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In this study, we examined the impact of climate change on the virtual
water content of key crops in Kerman province for future periods.
Specifically, we utilized the climatic data from the HadCM3 model under
the RCP4.5 radiative forcing scenario. The model was calibrated and
validated for the base period of 1991-2011. We predicted the precipitation
levels, as well as the maximum and minimum temperatures, for selected
stations from 2011 to 2070 using data from LARS-WG. These predictions
were then compared to the base period. The virtual water content was
calculated for three selected crops: alfalfa, barley, and wheat. Our
findings indicate that climate change has a significant impact on
evapotranspiration and the performance of these crops, consequently
affecting future agricultural water productivity. As we project an increase
in average temperature during the growing season due to climate change,
it is worth noting that the maximum temperature parameter will be more
affected by this phenomenon than the minimum temperature. This, in
turn, will lead to increased water requirements and plant evaporation-
transpiration during this period. Our research also reveals a decrease in
precipitation during hot seasons and an increase during cold seasons
across all study stations. Notably, the virtual water content for all crops
studied demonstrates an upward trend, with barley and wheat showing the
greatest average increase in the future period. Specifically, the Kerman
station exhibits a substantial increase in virtual water content for barley
and alfalfa products, at a minimum of 30% higher than the base period.
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Introduction

Agriculture is the world's largest consumer of freshwater, accounting for approximately 70%
of total resource use. Given these issues, the strategy to address water scarcity in agriculture
and increase the water productivity of the product is very important. In order to combat water
scarcity in agriculture and meet people's food needs, it is necessary to estimate the actual
amount of water consumed by agricultural products. On the other hand, the ever-increasing
increase in greenhouse gases due to industrial growth, land use change, and environmental
degradation has caused the temperature of the Earth's atmosphere to rise, and in addition, has
affected other climatic variables and caused the phenomenon of climate change. The term
"virtual water" was first introduced by Allen. Estimation of virtual water import and export
on an international and domestic (provincial) scale for optimal use of water and land
resources of the country based on the potential of each region can be considered as an
effective solution. Domestic virtual water trade with optimal use of internal resources and
capacities can reduce national water consumption and increase the production of agricultural
products. In other words, virtual water is the amount of water that a commodity or
agricultural product consumes during the production process to reach the stage of
development, and its amount is equal to the total amount of water consumed in the different
stages of the production chain from the beginning to the end. According to the importance
and results of the research, in Iran, due to the extent of climatic diversity and the prevalence
of agriculture in these regions and the limitation of water resources, it is necessary to study
the virtual water of agricultural products and evaluate climate change. The results of various
research show that climate change will take place in Iran in the future and will certainly have
consequences on the environmental, agricultural, and water resource systems. Therefore, in
this article, the effects of climate variability on the amount of virtual water of agricultural
products (wheat, barley, and alfalfa) in some cities of Kerman province in the future have
been investigated using the LARS-WG statistical microscale model and using the outputs of
the HadCM3 model under the greenhouse gas scenario RCP4.5, which has not been
considered in previous research.

Material and Methods

Kerman, Bam, Sirjan, and Kahnuj were selected as the four stations for this study due to
their common statistical period and cultivation of similar strategic crops. The meteorological
data from these stations in Kerman Province, specifically Kerman, Bam, Sirjan, and Kahnuj,
was used because it provided complete statistical data from 1991 to 2011. In order to
calculate the evapotranspiration of alfalfa, barley, and wheat, the meteorological information
was utilized, and the Hargreaves-Samani model was employed to determine the daily
potential evapotranspiration. To evaluate the feasibility of generating and simulating future
meteorological data, the LARS-WG model was utilized. The base period for this analysis,
which included data from all stations, spanned from 1991 to 2011. Consequently, the years
1991 to 2000 were used for measurement, while the years 2001 to 2011 were utilized for
model verification and evaluation. The LARS-WG data were then utilized to predict
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precipitation as well as the maximum and minimum temperatures for the selected stations
from 2011 to 2070. Lastly, the virtual water content for the selected crops, namely lucerne,
barley, and wheat, was calculated due to their strategic importance, large cultivation areas,
and the availability of comprehensive statistics in the study area.

Results and Discussion

According to the results obtained during the period of 2020, the maximum changes in
precipitation, approximately 8%, occur in December, whereas the minimum changes occur
in September and July. Moreover, in the period of 2060, the changes in maximum and
minimum temperature compared to the observation period for the given scenario increase
from June to November. Based on the obtained results, there is an increasing trend in the
amount of evapotranspiration for the studied agricultural products. The largest increase in
evaporation and transpiration is observed in the lucerne crop during the second projection
period (15%), while the smallest increase is observed in the barley crop during the first
projection period (3%) and in the wheat crop during the second projection period (7%). The
amount of virtual water obtained for all the studied agricultural products also exhibits an
increasing trend. However, this increase for the barley and wheat crops shows an average
increase until 2070. For instance, at the Sirjan station, the amount of virtual water for the
wheat crop will reach 4.8 m3/Kg. The amount of changes in the virtual water of the barley
crop reaches 4.9 m3/Kg, and the maximum amount of virtual water for the lucerne crop will
be equal to 1.2 m3/Kg.

Conclusion

The findings of the present study suggest that climate change has had a significant impact
on the evapotranspiration and yield of alfalfa, barley, and wheat, thereby affecting future
agricultural water productivity. While the average temperature during the growing season is
projected to rise as a result of climate change, it is anticipated that the maximum temperature
parameter will be more profoundly affected than the minimum temperature. Concurrently,
plant evapotranspiration, yield, and profit are expected to increase during this period.
Rainfall, based on evapotranspiration, transpiration, irrigation, and precipitation, is also
predicted to increase. The virtual water content for all crops examined is expected to
increase, with barley and wheat showing a greater increase on average in the future. The
most substantial rise in virtual water content compared to the base period is observed at the
Kerman station, with a minimum increase of 30% for barley and alfalfa. Overall, the results
of this investigation indicate that climate change will have an impact on the production of
alfalfa, barley, and wheat, as well as related activities in Kerman Province. It is important to
acknowledge that selecting a product for optimal cropping patterns should not solely depend
on low virtual water content. The specific conditions of the region and the compatibility of
the product in that particular area must also be taken into consideration.


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

3 & rrea-vyr s b L
TOAA-M\TA :‘g/-fl(gb L;,ﬁ &%

https://jgs-khw.ac.ir/

. ;).;’ lg'.’

Ol liwl yo (£l)5 @Y guamo (B 3kxe O (yl5mo 3 waldl Hlugs Sl T gy

T opand oiipo " biie Jadllgl HT 65 00,80 )5 Slalw dnow ¢ oM pllodeze

1oy ool gl (8,0 (58, olEENS (s qalio g (659l oASLESNS ( LESB) g 5yl byl ol )5 A gol il )
mohammadsalehekhlasi@gmail.com

40l Loyl pl 8yl (58,1 oGS (srumb &l g (§5ygLinS 0uSLils (o cwiie g pole Uil (Jotommn ouiums gi .Y
ssoltani@ardakan.ac.ir

9 51 ol oSy — ol pl (50l (53] oIS (crmb 2ilin 3 (553l 0uSNS (T (ot g pole jlokiul o ¥
aazizian@ardakan.ac.ir :aebbly ¢yl ¢yl (yl8s )l olils « s jluxo

