Journal of Agroecology
Vol. 10, No. 4, Winter 2019, p. 1161-1176

&’2‘:01}152 ;)

)9l (il pgr 4y il
WAV o AFAY liamn F 0 kois Vo ol

%‘T e golbl 9 of 5L V"'U‘ g O 1wy

C)le)‘ —bﬁ S d 65)}\-\:.5 ui?'r.: BL)

Y (.. #\ Z. R
F Se gz 5 5555 wbl
VYA0/Y VYT sl s ‘C_)U

VWAZLAIY iy et

MEVNWYE (F)V e (g5,9L58

LXVCCS

o85S 3 5> L LSyl =0 s (sl i 3 O B ol lapadls 5 (o S Sliesis oy g ol plonl 51 B

dL&vJLMJ Juol_w £93 093 9 VAVY=Y .o dl.mJLa JALB Jsl 0)9d W M)f )Ja; 2 G’Lo) 0,93 93 ‘d""”” U"l Pl?ol )9]0.“»4) Mbuc 04151 ).«.uu
ol lmoals . ool YAVN=Y+ 20 050 10 33 Suiyginw o] (gloodls I ddlais  auldl lyuss co e (gly bl oo YoYV-Y V-
PRPC A5 o4,k cot qouldl yoss (wyp (sl a5 209 bl Slelos g Jblas )lys an )5 Sl @l doyd ooyl a9, ol Jolis
Sloj 93 95 sl GlLalS (5L 5 555 5 e i8S )18 )y 2,90 SDSM 4.2.9 153lp 5 g CANESMy g2 (oges (50,5 Juo
dlaie (65y5liS (adld Yy e BSpae Ol (lie )y jslateds b 035l CROPWAT 58l 5 ¢ 656 05 (555 &)k il ccscie
olize adlllas 3y90 ddlaie > )b @ie8 g lod Sl VYoo Jlo U (3)b 5l o)l ) &V guame 5 Shas galS (ol 3g0a8 Jdoay § Ll oo
oon 290 S 5 b orldl sl yg 53 (MD) Gl Sl 59008 (as s 5 (EPR) (Sl 4y 55 5 e Canmd a3 ls Jold 368 (555l
» Ol lobl g O sgeS il 5110 Bl e Y g ZYF L ol cwigas MD g EPR (claasls Liol5sl Sl sy ol gols ais )5 )8
D133 ) oS gl et (65,9LiS ) il w05 po i) nlpls g Al dgpdie (elll s 18U Cow Slalllas dilate (65)5liST iSe

oy et (6y958 A Glokly 30 YU g cutS 5 e g0

CROPWAT Jl5éls 5 SDSM Jas RCP 4.5 gl ¢35 5y 3 5lS gWos3lg

(IPCC, 2014) cuol 0dl> olaid] sgddy o g (glanl ¢ Sl
o=l 4 Cud &S dawg s > (sl yeiS (3 Loguase e oyl
Pouliotte et ) wib o (¢ i Caadl glyls )5 plocaml bylys
B o 65,8t (el s ol ales 1 (al., 2009
Ol e a5 ,lsal 5l (Bormann, 2011) el (So5olg i
Bates et al, ) ol oail )3 l5,a0b s g olpde 46083 1y Sntee
el (6390 dlor I T 43 > 1 walBl yoss (3l )y (2008
0Bl 5 eill Cge ol plio diej ) Jgius e &5
(Xu et al., 2004) 5,5 Sl 0w oo cpl b ablis slael,
S 4352 ) ppe el S Glsiedr 35w

doddo

la ol )l e wly b wgie Y ixe g plaie pusi 455

Gil-Alana, ) 55 o oy pu 8l yuss lgicds dilaie ol
> g sole JBbro dius p Slegdge I puldl yuss Cusbly (2012
orlate (0 1y (lodpiud @ladss g 0390 wal oy s b ples

)9 plo olKuisly o(65yoliS oasiiily Lol =)

