r 1T r 11T 1111111111711

Rt EIRY  ERe Coe b “&;fﬁ{“w PR

Nas
REN
“—

J

,.q

Ql:'u'l.a

.\
¥

950l S gblio )3 b 0,93 4 s RCPAS oluol 0] 0,93 15 59551 0y Sl alsyo ol 5bs lpois g Glyol lie ooy Y JSKWS

ul):l »

a8 3> s gubs .l oad asuine (YY) ¢ (YY) ola JSib 55 o] 093 )3 by Sbb alsyo I b5 Ol s gl
5ol 5l e (Ye05-Y+q4) 0,93 )3 .cdly anlgd s yio o VS B YEY T 5L jlade (V¥ -=Y-00) 090 ,
2 giye Ghlie auils i)l oS sblie )3 0y9 (ul )3 (al Sl JMe o YL Ol AnlgS s st Joo FYY YV
Jlods ooy 5 iy Gblio 53 o] (gloams )3 dlspo ) )3 ol 55 (S ol salss &) oSl S gblie
B> aalgd 2y 3yd g g (Brd ) @i (g g il Bblie g giye oS e0se



2 4k 0,90 4 Cons RCPAS Lulul p (Yo7 -=¥-00) oui] 0,93 ;3 56351 0y (Sbb als po ol 5U5 @lyuis g Byl lise (o) T JSWS
el 93 2553 S gholio

3 b oy9d 4 Cows RCPAS ol y5 (V+05-V+04) o] 0,93 15 19551 0y Sbb alsyo ol 5bs clpnis g GBlyosl lie gy T JSKWS
ol 53 550 et bl

W g ¥Y iy (Yo0F-Y+q0) ¢ (YoV+=V-00) o] sloand ;> RCPB.5 (g4l ;5 oS sy o )l ol
cod dS ob L sdd gilwdnds (sboodly (il puls b dales 63938l ax e By8 — S Gl g e dee
3 5559 by Jolpe (sl b oygd 4 s ol 5L lade oanl claoygd )3 RCP4A.54 RCP8.5 (cla (cgs,liu

loo)gd )y slagy s Cov A adsl doye )3 &S gyt il ali Ll ol o ol cuss bl



b sl sl maliEl ol 5L e dlsye p e o A g ¥ AY FIY sy (Yo 0F-Y Q4 ) o (VoY =Y 00)
1959 by 3l s po cpl Sloj et 4y dn g b sl amlgd mali8l b oygd 4 Cand oai] 093y Ady Sle dlspe
P s d gl b lae 5V g 0 e Adliee 6Kl 3y Jole 100 ) st ol Sl ke (Jls S pLIL
oS Gblie 3 oat] (slaams ) )oKl aby Jolpe )3 o 5oyl cp VL b dald ¢y ailye g eyl o 3blie
delllao gl > dalgs ) 355 L g (b > @iye (Pl g Sl bl g @i ST 0pE Jlad pd
5L 9 B0 iulisl g waldl s bl s cow oan] 090 (6,55 ;5 CMIPS (cla Jae (caiailys Jlas I o>

S 5 4o

O 85 B w0590 il 3 eS )50 0y Cilise oy (ol 3L 52 ol et sladoly (35 ol 3
b 5ol ady el Jolye o A (asuiie (Slye dludis Jdod (hgy b oS0l CuiS dmiiune bl lal jslate
Jdolye s el y (g9 ol B bl jd &8lg SLLS (5,5liS” Glados 850 0 Sl &)yqods BBCH | olids
5 ol j92,55la oy b dlsje duw cpl 3 (2T 5l g 05 S5 L g (S cadgl dloyo s & 46501 13 il
5 yoS s s 4 MRI-CGCM3 Jue cosiie sla Jao o 5l ol cowd 4 als yo o 4y bgyyo 2L oy
loand )3 4553l ) cilisee Jolye (af 5l asmlre gl o slaodls 3l g Sl S5 sl e & Sy 03
sy, ol b cp i il daled aalEl ST claamy 13 56351 ol 5L lise ol olis s A odla! S
Dy salgs ) elanyl o8 B glacis ails o &8l sble 5 Jle