M.gheysouri@Ut.ac.ir :aebbly . ¢yl coyl s oyl oo oLRuidS ¢ b 2slio 0UKUGIS (g 510 s (6 358 (G gl .F

oluS> Al oledMb!
S 51yl (€155 Y pazo (S 0 550 OF Gl 2 aldl lwgi wi Gaions (5o alie £
ool 51 yebiio cul (gly )5 51,8 (o) 20590 ST Glooy90 sl loyS il 5o g 4l

b oolawl RCPAS  Jiul cullolg (99 )Uow wxi HAACM3 IS 00,8 Jowo  oouddl

Joo ST soygs 1o (wliblgn sbosls ilwand g udgi (Kol wyp Cus
5 sl yellS (1881-Y11) w0590 (ol s ks 4,5 IS5 LARS-WG g3 o poledin s 5

(b Ol (ledelio ) Joo gbrosls &1,k 5l .S ell Juo olojl (Gl
9 (S ‘5031*0 Ye))-Y.ve. 6"““)5‘5 ‘5|).3 L 54V ‘Slbo'f" 3| douoS § Aol 6"“‘5

9 9% gy Jold oo WY game 6l 63lm0 O Gl5me 0055 s lio 43 0590 b
29bas maldl lugi oy a5 Conl T 51 (Sl polo gl LS b dnwle puiS
93¢l g 0392 5105 51 axlllaod yg0 (o815 WY guazs 3 Shos «§ % — il 1 (5510 e
Sbos (xSile 45 Jlo 3 .31 aalgs 15 3T o oaisT 5o 1) (6559l T (5590 ¢
it Lo iy kol g (Bl s o33 maddl lusgi 53l s ouia Ty sy Jud
3 2 3L Egdg0 nl ljlgeds 9 C3 )5 walys 1,8 oay cnl il coni Lo i
Gl Gl 5l LS By pr (raiaod b o0 il 380 0593 (50 oL B, - pusd
Dyl 1y (e (Lol golad 10 & s Jguad j3 (T Gal3dl 5 Jw 0,8 Jouad 5o
ol g ol (]33 andlland ygo LS Aok (6l y ool Cawdds (g jlxo O ol yuuds' (] juo
595 31 (6 it G391 0y T 090 30 Lauwgio j9bas puiS g 92 WY guarmo (gl i3
OloyS olluml 50 Al 0593 4 Camudd (53lm0 ST (3l 3w0 (381 o i B3 o0 (sl

Wb o0 LY Blas ojlusl 4 axigs 9 9 Y guazo 4y bgs yo

wedlyo &yl

A ERTEINAYS
8N &b
YENeVIY .
iRy U
VFeN/ea/e)
L oy 0,0
VFeN/ea/e)

AR 7ARVER]

ojlgunds
«silre of
olo,S oyl
By
a8l LS
b cllolg

YE)Y YO o oldliz pole (60,0, 05 Clicizi . ) ,S (bl jo cly; OYgame S5 (s5lre ol Ole 0 ol

http://dx.doi.org/10.61186/jgs.25.76.20

YY--YYY

O o lem oty 15l



http://dx.doi.org/10.61186/jgs.25.76.20
http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

1PF jlgs V5 oylads oy 9 Conny Sl (2 b/t p5le (5000, wliixi YVF

doddlo
ol SRl st 3T Aiafls s sl (sapims i 5 ool ois 555 b laios i St 33t
Golub gl wal anily oS lug S Bpas LIS IS 4 1) boslyd a5 ail oo (55,5liS DY gamxs adgs
5 eliwgy) amo las g3 5l 6 in Bllasil o8l Sowaly 5 SLSU Olss Jlie jo 5 ail Sladyy jo o i
Spas JS 5l aops Ve dgam oS Cuilis 53 (et Of 0aiiS B pme 0 585 leeas 65,5La (0 F- - ) ISen
S ol 83maS 4 St (5t T Bl ol 1 4 V1D o 5 ) pls) 38 e Jo5 1 ol
5L Ol 5955 055k (65,5L8S 50 ol 0geaS Ll aSul sl il oo i o Jgae ST 5l 65000 Gl 5
0353585 G o5 e 38,5 8,500, 55,555 Y gama g pe o el e el 18,5 s | 80 i
O3 5055 phmeadl Lod (ol s Sanjlae 055 5 (S S ) st clie 0l s 4 IS slasls
5 Ty ) sl 00 @aldl kS oy Sp rge g S edlil slayite ;o0 cpols 8 b e T 1
Olpess a5 Sl odpwy aos cpl 4 olergol Olss oo o e bl G515 eemey (Y VY (S
et (VA e 5 Toil VA IS 5 T L) sl sl e o e (o BB Sl sl lsag]
35 ik ey 5 S8 ke 5 s sl il a5 515 o olie i 3 ol 452 1 (i b 5151 ol
Elie Copde do e 50 GSI cnl ply a5 05800 DUl loj 5 Do e 40 ysS Sl 5 g (e 0,5 i (3ble
Sl weldl s 4 azgi 3 gladle o (VoYY (e 5855) 0,51 walss S92 5 4 (ks Diees 5 Y5 O
ol 5 o slac lus 5 elain! qsolaidl gladelsy azets | o] olgise 45 Conl 00,y (53b; aanl T 51 L0
pac g slen] SV5 LaalS ol g3l VY (5t 5 00)5 (gjlomm) sl asldl ()5 (slaslagg, 4 bogs e
a0 gl a3l s (6,10 0,0 4 e a5 diited lelse 500 51 e ol slro i g baglesul o 4ydas
o j90 Epo90 (n el Ol e Sy e i Ve 0 Jlo B oS cosl o5l (S bl nl o gy S
el 2 ToTD o 5 00 gl slo st ool 2 555 Ol 5555 w39 a3 oler 0TS sla,piS o
OF e Glojpd g oloytese) al walys adlol wilaxlge ol 89S Comdg b aS slojsis

e 10 Gile Ol Slolo g @lsyly 5,51 008,85 LI (VAAY) 7T acwgas Jb gl sl ole Ol 03l
Gl oo alaie ;o il Golul 5588 S0l mlie 5l atgs oolinl (gl (Gbwh) 65545 09,0 5 Hollo
loced,b 5 mlie 5l ag ool b gilme O (6,585 (950 Sl 0,5 518 Slaiae (iou il el Sy lsiea,
il ol o0 leas s (38l 1) (65,5lis O game Sladgs (i 5 ol b ©f Brae 5l wlg o J1s
o] e 5 ey JolS5 4l s 4y 5 S o G yme s Azl b (oo (63,5l 005l 5 b WIS S, o el o ok
a5 o 53 5o b 12 e G B 35 abiod il oy il e 3 e ol S e Jolas
O S 50 5 90,105 (S 58 0929 led Jpame j0 g anld (b e Bras Ol sdes (isu 45 Casline ol
Silme Cdo Syl g 435 ile sz (BL Jpame il yo Bly Of plyieds (L o (Brae o 5 650z L
(St b g mell Ll o e iy 45 el o i o e gndly o ASLy s gadly ek (glina
calisee 3blie ;0 YIS G 0550 50 o Hlade 5 sl 350 YIS a8ly OT oo 5 3500 50 (633,800 5 g o e g5 )Se
VoY I asb oo Sglie o>