S5 ol ¢ anb qolio 00l ()bl g giye 09,5 Ly =¥

(Email: fa_barzegar@yahoo.com 1 s 0 g )
Doi:10.22067/jag.v10i4.62527



IWAY Gl o o)lods Ne ol (65,9LiS (wlids pg9 4y p25 V\ Y

9pL 9 (De la casa & Ovando 2014) syl o LuSY (6>
Cusl 0ais ploal (Nam et al., 2015) |, Ken

obe ps-bied odlil lagy )l jl Cllas pgd 05,5 5
oLl =g ollas 4 u‘?’u‘" 09,5 u;l 51wl oas oalaul WJBI
(Remrova & Cislerova 2010) 1y, g 1550y dalllas ;5 3505
55 3 55 1 ald] s 5B HAOCM3 (g5l 3l onlizl

.z .. Y " .
Oz () (0 8)S )8 (o 050 g SliasS ases
Khalil, ) J-5 4 dllas ;5 5Ll saless 5lasl SliunsS ases
390 e )3 oy oS (55 g e weldl s 5 (2013
P a2y oS By g e b oLl @l )5 )5 adlas
5 252> bl lalas jd .l sales islsél oxuj slaoygd
9 350 Glyoss oy 4 (Tanasijevic et al.,, 2014) S
ol g0 sl wlinie ddlaie (0 a8l yox 31 0 s olS 5w
b odlil L6 0F (3155 | (alS 5y 5 o sl sl g
Jbo U 1) 35 9y (sopd i Gl 8l gm0 (0l ol
OhlSKen g yLoypd (slaalllao j3 0l i oMo V5O
Gy 5 yuid Oly sl )y 4 (Ghahreman et al., 2016)
il cuilaly slag liw cods Yo Ve o b dgadie cudd Juslsy
Sl 93 Co5 gil5 ol ) sl 35 e jlade o8l
a8l o )3 VEIY 5 \O/F L 5 4 RCP 8.5 3 RCP 4.5
9 WO L pSTolo )5 als jlade oy pidin 35 9 4l B9 1 o
Juvey) )gb sy o odmlie Gl Byed 4 Comd LialS Mo pd V-
)‘ ool l_s L)"’9°'°5"\-’T d)l_».j &A-h\) u\jy.a?oo u.s] )Lu » rv-L‘ﬂ
L olsee Sy il 5 Sl HADCM; s Ay (g5 ks
ek Wy oo Mo d YO 5 B Sy gl i 4 Ao
>, (Ashofteh, 2012) el salgs il O clolss v
o8l e bl oS (555 g SRS (o ke e
)‘ ‘_g)L._m) 5 nb]uo)) alisee @L.a )‘ as )#um A_$J9 .b]wb):
P g odidd (o (ol Sbagy sl 32)b 5 waldl s )lge
L)_" 2 Cwl 03 olawl LS"""\J dl.lby)l.._w )I u_;T B J)jl).g
S (655 iS5l Ol Bl ply (ones gy
3y9-0 (RCPA.5) (8l s Lo wlgis (goylius coss S35
P g (3505 pasdie sl o progMle 2,8 )15 ()
oS 3 (5y9liS Ol Bras g)lul slapadls «gj)slis”

1- Jizera

A5 g3ste ol (slo ol b Cov 298 o 35 0 ogune
1 )13 )y g Carghy b sy aylys donyd o o] lel
OS5 Dlosa 35 5 5 855 5 50 s el Bz oy
Goyal, ) cn pig LSl Lol (ol Sl 0aiiS (s Lol
o8l cla Jase jl oais] ol Slyuis wyp yolatods (2004
L1 g 0398 Sl (lad jobods waldl (i iy 2298 o0 o3l
Dy (o Oygmo (oelll gyl 3o )b Sl VL] ()
oo 82,5 sladie coedldl i e (n B pme
Roshan et ) alens 43,5 54y calisee clidllas 5 4 witn 9>

al., 2012; Ashofteh & Massah, 2012; Babaeian et al.,
2009; Koocheki et al., 2003; Babaeian et al., 2004;
Eitzingera et al., 2003; Hertig et al., 2008; Kainuma et

