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Abstract

Droughts affected by climate change are among the most
devastating weather events, causing significant damage both in
natural resources and in human life. In this study, in order to
investigate the effect of climate change on drought, both
precipitation and temperature future period (2030-2050) were
calculated with CanESM2 model under RCP8.5 scenario in the
Douganbodan station in Gachsaran city. Then, drought was
evaluated with Standardized Precipitation-Evapotranspiration
Index (SPEI) during the base (1985-2005) and future periods
in different time series. Finally, severity and duration variables
of drought were analyzed for the calculation of joint
probability and return period with the multivariate copula
function. The results show that monthly temperature under
RCP8.5 scenario has increased by 2.2°C and precipitation has
been reduced by 5.5%. Drought evaluation results show that
the number of dry and wet periods is reduced by increasing the
length of the scale, but the longest period increases. Also, the
number of drought periods relative to the base period have
increased under the RCP8.5 scenario. The Frank function was
selected as the best fitted function with the mean values of the
three fitting indicators, RMSE (0.38), NSE (0.9) and AIC (-
101.9). The results of analysis of joint return period of a
drought event with a severity of 10 and duration of 10 months
for the base period and RCP8.5, respectively, were 5 and 4
years, that indicate a decrease in the return period of severe
drought and their increase in future under RCP8.5 scenario
relative to the base period.
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Table 2- View mathematical relations of copula functions
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Fig. 3- Average changes in temperature and precipitation of the Douganbadan station during base (1985-
2005) and future periods (2050-2050)
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Fig. 4- SPEI drought index charts at different time scales for the base period 1985 to 2005
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Table 3- Specifications of dry and wet periods based on the SPEI index in the base period
a2l 095 SPEI ad Ll (bl 3 igb po g Sis (5o yed (S S529 -Y Jo

Time Dry period Wet period
scale Number Longest period Max Total Number Longest period Max Total
of period gestp deficit ~ deficit  of period gestp surplus surplus
3 46 Jan to Sep 1985(9 1.89 18.92 44 May to Nov 1997(7 2023 16.13
months months) months)
6 Mar to Nov Feb to Dec 1997(11
months 00 1998(10 months) 16 1853 43 months) 308 1846
12 Apr 1986 to Dec Feb 1985 to Jan 1996(13
months 45 1988(31 months) 11.53 16.69 42 month) 5.25 19.49
24 Apr 1985 to Jul Jan 1994 to Jun 1996(29
months 46 1989(46 months) 14.73 16.07 40 months) 1041 1354

Table 4- Specifications of dry and wet periods based on the SPEI index in the future period under RCP8.5

. Dry period Wet period
Time
scale Number Longest period Max Total Number Longest period Max Total
of period gestp deficit ~ deficit  of period gestp surplus surplus
3 47 Mar 2035 to Oct Mar 2042 to Oct 2042
months 2035 (8 months) 3115 16573 46 (8 months) 2.581 16.151
6 49 Dec 2031 to Sep Jan 2042 to Nov 2042
months 2032(10 months) 4.357 18.986 38 (11 months) 4.146 17.367
12 49 Apr 2031 to Apr Dec 2038 to Jul 2040
months 2032(24 months) 10.914  19.123 3% (19 months) 11899 17.567
24 48 Jan 2030 to Dec Dec 2037 to Jul 2040
months 2032(36 months) 1442 1759 32 (31 months) 1324 1481
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Table 5- Choosing the Best Coppola Function According to Goodness of Fit severity and duration Variables
(3 months SPEI index) for the Base and Future
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Clayton 0.5135 0.8351 -88.88
Base(1985-2005) Frank 0.4329 0.8828 -96.05 v
Gumbel 0.7899 0.6097 -70.79
Clayton 0.7724 0.6555 -72.78
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Fig. 6- Joint probability distribution function of severity and duration drought based on SPEI index for base
and future periods

19 4l 5,95 615 Ablo dw SPEI s lid (il JUSuid ©o 5 o pli Jloin] 505 @l —F JSoid

w3l 1y Sl it RCP 8555 s« JLuSiis Jlglys
ol cuibly e gl ol 33 a8 sl opl o @ ol &S sl
ORred sy g0 ye iy Slg MD & 0S5 5 a8 slegil
Capn g2yl (el )3 )L Rl g Lod i Jalil 4 a2 b b

2 Slgan 4l 0)95 &

& 55 o ¥

Wdodidy sladoliys 5l gyloms jo 15 fail o Cuonl S 5LeS
looygd 9 (SH)b 3l Cumdy I ilulode o cusl oY
4 ol 3o ) )5 (pg dilaie sy (Jloy g Jlusis
Conplw 3 oolil b (Yo¥o=Yede) ST cams waldl (ojluoad
a3,y CanESM2 g og0e (53,5 Jao jl edlaiwl L RCP8.5
ol ol e g s dler 5l JLSizs gl Sy 5 45
Sloj wbido b (515 Y+ -0 b YIAD b 0,93 (¢l SPEI a3l
)8 duwlxe V¥ 5 VY & Y

e g B lin ol plg Jlois] o <5 3 5803 Sl &
o bl s S p sl azil il RCP8.S (clag b ,
Lmd o Gl |y Jsis e g wad glacas Slalie yolis
) oS whoas 1018 S5y b a)bges 5D ol pay bglas
ol et o 5 Jlcdl (JS2) Sl o (e 5iaS

Gl o Jloy (+=V) 0354500 43 Juate Jloin] JIKs 039300

bl JUSis Sse g Gl plg i3l 0ye0 Hloges ¥ S5
b 0y 0 Sl Youls” b 5l eolaiwl b anle aw SPEI 23ls
Be g YO Ve & iS5l oy93 > RCPB.S gl cow ST g
oo e cudS 3l 0yg0 iuliel b USG50 e e lis 1y dlw
S5 cudS il oyed o lgis a4 2gd o 0dblie (g b il b
b oygd slp dalo Vo o g Vo B line b (JluSis ol g,
0y90 Lials saimd L oS Wil o J ¥ RCP85 4 Jls
b 0y9d 43 Cans RCPB.S gyl o 0 (glo JluSiiis iS5l
P Ol g o dle YO cuiSihooyey 0 S 4 dagi b Ll
o5 53 S ko & il ge &l 093 3] iy ROPBS 3l

VAN Glians j oF 0 ylowd (o3 35k Jlw ¢yl sl T aslio ol
Volume 15, No. 4, Winter 2020 (IR-WRR)

\rd}



RCPS8.5 FRANK 50
\ 25
15 | 1
*\e 10
10 1
=
§ - - 5
2 . A
5 - - \\_ . 1
- - - ——
o= = 0.5 1
| eeeees—
2 4 6 8 10 12
Duration

Base FRANK
—
20 1 F 50
25
15 1
=
§ - 10
210} \
. ~ 5
5 'l :
o , ®o0s5 - 1
| IaaaEEe— |
0 -
o} 5 10

Duration

Fig. 7- Joint return period of severity and duration drought based on SPEI index for base and future periods
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