1 Duan
2 Hirwa
3 Baki
4 Zhao
5 Zhi

6 Allen


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

Y\o OB 5 U | ... gjlmo T (im0 st ol o lursd i g 50

P ol g gl o 5 ol yasis JUr 55 bl £y Jlr 53 Sl iele S oy 5o iy 5

Slodarie 3l Cod a5 Wil g (omliblyn man Sl yite | (Ko By pe3ed 30 olre 4 1) (55 i Sl L
Om Lo b3 oaisSolml @dly 10 9 9,5 o0 )3 @it 5 Cugb; oo b 5l (culidlen layal )l 9 S alS
ol ogdle 28,5 aalys )15 bl s 3T S 6)lgan 50l i on gmma yinnsl g na) 05 e slaglel
AYAA odss g (5)00) am3 g0 )18 b o | ¥ pama o Slae a5 Cel o el (2 s 31 (S 35 s
W85 D50 pgas al ;o oS (Sl Slided 5 gedge D)9y0 5 Sl a4z L (VY LS5 byee 5 (Mo
el 15,95 52 (slosng Sl 5l (65,0LaS Y gz gilome O plie p (conll Sllugs (glailaie 5 oo T o
w ol Eyh 0 Shae sy (T41Y) oyl5ed 5 "ol e (gl sl ot plowl ol 5 ol po lalllas bl ol o
s slaily @3 s Sles (gae )3 VY als ciagh opl ol sls )8 cw) 50590 Jiy jo ) mulBl poss slags L
5 055 puiS) ooz S Jyame aw O Ol 505 G3elim smelr GUTL (VYD A Sen 5 (Jo8 (izpan
O Sl eelyy DY game adsi gl ol GBS B pas 0 YL 4S5 wiidl Caws aze S cpl s Lo j5aS YN o (i
5 e A0 0l same VLl 0iS (gl (g did S el camie VLT (gl 5 a5 )10 595 1 5 Ol il Sl
Jyame ol s, (VT e s Te¥sSs i s (ol Ty ooz @ sl QLeSh 5 oz i 00,3 sl i
Sy g0 SYgaze cnl SIS cBlS ols lis 3aiod 4zl 0,5 oy ) allate )3 (K az5 5 L5 (65 5laS
(VYD) ohen 5 1Sl sl ddlate (l po 0l 95005 5 sl Sliess Lo )les sl (o0l pladl Sy (s,
1055 99y SIS (Sly Oliee 5 (on 1y ez 5o okl ol 50,5 ailsog, Glds (e )l ) (silome o oo
alog, s jo ) ol mlie 95eS (gile ol &jloxi a5 ols lis Glias gl wis )5 Sbj)l )6 o mlie 4
ol Slholo idu o imte §53lS Lide 5 Caol oo Sy 5l i (g5le O Slyolo 1) S o waldd o)
Hohateds g el a8l 2alS YNV B Y- oV 5l 00 Ol sbs, a5 wils olis (Yo 7)) VKoo g g o aslids gjlbxe
5508l 5 45 ol 11, T e sl e 5 ¥ pama il 054 o (5o K8 (5l alS
OLEs (Vo ¥Y) ol 5 7 J o 0500 955 e 5 g ;0 1, Ol e (590 00 b Jlo e 55 5 008 35 i s
L omes @b 5 505l @l Capise gz (S 5 Sis e Sl s b aneg @il a5 wisls
oS (5,08 yluly dmegs Gl 5 (5liS O 9geeS ialS 4y iy a5 WS WLl (Jae 5 amo e il
Olijss Ol (65,58 SV game (3lme o (e eeldl Sllogs ST L5050 OYAY) (3l ceSs 08 o
g )liw don )3 5 e Gloollil don ;0 (2Ske jsbos Lod (liee 1085 a2 CBloly lagy jlow Co
oled gl sanliwmsas gile Ol Gl b o 2alS ST sloeyes 40 5 (o)L xSk Gliee 5 b oo (il
by 5 silme ol byl 4 OFAY) ol Ken 5 (S 55 coumy )l (cal38l 0ig) anlllans 50 (55 )sliS” Y goarma
i <Egaze 3 45 3l i ] Bains gl Al 5y e il 7S dall i gd 0 (53,5l Y g ]
38bas Ll g oo Jolis ) ol shoy ggomme woys o5l Gty «otS 05 lageej 6,82 FA- gl I (o
3N 5 g bl Glagssy 5l esliul ;o ()5,5liS G5 jslateds mass Sleas ALl L 5 005 ol lag)]
9 b idde wols als (g 1) Gl e 5o @ (ST sbo) wld oS g0 bl SVgame b ol SYgaxe
a0 VY B ax,0 < /0 5 ol pl ) asdllass jge adhain £ 0 10 Lo ST sloo,go o aS wisls lis (1WA9) )]s

"Yang

8 Foley

% Nikolaou

10 Zhang

1Yy and Ding
12 Li


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

Il V5 0)las oty 3 ot Jloo ot lilpin o3l 50,15 liin Y\$

B OF ) Ken 5 405 5 ae> 05,5 o0 lpl it slapaldl jo SYsame o] 5 jew of b, Sl s
o8l slogy L 5l ol gl 30,8 (w2 ) 0layS 2o 53 (s 2 Slblogs  oeldl ot i slagy )l
VA ANFEA e o oL o5 il a3 VXY g VYY AN e a0 Les a8 ols oLias (VWAD-VF-) ST o9 50
gy Ll (sl )8 (gio ) o mhams 515 lawgie 5 o33 RCP8.5 s RCP4.5 RCP2.6 slags ,liw ;5 oo YAYF 4
ol (VFe ) ole )y b oo 2olS e VIYY g VIVE 5 VIV e a0 s 5 4 O] v 515 4 cus 1oy 50
S,k g ialEl ol 5 il a0 /8 sga eai] Jlu Yo b )0 05500005 uiul asg> sles awgie jgbay aS ol
ool g o8l 5o b (6,55l o ot sl ylae les 5l 5 050 wrles oy el ws )0 VYT sgus 5 abg>
2 850laS glyy g ool g5 (TS 4 az g b g (lpl S O)g0 Sla@ind @l 5 sl 4 azg L
Sligiod gl oo p3Y el s b5l 5 65,5leS DY same silome O oy vl @lie ysgazme 5 BbLe
Sratans 13 obaely 9, coge lkuas 5 28,5 walsd Sigo Gl 5o oan] o vl ds wes e lis Cilise
Sl T e 2 gorldl Slliogs SIS ) 4 allie ] 55 (ol s sz OT lie 5 (55,5laS ¢ ooy
Slod by Jae 5l eoliial b oasl 5o (o) el Gl ypd iz )0 (g 5 92 i) (55,5liS Y gams
e PO,90 RCP4.5 (slabls 35) e lew o HadCM3 Je slo 25,5 S Bl LARS-WG 6)L‘°1
ol 48,55 1,8 4650 50 B Olaass (o eSLaS 3,5 I3

T D)

axfllaod jgo adlaio Coxdgo

o] Jlez cpl Sl o el Z5S 5 Gl oo (Lo, Jolis le ST bl o] oz daslllacs g0 ddlaie
03595 ;0 yleyS liwl Ll oo alice ely; SOl Y game ClilS 5 S e g5lel 050 Job o 1l
OO g4z, V0 ¢ (B, Job 4830 VA 5 a0 0 L ag B0 V¥ g ax 10 OY o 9 635 0 O 5,0 g oldl e
olis 1y asdllaes jse glaylin s g ol pl 5o le,S liwl CasBge (V) Ui o)l 8 Jleads oy ax )0 YV U aids

.JJDOGQ
Pisiss Pisise Aisivs Yoseves
Posose Pocece Acosse fososee
axdllaos yg0 (b liw ot 9 (5l 59 plo S (liwl Camdge (V) U
oW, g