[(al., 2004; Khazaei et al., 2011; Richard etal., 1994
B35 9 5 O bl 050 )3 13yl 53 (o3bj lalllas
Uiy sk a1y cldllas ) el 03 plosl Laglil lpi
Jol 0955 )3 2905 sl il 93 4y P (o0 aldl oS (o)
sl iehl Olyss a5l e edldl Ol () y9-latoasy
odols oy ‘50.».13‘ gyl B (£ 9 0AD odlasiwl wuly

2Dg0s 0,5l 5 Gladllas 4y g5 0 09,5 pl 5l el
B35 5y oy b (Zhang etal. 2011) ) Ken § Sl
Ol O gl ine BT o cilie (lagaldl ) @2 pe olS
Bl g e oS (55 9 S g ladlate (ol (gla il
Py heluie aslllas (Kousari et al. 2013) o )LSan 5 (5555
Gy cle o o o Aolas 51 oli) adllas 55 sl plosl )yl
sooliilon oliugl ¥V osl Ao $8 (claodls 5555 gy (e
b addllas 250 (laolKiw! 505 g puoed Olyuss Mgy o A ool
ol @l 85 )18 Ll 5 455 3,50 SIS e ) (199]]
gy il glaamy ) ool ] Siddes ¢ Sis sblo b
5 SO clalllas cocwl asly iulj8l &y gy Lgy a0 bS5 y25
(Raziei et | )LSen § Zus) o (Tong etal., 2007) ., Kon
il L il Mgy 0> awgmore il ol L al., 2014)
OhbSer 5 (5 95 o odabide @2 po oL ()5 9 p5
Py pe ol 5y g e e (Tabari et al., 2014)
A 050 S g o Sl oS! cuta) ol sl Calisee glap,ls]
Loyl Clluwg 5l glasely (5,8 L 5 B3g05 adlllas Al
ol Ol e @ o oS 5yw 5 s 3 38,50 ells]
25 Sl Gl Baiod gt (bl L3905 (yp 1) yialil
el gl ye 3ble 5l ol Sis sblis )5 a2 jo ol 505
A ogas gl adlllao )3 a2 yo 0lS' (505 g e Clpd (il
bowg aolie Oldlles .l 039y Sis dilaio 4y bgyyo g duoyd

2- General circulation model



WPY s 05 cuis (6359Lds s 30 O Bpan 65wk 3 o 5L5 2 pelBl i OI51 (o

g, 9 dlge
ove ! u.»l_dl)» 0dgdw0 3D (&30 )M9L5 YVY. g colus
&Slg Jos (o, e ¥YOYL BN Y Bs ok OFT YL
gl (oS Lo Cunen 5L 390 Ol el ol @ite sl o
Y USCS 00,5 o 4A Ad g aiipo bl jl a8 Cuwl uejp;
P& sl S5 p5Y e o L 1) ddllas 350 dilaie Cuxige
gl i 5 3, 3929 (ol oS S gy 3590 03gaxe

ol O 0aiS Gyme o 855

o3 gy e 350 pliul 15 aalgs 485 s o8 s 5
e a5 5l ontin 5 Capmes dlasMo LB 15, 5 S5 athats )
Ol 29008l 0392 13509 g )l32,40b  dn g5 3590 Sl ]
slalol ;.j Sldses e JLasl cel @nsds gladns
555 Vb 4 425 b bl o o0 5l 5 ol 5 olac
L1 g o olas] og3a 0595 cpl colsS pae ol U pao
s G (w4 3l gl 50 0ad )53 e &) g
Pl yae glunl s plals (5L (55 5 p5d ol
sy L8 -a5 el ol O|95uj 035450 1D (5y9WiS sy

