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4- Palmer drought severity index

5- Crop moisture index

6- Drought area index

7- Standardized precipitation index

8- Standardized precipitation evapotranspiration index
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1- General circulation model
2- Weather generator
3- Long ashton research station weather generator
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Table 1- Climatic characteristics of selected weather stations for the different regions in Fars province
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Fig. 1- The geographical area of the study locations

Sl N (@oyopio 1 Jo3Ke) dilgy @itinis IRS cblaa oyl 5
rinis 1RA g S o8] Slebo sl piShis IN ¢ sl el



1394 (ylino & ojlos 7 alor 15355l owlid pgy s g D32

ool (e3Mee 2080-2099 4 2046-2065 2011-2030 L)
2 (s 1980-2010) Jloo 30 (:Solos yobo 42 41y 095 .43
D s S L

ol glagyliw aan couCOp clale (5158l 4 dngs
48 5,8 Gl 093 B)IS AT 3 maldl s (g o
NS sl a s b IS 21 3 (sl b o 08 s (Lo
Sy w9 cusls anlgs iol38 (1900 b 1850) ab oy95 4 o
(IPCC, 2013) w0 4ol 35 2100 Jlo jl an  oioljl

sl Jso (i luie
0dd (gjluwdnd pdlde (p dunlie (giludnd sla i )
a5l B are oy (oBlg) 005 snlito jpolio g Juo Loy
sl coul (gilwand cldllas pbsl > Jae (5,58
5 48 (sLod) 005 dalie (laodls sl ) sl (Slise
335 oo )8 3Lt 3,90 0 (iltend g (0 5 S,k cbny
ke yia )5 )13 o3kl 3)90 (a3l Sy BuiS (nl 3 S
elmosls 5 Slinlie (e ord M3 &S (RMSEY) s cilayo

(Huang et al., 2009) aa3 oo Lis 1y o (¢ 5lodunid

100 1 (Pi-0i)2
RMsE 100 (21, (Pi—0D)2
4] n

9 Sl glaodly oy 4 10 ¢ P cdbsles opl yo oS

(2) Wsleo

-odalie dliai 1N g ol sddlive (laosly (ke 10 s osnlie
ilwans 1L 2o 10 51 2aS RMSE e aslis el b
g bwgio 10330 L 20 s cogs 20y 20510 o Jle
Jamieson et al., ) 59 Malgd Cands (¢ 5bodunds 2o y> 30 1 i

(1991

(SPI) Hlwsisia (aald
e bl Cod Sk it Sl g 2ol B 5
ol o] )3 JLiKis g5by Jusl syl ol sl il
SPI el .acis eslisl (SPI) JLwcSois Lasls j o,ls
Jlaasl 4 e (Mckee et al., 1993; Mckee et al., 1995)
ol o) ol Gae g el Jlgie slaole I odlass o)L
o Bl 4y s ol lej ol 3 et Sy il 390aS

1- Root mean squared error

Sl sla g i 5 (o0 gas (ha S sladae

J3e 93 3l eun] edlil bl o i jobaie 4 adllas pl 4
oS ol 4 dog b .05 odlizul (IPCMy 9 HIACM) (oges 53,5
ol g Led wlale Sy (cogos (535 slaJas slagorg >
ooy sl oy 4 uldl i IS QL5 sl (B)b 1y S
Sligy Slej polade L ploosh 4 5l (g5y5la8 5 Jluslis
Wilby & ) wi osliul wliessy eSiSS 5l gy0p) 5l edsb oo
o g ol g 5l adllas oyl )3 jolaie oy (Wigley, 1997
15 03liz] LARS-WG Jlozs! yy site

B b S lajlS il eain] g, oS Ll 5l
3 el s Sldlllas (el Jds (e o e Jl0)55
JUo100 450 25 Jsbo b (olnoye y> Ygane ccilisee (slags s
aw jl Bis oyl > (Aggarwal, 1994) 34 o o3kl ¢yiiw b
Slons] Sl b ¢l AB 5 Ay By Lasl ggs s
550l Loyl SRES-A, ooyl s odlisal o]y 55,0
et g Su0l e0latll dawgd cumes Ady YL 25 L 1) les
(Prudhomme et al., 2010) aas o ol dnl So59esS
P Ol Camer S ') 0Kes k> SRES-Bucsg b
g Gloa s oolaidl glay ksl )0 xyw Slyuss g 5,8 Lol
(Wetterhall et al., 2009) xS o Ciy o5 sl (3Ll leMbl
S o ool a ) L 1y ol SRES-AB (g5l
bl eS8 ol 5 08 eyl )3 (Sler Canex
(Olesen et al., 2011) 1S o Canogi yjlsie 655) Sy S
g lw cos G lise claoygd ;> COp cbile 2 Jous

ol 0 031y LS S Ao

Qliseo (gWdgs JUuw o o y9d 43 (P‘U’u’) CO, clas -2 Jgas
(Nakicenovic & Swart, 2000)