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

YVV OB 5 U | ... gjlmo T (im0 st ol o lursd i g 50

G (9

Jol Jdo a5 7545 5 ol o lo S o] dox 5l cyle,S liwl mlaw jo pwliblse sbaolSiws! slaosls
Sy9liaS Y guante 5,25 g e dewlore jelateds 30,5 soliiwl YoV ) 5142Y Jlo 5l ale Ve (g bl 0,90 Jsb )09
535 3,5 9y Joe 5l g o eolatal (pulislee Sl I Gl 08 Jlez nl 50 0k adgs paiS g 92 caxigy
Glosls (giluared 5 wdgi GGl (o) gz 3,5 eolinul alliy, Lty e85 S arelre Gl Slle
Sg>g0 6&00‘0 u.ul_..ulj_a ¢\_|Lu 0,99 O eolaiwl cLARS'WG @L@le...a.a).') JJ.A )‘ @T LSL‘M)B‘) e ‘5....1[......4‘5.@
9 L5>L'_MJ‘5 L.S‘)—' Yooo gf” Y44 G)La] (SLQJ[—AAJ 5)0_" )‘ w‘ ARRR] kf” Y44y LSLQJLM: aLﬁbOlin‘ dod
LARS- slasols 5,k 5l .oci solawl Jaw obj)l s obejl ciwly lm Yo 1Y) o)Ll Lol
005 miier e YNV Ve (glaoygs gl cotiie lrolfin] diaS 5 atidiey sled 5 L)L olie WG
S g5 ks (GYL Gl « S5l Sl o 45 paiF g 9> st Jold ciiiie S game sl 65lre Ol l5ee
!l ol oolanul LQ:)M u,‘fol.‘.o ).:ol.p.c wLw‘ » \AM

/z?zl(oi—mz
NRMSE="————x 100 (V) aka,

MAE:Zf:ﬂii-Oil (V) alal,

R? = [Z?=1(Pi—P)(0i—0)]2
S, (Pi—P)2 ¥ (0;-0)?

(V) abasl,

Cmwlrosls slass N g Slaslice (. S5kwe O ooy coyies polae 3o Picoddionnlice polas o5 O ol joaS
YoNVY T 000 50 (sly ciiie (glaolSin] dieaS g dinions (glod 5 byl (glaosls qoaldl ks Joto (glaools 3,k ;|
Sl owliilgn slaosls awl Caws 4 5l ot @e (Yo P+ Lawgie) Yo Vo=V 0e o (Vo V- lawgio)
59550 Joe 5l ST sloeygs po Jaisyge Jeuily )85 5 e (e Gln 00d (Smibe led Sl ST sl
Olie «(F) abal; 4l 099 )0 Jpazmo 0,5ee 5 35,5 5 w3 oS dhal) 4 a2 b G 00 5 oolial Slels
3bme Sl Ol Buleg 5 ol s 4 (T 0393 3553 5 e il @ Sl ped 2 50 ST 0599 53 Jpame 3 Shac
035 deulre (ST sloo 90 50 alide DY paze
Y=aET, +b () alal,

aoles ol calp2 B 58 5 Grohe) Jgamme 3,25 5 258 BT (LS 5 0)55LS) Jpame o Slae Y (Fakay, )

Gilee T g Slolw g 350,51 Joo
Slp Jdo eed 4 g 0l 0o S Sledbl 4 (55L5 allyy, 3,85 g S ale Gl 385 g S Jow 0l
o alaly & soa u,_iLAL,J 39055, Jow .l ouds Gl b ol 50 6,leS DY same § e g el dwle

OG0 (S

13 Normalized Root Mean Square Error (NRMSE)
14 Mean Absolute Error (MAE)
15 Correlation Coefficient (R?)


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

1PF jlgs V5 oylads oy 9 Conny Sl (2 b/t p5le (5000, wliixi YA

ETy = 0.135KR,TD%%(T + 17.8) ©) 4k,
Kp = 0.00185TD%5 — 0.0433TD + 0.4023 (%) aba,
TD = Tiax = Tmin (V) ak,
ET. = K¢ET, ) aba,

Wl 5 6l 450 o p H150 590 0,90 10 I9a sles Blox 5 jiSTam oS5 4 TMIN g TmMax (A G o) Llg, ;o

o KT el sl LB ails; & j9u0a 9290 Lailyy b aS 59, 1 goyeyie 2S9350 s (ol b R

)914..644 A:]‘so Cwd 4.)9.§LS INg O)Lo_.i} 4.:)_.».) )I aliseo UYM 6‘;: 9 Sl (ﬁAL‘f w)_.o KC Sl @M.J
LY VE oS 57 5305) b oaliitl 1 abal 51 3o el 5 (65,518 g (s jlome o drnlna

vwe = = 102 () ala,
P Y
Ol Y g outS b )0 Jyame 305 5 i Gl BT p SobS con 2 Joame 05 (lie PicaaSo o o
5598 Sz 5l bwgie jsbay SV gazs adgi e el JISa 0 0SS s mlan wly 50 Jaze )
20,5 dwle )kl sla b jo S¥gama 51 G e gilbre O e 9 s 5 33 Gle,S !

el i (LAl clloly (g2 )L
43,8 18 i oL g Lo Uk as 0,5 ooliiwl )lg co Lorin couldl sloasli | wl8l s (o5l i e
Lol )99 s (sl Les e (5l (55,5LS DY pame 5l o (e 2 waldl et Sl (o solatedy oo
e slaJos Ve agee 50,5 sloJae s )5 solail LARS-WG  Jles pwlidies, Jow 5l 9 HAOCM3 Jow
Sl 3 (25458 o o ) S o et 1y nn s 5 gl il 3 (S laal 8 o st
sl Jow g4 5l HIACM3 siiin IS slojl5 clale aoli8l & o Sloz o8l piiacew 2551y (5 5lwancds
] 4.»_9[) 4:.»;5.: 9 ‘f‘).b k)““'li" LS“’L""J‘?E ULA)L» U;L)LQ )S).A BEE) Cnl Uw}.’l.d‘ -S> 04 C/&} (SOFeE wé)f
)‘ ul_».».o.b‘ )l o= ] 00 r:l.?u‘ (Y‘ v ) u‘)&o@ 9 Huy 9 (Y’ v ) U‘)M 9 \AO.)); Ja.wy J.\A U"‘ M}v
505 b,y Gl Jae ol (emlidlsn slrosls (gilwan s jo o bl 5 Joao o)l mls oo
Sleslawl b ST sloe,gn 10 a8l sloosls (g5lwans L ools adgs 3 HAOCM3 IS (55,5 Jos sleesls
RCPS (slag b gl 51 cond8l slo oo o Tl plsagol it (dsd cpm ciud al 090 (coddl (550 Lins
Syl S o soliiul Lol (605 Sl g la Sogll e g slasldS slajl5 Ll g cdale ol olis sl
Slascin wlol  aSY/E 5 510 & MO 15l Wl ,le lag bow (pl a5 Conl caliee 5405l o> Jolis RCP o0lgils
s 4y e wilgs o byl ye y0 a5 Cll sanl jo b ciwlas (oolaidl g cloixl Condy (559950 pdaw Dglaie
-tz glaasiul 3 Sl Jols bl ulul plags law (pl08 5 il Ol s 5 S sla 8 &glase Licsl
aS RCPA.5 (g4 ,Lew jo ailoas >1,b j0 ool slaans sl bajl5 S cdale i fuied § (5595555 ¢ golasdl

16 -Zhao

17 General Circulation Model (GCM)
18 Gordon

19 pope


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

Y4 OB 5 U | ... gjlmo T (im0 st ol o lursd i g 50

Py Canl ool 005 (pesd pl g PO YV Jlo b ()8 sSTles cdale e el a3,y IS 4 ados (ol 4o
el oY) u.».o.’?r.’i é}).d).o.o » u_)‘j AN |) LSM‘"L’ Lglﬁw‘&‘g » Lg‘:bl?df 6L¢b}f