Al ol wlie oan] (3,40 )3 e (cLiSely L5 b s

"
¥, i)
32°30'0"N- A &
at . aa
-
A
«

32°20'0"N-

32°10'0"N-

32°0'0"N-

31°30,0°N DrinkingWells

Qanats_Model

OpWells_Model
Area Border

31°40°0"N-

N

54°0'0"E 54°20'0"E

54°40'0"E

axllbae 390 ailhio o181 he Cundge —) JSS
Fig. 1- The geographical of the study area
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Using historical climate database from 1971-2005 years from Yazd Synoptic station
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3- Coupled global climate model
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Introduction

Water is a scarce resource in the Middle East region and climate change is expected to exacerbate this situation.
Developing countries are vulnerable to these changes, primarily due to their limited adaptive capacities in dealing with
extreme events. Therefore, investigation of this phenomenon will be very crucial in such areas. In the past decades,
water shortage in Yazd province which is located in arid regions of Iran has resulted in transferring the water from
Isfahan. But recently, due to increasing in water demand, inadequacy of this project clearly has felt. Evapotranspiration
and agricultural water requirements are two crucial issues of this area which affected by climate change. Thus,
considering climate change projections and future agricultural water requirements is necessary to determine water stress
risks in the study area, Hence, this study aims to answer the following research questions:

1. Currently, how much irrigation water do we need in the Yazd-Ardakan region?

2. How does future climate change impact future irrigation requirements?

3. How does future climate change influence sustainability of the agricultural water consumption?

Materials and Methods

The data used in this analysis represented into two time periods, including (i) present (values for the period 1971-2005),
and (ii) future, called year 2070 (values for the period 2021-2070). To evaluate future climate changes, daily climate
data from Yazd Synoptic station for 1971-2005 period have been used. Data, including precipitation, maximum and
minimum temperatures and sunshine hours. To investigate the climate changes of Yazd-Ardakan plain in the future
period of 2021-2070, RCP 4.5 scenario has been used through SDSM 4.2.9 software. The effect of climate change on
reference evapotranspiration and agricultural water needs were estimated. Crop evapotranspiration and irrigation
requirements for two periods, were estimated following the standard procedure described in the FAO Irrigation and
Drainage Paper 56 (UN-FAOQ, 2007) and CROPWAT software. Two indices considered to evaluate the sustainability of
the agricultural water consumption in the study area. These indices including the ratio of evapotranspiration to the
precipitation (EPR) and the ratio of maximum agricultural water deficit to the amount of agricultural water need as
deficit index (MD). These indices estimated under present and future climatic conditions. To evaluate the amount of
water used for main agricultural products, questionnaires were completed in the area.

Results and Discussion

The results of statistical validation of the predicted values, showed no significant differences between historical and
predicted values of precipitation, maximum and minimum temperatures and sunshine. Therefore, suitability of LARS-
WG model to simulate climatic data of the study area is confirmed. Investigation of the precipitation in the Yazd station
showed that in spring season, precipitation will be declining and in autumn will be increasing. In other words, the
distribution of precipitation in the future will have significant changes and as winter precipitation decreases the spring
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precipitation will have increasing trend. Results showed that monthly minimum and maximum temperature will
increase in almost all months. Results of estimating agricultural water requirements showed that due to higher
temperature, reference evapotranspiration, crop evapotranspiration and irrigation requirements will be increased up to
4% under climate change conditions. The EPR and MD indexes will increase by 24% and 13% respectively. The results
revealed the imbalance between agricultural water use and the precipitation in the study area. In the other hand, results
of the questionnaires showed that, the water used in irrigated agricultural areas is not in accordance with the
requirements of products and therefore leads to water stress and, consequently, yield reduction of products. Therefore,
in these conditions, appropriate management strategies and planning should be implemented to ensure the sustainability
of water resources in the Yazd-Ardakan plain.

Conclusion

This work focused on the climate change impact on cultivated area in the Yazd-Ardakan plain considering the possible
alterations of crop evapotranspiration and irrigation requirements. According to this study by increasing in maximum
temperature in the future, water needs of agricultural section will grow significantly. Therefore, planners and authorities
should consider this fact for the future water resources allocation and strategies.

Keywords: CROPWAT software, Evapotranspiration, RCP 4.5scenario, SDSM model