Table 2- CO, concentration (ppm) in different periods and
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Table 3- Classified scales for SPI
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Table 4- Results of climate model evaluation for rainfall, radiation, maximum and minimum temperatures in Shiraz
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Table 7- Comparison of emission scenarios under future climate change in Fars province regarding to SPI index using t-test
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Introduction

Today, Climate change issue is one of the main challenges for scientists and due to the critical role of water
in human life, the study of climate change impacts on severity and frequency of drought in each region seems to
be indispensable (Hulme et al., 1999). Drought is usually occurred over a period of water shortage owing to less
rainfall, high evapotranspiration and pumping a huge amount of water from water tables. This issue could have
extensive consequences on agriculture, ecosystems and communities. The objectives of this study were to predict
meteorological parameters, calculation of drought index and its zoning under the changing climate in Fars
province.

Materials and methods

In order to predict the future climate in nine districts of Fars province (including Shiraz, Eghlid, Fasa, Lar,
Lamerd, Darab, Zarghan, Neiriz and Abadeh), two climate models (HadCM; and IPCM,) was applied under
three scenarios (B;, AiB and A;). LARS-WG software was applied to downscale climate parameters (Semenov
and Barrow, 2002). To predict incident probability of drought in the all study locations, a drought index
(Standardize Precipitation Index, SPI) was calculated at a time scale of 12 months. SPI is the most commonly
used drought index. SPI is calculated based upon the differences between monthly rainfall and average rainfall
for a certain period of time according to the time scale (Mckee et al., 1995). In this study the SPI time series have
been estimated for the historical base period 1980-1990 and for three future periods (2011-2030, 2046-2065,
2080-2099). Finally, drought maps and zoning were conducted in the whole province using GIS and based on
IDW interpolation method.

Results and discussion

Results of climate models evaluation indicated that LARS-GW well predicted radiation, and maximum and
minimum temperatures (RMSE of 0.51, 0.46 and 1.02%, respectively). However, the accuracy in prediction of
rainfall was not as good as the other climatic variables (RMSE of 11.48%). This is mainly due to the fact that
there is a high variability in rainfall under arid and semi-arid conditions. Other studies also showed that LARS-
WG often over- or underestimate rainfall compared with other climatic variables. According to the simulated
aridity index in the baseline period, Abadeh and Lar classified into extreme drought class (-2.48 and -2.09) while
under future climate change Lamerd categorized in the extreme drought class. The most severe drought occurred
in Neyriz (1.33) using HadCM; model under A, scenario in 2080-2099. While, the lowest drought severity
obtained in Lamerd (-2.58) using IPCM, model under A;B scenario in 2046-2065. According to the zoning
maps, a vast majority of Fars province had normal climate in the baseline which, are mainly located in southern
part of Fars including Neyriz, Darab, Fasa, Lamerd and Eghlid. In contrast, only a limited part of the study
locations classified as drought included Abadeh, Zarghan and Lar. Results of t-test also showed that there is no
difference between HadCM; and IPCM, climate models in terms of future climate prediction (p>0.05). Results
also revealed that for most of study locations, SPI would be in normal class for the all three periods compared
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with the baseline.

Drought zoning in the baseline in 12 month time scale indicated that the lowest drought was occurred in
southern part of Fars while the most severe was observed in both northern areas and some limited part of the
south. It was generally concluded that the major part of the Fars province was in normal (the southern half of the
province) and moderate class (the northern half of the province) for baseline period according to SPI. However,
for projected period, major part of regions would be in normal class. As the Fars province is one of the major
producers of cereals in the country, it is estimated the area will benefit from climate change in the future
particularly under rainfed conditions.

Conclusion

The results of the current study showed that drought would be intensified under climate change in Fars
province and most of the area will benefit from changing climate in the future. However, it is necessary for the
authorities to take the results into account, and have applicable water resources management strategies to be able
to deal with possible problems in the future decades. Decision makings also should be accomplished with
especial considerations to the uncertainties that almost appear in the results.
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