Lars-WG5 Juwo gl

g oSl g5 g P-value polie g oo, Vv slaiel ghaw as az>g L Las § (5, sl yuiie o S ¢ ol
o] 5> aiged sl (V) gz 5o goedyss (b g Lo aiiin g aneS (3L loelil 61, LARS-WG oo
leools sl Yz slag jo5 dnnlio o oo ounlive a5 jsb Lo .Cawload ools (LA Y-V =V V) o3L jo LS
255l G G5l 55 g3l slive Gl 9 ST 5 JBlus (slos gy (b (glonalie 5 ouds 005 (a5
oius! o ouls sdnlive slaosls g oals (gilwands slaosls GVlaisl a5s8 o gxe BN 3925 pus 5l S
Gloosls Ylazml a5 Cesline ol (410 5 +/+ ) 5| 5SS polia) P SsS S polie xbly o .ol dxlllass jse
Ol 5 T giam) Sl s Jow o Shee NN § S dilie (28ly od8l slrosls b onls (giluas sol L8l
(V9

&1y 00l (g3 lwansls 9 ouls sudlice ooty FYleia! oz o7 duslio I Jols P-value g jekw! IS polio .(1) Jaua
OloyS ol Y1) =YV 50,90
ol Lo ds Lo audiy ol owlb

Chisquare P- value Chisquare ~ P-value Chisquare P-value Chisquare P-value

gl SEAR! | /20 SRS o AY -/aA] “feYy |
& 50 “I-Y | [ AA -/aA] o AY -/aA] /¥4 |
oole .| 0 | /YA ) YA ) SNYY -[a%Y
Syl AT SATS /YA ) YA ) +/+ 4 |
= /- F¥ | /YA ) YA ) +/+ 4 |
09> SATNZ 1AV e YA ) o[- AY AR “fevy |
&Ys> ¥ ) IRV SRS o[- AY -/AA] “fevy |
CawgS| /) - IAFY ERY JAYS [+ AY JAYS -/-f4 )
el AR - IA¥Y <[+ A AR e AY SRS SNYY -[a%Y
oty oYY | /YA ) YA ) SNYY -[a%Y
el oYY | /YA ) YA ) SNYY -[a%Y
el “leYY ) YA ) /- YA ) AR NS\
Joe (2L 35l g (Zmly
5 Blas sllas (oSls ¢ Ko o Zel 00l 0051 (V) Jgar 5o G,k sl Joe ailesT (ol 5 (misly s

Gled g il azgi b polie ool ol disloe ole p2 50 b psie 0 Skio polae ulal poads Jlo g gl Silay o i
l). als ul.m.s C.sLu ..\.A—| Cewd u;aLo)] u;u..:‘) 9 W‘ﬁ 6Lmoo|o (_g‘)a ool oulive )JJLM 9 J..\.o .la.wy 0 J.Jg_» 4.‘1)3)
Ol Lo WoolSiayl dan 13 5 (Ao Vo 5l 1208) Jsed LB Lo 5 3L 5,50 40 a3 50 NRMSE e a4 a5
)-‘d-d“\’ o (5‘)" WLQ).M 0)5]);. 5o J..\A)M ‘5;‘)[5 0D uLAA.A-' ..\....:l;).uos MAE NRMSE )‘\.\M 4> B o
Sls oyl gl 8,5 & g0 dawgie sles 5 o)L ST lileta 5 Slaalie lresls o das g )5, 55l Hgej)

el 0l 5,50 Jow 0 ,Shes < /YO GYL (Sadr oo M axgi b

20 Semenov


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

1PF jlgs V5 oylads oy 9 Conny Sl (2 b/t p5le (5000, wliixi

Yy.

wilale buwgio slos 9 Al 55l oalojT (ol 5 (Ziwly gl (V) Joux

R? MAE NRMSE
alale 3k lol (2l 5 (mily s ol
ECS S ely bl ly ool o, sy
VY ‘Y Y 1o ¥ 5 aloys
AIVE ISV ‘¥ -If \ ¥ 3 as
<IYY <IV¥ A} -/f \ Y o
<A /74 A Iy Y Y TS
alale Lawgie Glos sloj] sl § (oimly @l

<IAY A VY YIY \lid YIY ol
VN4 </AY YIY YN Y/ Yy Oy
<IN </AY YIY Yid YIY YI¥f o
<IN\ <Y A Iy Yo A\ TH4S

ST 5030 )0 (Ll ciloly 591 3L ol
ools las (F) Jgaz ;0 RCPADS 5o\l Cot 5,05 g puded Olyss ao 0 5 o)L Ol s ao o lawgte gl
YoVe 0,00 50 odelcamod s elal ol ails yiolidl oo den ;o lawsie leo (Jgaz Billae .cewloas
Dgs o0 28l Yex g yalicw slaole ;o Dl J8las g pelws olo jo doy0 A Tojq.a- Ol a4 b ol s iSlos
o155 B 52 sloole 1o g2 )k (gl (Slidad 090 4y Cand diaS g aipian Slod Ol et (e Yo P10 050 50 (e
Slyre 5 Mo 5 (VV) ol)Sen 5 Sl gl b el 0,99 S Los Slpesd (o2al38l g cnl ool (o2al381 o
Oya8 iol8l g Cwlls a8l Dl ss )0 et 30 Les A wiowy aoes )l byl ogs udaie DS (VEAY) LS55
32l e 8IS L g s oS 8 Shae 2l it il o il L5 lyzees 1, Los (A5l (ol g s

2508 lolid )38 o ghie 13l 0 Shae (55 52 oL L yiws

RCPA5 (s31, i s AET(%) 3555 3 i 3 AP(%) Gty o3 AT(OC) o &l yasdd brmgio olzwo (1) Jpi
s ol o

YeVe-Y-0- \EAREA RN olKtus!
-#+) hwgn (Y-Y*) lwgis
AT(°C) AP(%) AET(%) AT(°C) AP(%) AET(%)
\ -Y ¥ \ -\ Yo OleyS
VA -Y/0 ) VA =¥ A2 Ol e
A -YIY 14 +/q -\IY Y/A o
VIO -\IA Y/ /A -\/f \1id z54S

Al 0,90 & S (653l WY pazmo (§ 25 — S Ol i (] 70
wlale Lawgie slod 5 aireS g dindn sloo ((B)l (ulidlsn sl piis slaileinr @ a2 95 b @ o ol 3,05 5 puss
a3 5 o anlons Sl (AL yd a4z b e 0B dlre (Sl —55,5 )l s, 5l ST sl 0
Oy by lletr ol s 4y azisy 5 52 0ol Jolds (o 12050 DY gazme 50 5 S Gliee 3 OF o)los
oo 03,5 (F) Jgo ;0 anllaes g sloolKias! JS 50 510,90 90 ;.0 RCPAS o L (sl a0 oS 5,05 g e

L_,;Mljsl XNy 4\.’.”.'400)9.9 ‘5))5L~MS ;.)Y}.A.?LA 6‘).‘ o..\.a]w.)@ 8r¥ 9 ).».79.» u‘)...a 509..»60 alasHo aS )#ULQ.Q o


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

YY) OB 5 U | ... gjlmo T (im0 st ol o lursd i g 50

@ by yo Giali8l [ yieS 5 (0o)0 VO) (i p9o 0,99 )0 9 428g Jgame sl 3,5 9 oS Gali8l (nyiden o)l
oo 22)d ¥ oliee (i p93 0)93 53 eI Jyaze lp g (0e)0 V) (i gl 0)99 59 92 Jpame

o] JS 53 codkithn (5358 &Y gann (5535 9 ysid Sl pandd Lumgio olime A(F) Jaar

AET(%)

.5 Yoy, Y gazes
v 5 oS
WY ¥ Joe
VO A Axdg

L g 2o ood OV game odgh lime g S 5 phaw (65,5l sl losle 5l sdwlcawsas Siledbl a4 asg5 L
Al Ve Sley o3l ,o andllass g 3blie jo ool cuisS alibne OYgame (55l Ol Glie wgge Loy, a4 axos
SlesS 5 Ol e zaigS Hliw o ;0 (0) Jgo= PRV CRY s 4 azg b cel ool aule VYAY JIYYY
ol 5> amin lp Cendy a0 Skes s ilre Of analie o 5 (1F0) puiS bgye cutS 5 e (n i
Gt st s e 53 85 J 4 el axils (5 e 0,5 hos (53 ol Bliee 5205 b 45T,k 2 Ll g
Jyame ol Gln Condy e o 8es 5 ilme Ol aulio jo g ad )5S (F ) axigy L3 jo cosS 5 s
205 5558 =