S ol

GR35 3D OB w5 e
B gl e g plosl oS g o e plad ) By

Xdlo slas
5,15 Wl Ll by Sgi b bL3) o gablis S5 g oS 5 0 pOMel S insi

P g
L;’lij)l )Lf « p Yo C)I)9l‘) 9 )9“‘5 d"ulﬁ‘a’ OL").L"’ °294€ ‘JJ"’J% OL“)Lf)l?. )"0’l> Mﬁ)’ Fl?dl )» « ‘_gbl)é\ L_s"L‘” jl Olf'\:‘“‘i?;
oled e 13,05 5 1S5 Whodgy slerge | lie i

&be
oSl ) ool S sbybly s, ol il 3 IS ol S s il ssss il sy (WAS) Jelanl e
clg e S



e psle 5 Ll 1Sl (55 bl 5l 0 o G s el oS S oy (IYAF) e c(sdes]
S g S oSl

A1 ey A 55] S g walBl s 3 oy (WWAR) L Lo temmo (b 5 dpen 695 {sboul (o liLL el codl e
N Q=Y (FY) V) wlisdmnld] lo, ying s dloxo

e (oSl 3 @aldl i (Slagy )l o8 (59l @8l aadls bl (VT ojgaie ¢ 28 (el (L
https://doi.org/10.22067/j5w.v0i0.15299 AT ALY (F)YF Syl alms . 595y Lol >

XY =0V (V)Y ()5 0ne0 (slo jing s dlo . ye ng.b,)ﬂ

References
Abdi, E. (2017). Investigating the effects of climate change on the water needs of rapeseed in
Khorasan Razavi province. Hakim Sabzevari University's master's thesis. [In Persian].

Acharjee, T. K., Ludwig, F., Van Halsema, G., Hellegers, P., & Supit, I. (2017). Future changes
in water requirements of Boro rice in the face of climate change in North-West Bangladesh.
Agricultural Water Management, 194, 172-183. https://doi.org/10.1016/j.agwat.2017.09.008

Ahmadi, H. (2016). Investigating the effects of climate change on apple trees in Iran. PhD thesis,
Faculty of Geography and Environmental Sciences, Hakim Sabzevari University. [In Persian].

Alizadeh, A., Babaiyan, I., Nouri, H., & Nejatian, M. A. (2019). Studying the effect of climate
change on the quality of white seedless grapes. Journal of Climatological Research, 11 (43),
109 — 126 [In Persian].

Alvarez, E. P., Molina, D. S., vivaldi, G. A., Esparza, M. J., Lizama, V. & Alvarez I. (2021).
Effects of the irrigation regimes on grapevine C.V. Bobal in a Mediterranean climate: I. water
relations, vine performamance and grape composition. Agricultural Water Management, 248,
106772. https://doi.org/10.1016/j.agwat.2021.106772

Babaian, I., & Kohi, M. (2011). Evaluation of agricultural climate indicators under climate change
scenarios in selected Khorasan Razavi stations. Journal of Water and Soil, 26(4), 967-953 [In
Persian].

Bonfante, A., Alfieri, S., Albrizio, R., Basile, A., De Mascellis, R., Gambuti, A., Giorio, P.,
Langella, G., Manna, P., Monaco, E., Moio, L., & Terribile, F. (2017). Evaluation of the effects
of future climate change on grape quality through a physically based model application: A
case study for the Aglianico grapevine in Campania region, Italy. Agricultural Systems, 152,
100-109. nttps://doi.org/10.1016/j.agsy.2016.12.009.

Ceglar, A., Yang, C., Toreti, A., Santos, J. A., Pasqui, M., Ponti, L., Aquilaz, A. D., & Graca, A.
(2024). Co-designed agro-climate indicators identify different future climate effects for grape
and olive across Europe. Climate Services, 34, 100454. https://doi.org/10.1016/j.cliser.2024.100454.

Geng, Q., Zhao, Y., Sun, S., He, X., Wang, D., Wu, D., & Tian, Z. (2023). Spatio-temporal
changes and its driving forces of irrigation water requirements for cotton in Xinjiang, China.
Agricultural Water Management, 280, 108218. https://doi.org/10.1016/j.agwat.2023.108218.