IFAY JNYPYY 5l adle Ve Sloj o3l 50 (w90 WY gaxo 5jlxo ol 0 Slos (elS ) b (il (B) Jgo
(oS il 55,3155 Sler e

(PSS 2 ) ilme T (LSe 5o S5kes) 08has (LSB) ClSpiph Jpame  asllhaesgo ailiis
OFYYYIY 0+ ABY/A AVVERNIY pus 29SOl ot
FYOVYIA F122AY VOVFAYID s
YASAFY YYYYYI/A NaaNidie axigs
YYVE. /- ¥\ FUA AV /D pus ot s g
FOOYD/Y YEYVVY VFAVYIO o
YASSEIY YYE\ 04/ VAAYYS)) axigs
£ YOAIY NYZZN VoA OIF s Al s s e
FEYIYA BNYEIY OFYVAIS s>
Yeviay \EVEAY /S OVAY/¥ iy
FVYYEY £-YS¥/ VYVAFSFI pus ooy ol g
FAAFV/A FEVEY/) YOFY\ YIS 5>
YEVYY/E YeVVO SEFVVF iy

Jgame 35 9 puiad ol jan 9 Jgparme 3 ySlos alai

Sl Ol e g S0l Canss @ i e 2 50 4l 0)90 50 bl 0 Sles 5 cotiie SV gams 5,05 g i (e Al
dlio (g ) abul sloslinl b (5T 090 )0 5505 5 ye5d i 4 a4zl b (ST 090 po S50 SV game (gilne
olpo 4 ax g bl ool ooly lis dslllass jee slaliw ol sl (F) Jguz 5o saslowsa silel mls 0o 5
Slr Ol o0 Ol st 2 50 (g )S 5 Aolas o (sl oasliewon (V a4y o5 g #1051 ey polie) cewlio (s
3,5 oslitul &¥olae (nl 5l (65,5LeS DY gaze 3,05 5 3 lie elol 32 0 Sles Jlaie (7038 5 (i


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

’f'f)leé“’f o)u ‘Io"»“';} Cone JL“' ‘ﬁ'wb—'—’,’}‘c‘f.’f)b’u(z“ oy ***

20 42k 059 50 (o o) ETC Jpamo § 525 9 judd 9 GUSS 2 25 6lS) Y Jguammo 8 5o (g )55 ddolao (F) Jgux
axdlland yg0 (gl bow 5o

R» S S T Jya=e g5 axdllaes )50 adlate
-Iva Y=4.47 ETc +4381 pas Ole,S oyl yps
IVY Y=431ETc-548 >
<IYA Y=5.32 ETc +3218 axigy
N Y=4.02 ETc +1512 pais O e i o
IV# Y=4.65ETc -1024 es
IVY Y=5.12 ETc +4231 Ay
-IYO Y=2.68 ETc +745 pais o2 Oyl o
<IAN Y=3.89 ETc -459 es
<IYO Y=7.45ETc +2154 axigy
CVY Y=3.78 ETc +1512 pass 2545 bt
IVE Y=4.04 ETc +1349 >
IV& Y=6.32 ETc +8024 Ay

4 039 4 Commnd (63)3LiS Y guazo (63x0 ST Ol il ol 3o

S8 S axisy g 97 oS DY same sl (ST ey90 99 ;3 ROPAS (g5 )l sl il f (lie Lo sl
xS oIS 10 45 eblen sl 0 o0l i (O B ¥) JIKE! 10 oS 5 o st el pa gloolSin! |
s Lial38l ol Lol 3,1 53l g, anlllass yge (53,5lisS Y g dod (5l o0sliumsdds (g3lme ol lme 29 co
Ol o ol 50 e S5 9oty a3 n L 095 31 6 ki G2l YoV + 09 10 Lawgin 5ot puiS 5 52 g
Gilome ol Dl Gl ey dalss 0Tl 5 caSeyie FIA @ oS Jpame lp gilre of Gl (V) S
Sayin VIV Lyl azisy Jgams silome O piSTao (lies 5 sy o0 2,5 5kS 2 oo ite ¥/ &y 151 52 Jpamme
aalss 0 5ol 5 oS te FIA oS Jpame sly s3loe o Glie (1) US z5gS o] )0 05 amlys 0,5l S
Olee 9 dwys0 £ )5 5hS p caaSoyia B) 4y Sl g2 Jgame (silome O Dl lies o] nl 50 (reizman o5
Sl 2l Bl (F) JSCh o2 oSl 50 sl 05518 cnSo o VIV L sl ol iy Jgame (55l o jiSTa>
PRARS pcoSeyie WY @ axigy Joame sln jladie Gl o0 055l 5 S e VIV & oS g 92 Jgazmo sl
Olie GRIB! (i Sy o0 Jpaze p 5 5lS 5 caSo e Ve Ve 0,58 50 (B) JSB 0le)S ol 55 oy o0
Doy Gy 9 303 0 ) VoV 090 )0 SV gamme I SG j0 4 bgrye Loy ol o il 0,99 4 o (g5lne o
i SN amigy g gz palS DY gane (gilme o liee ol nl )0 sl pUS g 52 Jparmo 4 by e il
gy Sl (ST (glooysd 1 0,5 5LS yr caaSo e VY 5 VIV VIV (5o &

10

Xy gy T puls Oy o8y

vwc (m3/kg)
o N SN (o] [o0]

2011 2018 2025 2032 2039 2046 2053 2060 2067

O o o ian | (ST (slo0 y30 50 hlidin (559l Y guazmo ()5 9lS 5 xo o) (g 3lme T Oy e (V) S5


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

Yyy OB 5 U | ... gjlmo T (im0 st ol o lursd i g 50

10
8 1 axigy 9= ps TS ol

S 6

=<

£ 4 W\/M

o

S2._ .
0 T T T T T T T T
2011 2018 2025 2032 2039 2046 2053 2060 2067

TS o] (T (sl 90 1o cilizin (53,9lis WY guazmo (p SS9l 31 xo yi) (53lm0 T Ol ki (350 (F) S

I ali'.‘.m.ﬂ

[y —

vwe (m3/kg)
o N ESN (o] oo

2011 2018 2025 2032 2039 2046 2053 2060 2067

ot ol ST (sl 19 0 ik (53)9LaS Y gamo (0,558 1 o yio) (s3lmn T i olwo (F) S5

15
axig = poss ol ol
§>10 1
13
%’5 . N |
AR A
0 T T T T T T T T
2011 2018 2025 2032 2039 2046 2053 2060 2067

oS olStang] T (5o y98 53 ilivho (63,5LaS Y guama (55 52 uno yio) (5310 T ©lyuadd ol o (8) S

10555 0 loiy Coenl 5loass] o osled gy o8 5l (65 )5liS slacalled 5 Sladsi yr waldl et Sl aslllas
axlllans ygo Wiged laicds (63,5liS Y game ddys W Jasliy b (glailaie olsieas e, bl uis ool 4o el
o ‘) ‘;..\.a)l) u...:elf 9 Loo w‘ﬁ‘ ‘CJLAJ FLERW R ;o.o.lS | h.)‘).a.».?.' ).E.».A)‘ QLH..:‘ Coro .9 OINES GO PR ul.?u.u‘
Glab)lS 5 Lol b alol> bl riwcomo § Guiod (ol )0 4 S Ojgo gy p Geb 5 a0 plid ST sla Lo
YoM 0,00 50 oS 5 eSS (ol e ool jo hawgie sles (glwand mls bl cwlillss lesle
oled j0 lawgie sles iol38l 51 S (VAVY=Y oV )) al 090 uSSbo b o] auslie g RCPAS 4 L s Y-V
SLas o sy p uizmad gy dalg3 1S Lo 0y slrole ;o 5 s Jlo 0,5 slasle ;o Les iol38l ol 5 sl laole


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

1PF jlgs V5 oylads oy 9 Conny Sl (2 b/t p5le (5000, wliixi YYY¥

Copndg bsly ol o0yl 1y lalllas (gloolnn] sola )0 35m Jpab 5o o Gal3dl 5 Jlo o5 Jpad 55 )k ShalS 5l
s il (g g 57 paiS) DY gaze cnl g sl ilome o (liae § 0 gy ST 5 s bl adss
> iy Jpame 3,Sles 5 3,55~y p o stre s el ks 0ay oS Cel T 5l S ol sy mls
Slod (:Xle a5 (Jo 0 wls algs 18 095 530 o onsl jo 1) (65,085 O (5550 2 9500l 0092 SIS 5T paiS
023y ol Sl o oo aieS 1 i Lo ity el 2L walys il waldl s 56 co san] 5o 0 Juad
—re5 ol ) (50500 9 95 hee i g a8l 0593 (nl )3 olS (5,05 9 eSS E9dge (nl Dlilseds 5 23,5 walss I3
HlS den (sl sanliiwoas (il ol Ol e il oo el (S5, g s5lal bl o g §ya5 bl o3 525
223 g0 La3 093 Sl (g i Gralidl el oye0 1 lagie jsboay paiS 5 52 sl Gl Gl a5 el (paliil addllans ;5
¥ Jlax ojlail 4y aziny g g2 bgrpe lo)S elianl 1o il 0y50 4 Coad (ilbre Of Gl SRl on s
5 Slins (IYAT) Kan 5 ol g pinz 51 ool (OTAY) (53t Sl b b 3aiow 0l gl il o
9 SSL (Y1) 5 (V1 F) [, Se g 9815 (VoY) ), g 7 LS (V24 ) Lo B g olojaeme (1YAY) ] San
Bl o cpakizes ol bl o Gobate (VoY1) 55as 5 Iy pep 5 OTA3) L Ken 5 S0 58 cawmy oY 1Y) Ko
Glodas b1y eanl )0 5,m5 5 pused g Lo (ialibl alis sl oy, g aliee slagy i cowi (lpl b ez iz
S oo dpog Sl (550 SRl 5 celie Sl oS Wl gy g (e el e i
20l b e slacalld 5 puiS 5 92 g g &5 Sl (nl Sbe gl cnl )3 edsliwdt @bl S sbas
O GBS aen o5 (gilme O a5l 4 425 b 085 il 18 ol s 5l cos oSl
Ol @8ly 5o 05 argi adlaie o ) Jpame )85k 5 athate Lulpd sl 5 005 atge iS558 gy Jpame
5 Sloj bl mis8 9 (T Ol 350aT 5 Sl 00d @8l (o) SiSand 5 StS lsmsl 908 55, Gle S
e 03,5 slomy) il ;3 1, ccolials all gl 5l > a0 g 5 B0 ph (glasl Yl s o SIS
2l gl Capae pgl Gll ) (55,5leS SV same 15 (Brae il 5 arldl Slpis 5 90 5l Jolo b
5 GiplaS ol losle Lawgs oud @l meldl b slacas utS slosSI L, cpl o el 08,5 izrgs | i ol
&2y 5l S8, oy il blie al o Ol Cupae aie) 15 Fhe (5 Wlgiie o 5l eolitul & (3 )5laS” st
O S ohgd dmelz 0 Ol Cupae U cel Ol Co o o)lye j5iS sla s pled (e S i leldS wgge
el Sl Gule S L ablie )3 1) (Slaged (rlgtms 39,5 oo sleiiden 13 098 oo (ol 9,505, b (55)9liS
351 kel (ngt Slagbs, et sl Lol Boyb 5l (i T @l 5l ol il e 5 oSl Dl s

21 Konar


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

YYO OB 5 U | ... gjlmo T (im0 st ol o lursd i g 50

Lo

sy ol Sllogs p auddl sy Cilisee slags i ).,L, oo OV F ) )T LShe ¢ e i tine a3aS (g jans
FVO-YOY :(V)FF .ol O g o,lol cwaige aloms ((le,S s 163,90 anlllas) Siddass g s 3blis 4o

Obel jo )b g Lo gam o arls Ol s slaileis cwyp (VT Y) odumg oo taay i o )l5 o) woly (g5lx>
AN D) VYL oldha pgle 68,15 Glisss ae (RCP) ool cusloly slags Jbw (ol 5 oyliws S

6Lﬁwl.~ﬂﬁ PR, B g J‘""’ L;»—l u‘)“‘"’ (SR 9 Lg)L.;):?.a.: (\YaA) f% ‘99:...499- fd.g.oL\i: ‘09.,5 absl o>
YOV (OY) 4 @LJ‘).D ‘a9lc 6“51?)5 Slaass ale RCP )L'l:.)‘..'»l Q_gLQ%)LLw u,.:Lwl » Q‘ﬁl S o Yl P L;..4.9
AYF

oo Bl s Jolge 5o G5k BB T e s weldl i S1LOTAY) ¢ Jsls ¢ Slomele soams aipls sals ( Slins
ANV POV o ldlim pole (00,05 Sl 4y 5

9 ‘_g)l;u uT Lg:b)) (Y9) 0w ‘60.1; EL;E) “_g..\:m?)‘ HEvE ‘Qlf:-’E*:-é) fé.c ((Sdoo éLb)J.A;u ‘GY)U IR >
FADY (PN St bl oLl Slalllae aalilad (8 anld o lias gd) (65,5l Y gamo ] (gL,

DAADFA LY )l (655l dnmss 5 olaidl linions aolilns DEMATEL S

bl 0545, b ogjeanly ade> 50 welll i b )5 5le cuz ol G lacaglyl (aloliss (VF - ) wlsraase (e 5
XY OV csylal s o e alome . Lole é

Jae 35 b (o )9) Slie cabs o paiS eSSl tale)S 8l Ll 0P Y) g 55 by saieg o >Da
MY EMYY L oLl asle 60,15 Sliiss (5o cogas 55,5

SYgame ol by ilotrd 5 L3 OTAY) 108 wblial (G 1o (2o thels (S8 g s Jide
AV=Ae (OF ol ST aolis Oz Alos oall s slagy v Ll L )] cilises slogalil 5 (53 0LeS

il 2l slopasli 5 O SISt 6l (o) O YA £ le bLts topal coslile « Jaillgyl ol (6 hnr sy (ppmimadl
AAAe Y oylads ool 5 o ylal miiipo almo Lo, tiasl 5 Loys 5 Ay S 4

oS il ciloly slags b cov el edne LS (gilre O jlailedi ((VFe ) 355 (Lo B 0050 ¢ ol 0oz
VA 00 colioaldl (cloipgl 4spi5 (oho,S ol (63550 aallas) ol

St g bl (65,58 DY game 5lome o (e p ealdl Sllug ST S5 OYAY) o e (5l ouss
TVA-TEY (V)EE L 5 Cyon Kby ol Culoly (glagy Lo

Aligholi Nia T. Ghorbani Kh. Rezai H. Ghorbani Nasr Abad Gh. 2020. Evaluation and simulation of
water footprints of agricultural products in different climates of Iran in terms of climate change
scenarios. Journal of Iranian Water Resources Research. 54(3): 80-97. [In Persian]

Allan JA. 1993. Fortunately there are substitutes for water otherwise, our hydropolitical futures
would be impossible’ In: Proceedings of Priorities for water resources allocation and
management, ODA, London, 13-26.