Gurara, M. A., Jilo, N. B., & Tolche, A. D. (2021). Impact of climate change on potential
evapotranspiration and crop water requirement in Upper Wabe Bridge watershed, Wabe

Shebele River Basin, Ethiopia. Journal of African Earth Sciences, 180, 104223.
https://doi.org/10.1016/j.jafrearsci.2021.104223

Haj-Amor, Z., Kumar Acharjee, T., Dhaouadi, L., & Bouri, S. (2020). Impacts of climate change
on irrigation water requirement of date palms under future salinity trend in coastal aquifer of

Tunisian oasis. Agricultural Water Management, 228, 105843.
https://doi.org/10.1016/j.agwat.2019.105843.



Hejabi, S., Abbasalinejad, Sh., & Dolati Baneh, H. (2019). The effect of climate change on the
phenology of the white seedless grape variety in West Azerbaijan Province. Journal of Fruit
Research, 4 (2), 43 — 52. [In Persian].

Hewer, M. J., & Gough, W. A. (2020). Climate change impact assessment on grape growth and
wine production in the Okanagan Valley (Canada). Climate Risk Management, 33, 100343.
https://doi.org/10.1016/j.crm.2021.100343.

Humphries, U. W., Wagas, M., Hlaing, P. T., Wangwongchai, A., & Dechpichai, P. (2024).
Determination of crop water requirements and potential evapotranspiration for sustainable
coffee farming in response to future climate change scenarios. Smart Agricultural Technology,
8, 100435. https://doi.org/10.1016/j.atech.2024.100435.

Jagosz, B., Rolbiecki, S., Stanchowski, P., Ptach, W., Langowski, A., Kasperska, W., Sadan, H.
A., Rolbiecki, R., Prus, P., & Kazula, M. J. (2020). Assesment of water needs of grapevines

in western Poland from the perspective of climate change. Agriculture, 10(10),
https://doi.org/10.3390/agriculture10100477

Jia, K., Yang, Y., Dong, G., Zhang, C., & Lang, T. (2021). Variation and determining factor of
winter wheat water requirements under climate change. Agricultural Water Management, 254,
106967. https://doi.org/10.1016/j.agwat.2021.106967

Liu, Y., Lin, Y., Huo, Z., Zhang, C., Wang, C., Xue, J., & Huang, G. (2022). Spatio-temporal
variation of irrigation water requirements for wheat and maize in the Yellow River Basin,

China, 1974-2017. Agricultural Water Management, 262, 107451.
https://doi.org/10.1016/j.agwat.2021.107451

Masia, S., Trabucco, A., Spano, D., Snyder, R. L., Susnik, J., & Marras, S. (2021). A modelling
platform for climate change impact on local and regional crop water requirements.
Agricultural Water Management, 255, 107005. https://doi.org/10.1016/j.agwat.2021.107005.

Pizarro, E., Galleguillos, M., Barria, P., & Callejas, R. (2022). Irrigation management or climate
change? Which is more important to cope with water shortage in the production of table grape

in a Mediterranean context. Agricultural Water Management, 263, 107467.
https://doi.org/10.1016/j.agwat.2022.107467

Ramos, M. C., Jara, M. A., Rosillo, L., & Salinas, M. R. (2024 Effect of temperature and water
availability on grape phenolic compounds and their extractability in Merlot grown in a warm
area. Scientia Horticulture, 337, 113475. https://doi.org/10.1016/j.agwat.2021.106772

Sun, B., Wang, W., Liu, G., & Li, H. (2024). Projecting the impact of climate change and elevated
CO2 concentration on rice irrigation water requirement in China. Science of The Total
Environment, 912, 168489. https:/doi.org/10.1016/j.scitotenv.2023.168489

Xiang, M., Zhang, S., Ruan, Q., Tang, C., & Zhao, Y. (2022). Definition and calculation of
hierarchical ecological water requirement in areas with substantial human activity—A case

study of the Beijing-Tianjin-Hebei region. Ecological Indicators, 138, 108740.
https://doi.org/10.1016/j.ecolind.2022.108740.

Xu, C., Lu, C., & Sun, Q. (2021). Impact of climate change on irrigation water requirement of
wheat growth — A case study of the Beijing-Tianjin-Hebei region in China. Urban Climate,
39, 100971. https://doi.org/10.1016/j.uclim.2021.100971.