Allan JA. 2003. Virtual water-the water, food, and trade nexus. Useful concept or misleading
metaphor? Water international. 28(1):106-13.

Baki S. Rozos E. and Makropoulos C. 2018. Designing water demand management schemes using a
socio-technical modelling approach. Science of the Total Environment, 622,1590e1602.

Dehghani T. Saligheh M. Alijani B. 2017. The effect of climate change on the amount of precipitable
water in the northern coasts of the Persian Gulf. Journal of Applied Research in Geographical
Sciences, 18(49): 75-91. [In Persian]

Duan P. Qin L. Wang Y. and He H. 2015. Spatial pattern characteristics of water footprint for maize
production in Northeast China. Journal of the Science of Food Agriculture 96(2): 561- 568. DOI:
10.1002/jsfa.7124.


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

1PF jlgs V5 oylads oy 9 Conny Sl (2 b/t p5le (5000, wliixi YY$

Foley D. Thenkabail P. S. Aneece I. P. Teluguntla P. G. and Oliphant A. J. 2019. A meta-analysis of
global crop water productivity of three leading world crops (wheat, corn, and rice) in the irrigated
areas over three decades. International Journal of Digital Earth, 13(8): 939-975.

Gholamhossein Pourjafarinejad A. Alizadeh A. and Neshat A. 2013. Investigation of water
ecological footprint and virtual water indicators in pistachio and date crops in Kerman province,
Irrigation and Water Engineering Research Quarterly, No. 13, 80-89. [In Persian]

Gordon C. Cooper C. Senior C.A. Banks H. Gregory J.M. Johns T.C. Mitchell J.F.B. and Wood R.A.
2000. The simulation of SST, sea ice extents and ocean heat transports in a version of the Hadley
Centre coupled model without flux adjustments. Climate Dynamics,16: 147—-168.

Hejazizadeh Z. Zarei S. Sayad V. 2023. Investigation of Changes of Temperature and Rainfall
Indicators in Kurdistan Province Based on Radiation Injection Scenarios (RCP). Journal of
Applied researches in Geographical Sciences. 23 (69):1-14. [In Persian]

Heydari-Tasheh-Kaboud S. Khoshkhue Y. 2019. Projection and prediction of the annual and seasonal
future reference evapotranspiration time scales in the West of Iran under RCP emission scenarios.
Journal of Applied researches in Geographical Sciences.19 (53):157-176. [In Persian]

Hirwa H. Zhang Q. Qiao Y. Peng Y. Leng P. Tian C. Khasanov S. Li F. Kayiranga A. Muhirwa F.
and Itangishaka A.C. 2021. Insights on water and climate change in the greater horn of Africa:
Connecting virtual water and water-energy-food-biodiversity-health nexus. Sustainability,
13(11), p.6483.

Jafari Gadneh M. Salajegheh A. Malekian A. 2021. The effect of different climate change scenarios
on groundwater fluctuations in arid and semi -arid regions (Case Study: Kerman Plain). Journal
of Iranian Irrigation and Water Engineering. 44(2): 252-275. [In Persian]

Kiani gale sard S. Shahraki J. Akbari A. Sardar Shahraki A. 2019. Investigating the effect of climate
change on agricultural water consumption and Iranian water resources reserves. Journal of
Iranian Irrigation and Water Engineering. 37(3): 109-120. [In Persian]

Konar M. Hussein Z. Hanasaki N. Mauzerall D.L. and Rodriguez-Iturbe I. 2013. Virtual water trade
flows and savings under climate change. Hydrology and Earth System Sciences, 17(8): 3219-
3234.

Li M. Cao X. Liu D. Fu Q. Li T. and Shang R. 2022. Sustainable management of agricultural water
and land resources under changing climate and socio-economic conditions: A multi-dimensional
optimization approach. Agricultural Water Management, 259:107235.

Mohammad Rezaei M. Khaherman N. 2021. The virtual water landscape of major crops under
radiative forcing scenarios of climate change (case study of Kerman province). Climatology
Research Journal, 45: 67-80. [In Persian]

Nikbakht Shahbazi A.R. 2017. Evaluating the effects of climate fluctuations on the virtual water
content of agricultural products in Khuzestan province under radiative forcing scenarios, Journal
of Earth and Space Physics, 44(2): 363-378. [In Persian]

Nikolaou G. Neocleous D. Christou A. Polycarpou P. Kitta E. and Katsoulas N. 2021. Energy and
Water Related Parameters in Tomato and Cucumber Greenhouse Crops in Semiarid
Mediterranean Regions. A Review, Part I: Increasing Energy Efficiency. Horticulturae, 7(12):
521.

Pope V.D. Gallani M.L. Rowntree P.R. and Stratton R.A. 2000. The impact of new physical
parametrizations in the Hadley Centre climate model HadAM3. Climate Dynamics, 16: 123-146.

Rahimipour Anarki M. R. Mohammadi A. Rafiyan M. Arjamandi R. and Karimi S. 2019. Evaluation
of virtual water and water footprint of agricultural products (Shaherstan, Qalaganj). Quarterly
Journal of Geographical Studies of Arid Regions, 11(41): 52-68. [In Persian]

Roustaie M. Asadi A. and Kalantari Kh. 2021. Investigating the interactions of intelligent agricultural
components using Dematel technique. Journal of Iranian Agricultural Economics and
Development Research. 52(3): 569-589. [In Persian]

Salahi B, safarian zangir V. 2023. Monitoring the impact of global warming on wheat cultivation in
the Mughan Plain (Germi) Using the atmospheric circulation model. Journal of Applied
researches in Geographical Sciences. 23(68): 99-113. [In Persian]


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-04-06 ]

[ DOI: 10.61186/jgs.25.76.20 ]

YYV OUSen 9 92N | .. gjlxa T im0 gt ol oo 3

Semenov MA. Brooks RJ. Barrow EM. and Richardson CW. 1998. Comparison of the WGEN and
LARS-WG stochastic weather generators for diverse climates. Climate Research, 10: 95-107.
Yang C. Fraga H. Van leperen W. and Santos J.A. 2017. Assessment of irrigated maize yield

response to climate change scenarios in Potugal. Agricultural Water Management. 184: 178-190.

Yu D. and Ding T. 2021. Assessment on the flow and vulnerability of water footprint network of
Beijing city, China. Journal of Cleaner Production, 293:126126.

Zareian J. 2021. Identify the priorities of the water sector to adapt to climate change in the
Zayandehrood Basin with passive defense approach. Journal of Water and Irrigation
Management, 11 (2): 291-300. [In Persian]

Zhang F. Jin G. and Liu G. 2021. Evaluation of virtual water trade in the Yellow River Delta, China.
Science of the Total Environment, 784:147285.

Zhao H. Qu S. Guo S. Zhao H. Liang S. and Xu, M. 2019. Virtual water scarcity risk to global trade
under climate change. Journal of cleaner production, 230: 1013-1026.

Zhao Q. Junguo L. Nikolay Kh. Obersteiner M. and Westphal M. 2014. Impacts of climate change
on virtual water content of crops in China. Ecological Informatics, 19, 26-34.

Zhi Y. Hamilton P.B. Wu G. Hong N. Liang L. Xiong D. and Sun Y. 2022. Virtual water indicator
for comprehensive water pressures: Model and case studies. Journal of Hydrology, 608: 127664.


http://dx.doi.org/10.61186/jgs.25.76.20
https://jgs.khu.ac.ir/article-1-4174-en.html
http://www.tcpdf.org

