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Introduction

Drought is one of the extreme events that can impact vast areas gradually over time. Also
understanding the implications of climate change on drought is important for water resources
management in order to manage the available water resources in the basin appropriately. Having
better understanding of drought condition, drought indices were developed. Several drought indices
are used for identifying and quantifying droughts that among them the standardized precipitation
index (SPI) provides proper results. Based on each drought indices, drought characteristics can be
calculated namely drought duration and drought severity. Drought characteristics are highly
correlated to each other. Trusting on one of the drought characteristics for managing the water
resources may lead to inappropriate understanding of drought condition. Therefore, it is important to
notice all characteristics together by using a joint distribution function that among them copula
function is prevalently used in hydrology studies. Several studies were examined the impact of
climate change on the drought conditions by using different drought indices in many basins in the
word and Iran (Bazrafshan et al., 2015, Kouchaki ei al. 2007, Mahsafar, 2011, Eghtedarnejad et al.,
2016, Naserzadeh and Ahmadi, 2012, Hoffman et al., 2009, Kirono et al., 2011, Selvaraju and. Baas,
2007, Lee et al., 2013, Serinaldi et al., 2009, Mirabbasi et al., 2013). There have been many studies
which using copula function in order to compute the return period of the drought (Abbasian et al.,
2014, Golian, 2010, Serinaldi et al., 2009, Mirabbasi et al., 2016, Maddadgar and Moradkhani, 2011,
Chenetal., 2011).
Therefore, in this study drought condition was analyzed by using copula under climate change
condition to have a better understanding of future drought situation and the return periods of drought
events in the future. The SPI was used to extract the drought duration and drought severity in the
ZayandehRoud River basin for a historical period (1979-2008), and the far future (2058-2099) by
using 15 GCM models from the IPCC Fifth Assessment Report (AR5) scenarios. A significant past
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drought event in the basin was used as a benchmark with severity of -4.39 and duration of 6 months.
The Archimedean and Elliptical families of copula functions were used to construct the joint
distribution functions for evaluating the drought return periods in the basin. Results from historical
analysis show that the return period of significant past drought is about 5 years and this period will
increase to about 25 years in the future.

Methodology
Standardized Precipitation Index (SPI)

The Standardized Precipitation Index was developed by McKee (1993). Since precipitation is the
only data that is needed to calculate the SPI, the computation is relatively simple. Some studies used
SPI to calculate the drought characteristics (Golian et al. 2015; Madadgar and Moradkhani 2011).
Drought severity and duration were calculated based on computed SPI values by using the past
available data of 30 years (1979-2008) in the ZayandehRoud basin. Drought duration is defined as
successive months with SPI value less than -1 and drought severity as the accumulative SPI value
during the period with successive SPI value less than -1. Lognormal, exponential, gamma and
Weibull functions were selected as the candidate distribution function for drought duration and
drought severity. Best-fitted distribution functions were selected based on the Bayesian Information
Criterion (BIC) method for severity and duration.

Copula and Climate Change

Since there is a high correlation between drought characteristics, it is essential to use a joint
distribution function. Copula is the joint distribution function which keeps all the information related
to each dependence structure of marginal distribution. Copula functions are categorized into different
families. Normal copula and t copula in elliptical copula family and Gumbel, Frank, and Clayton
copula in the Archimedean copula family are commonly used copula functions families in the
hydrology studies and are used in this study as well. The BIC method was used in order to choose the
best fitted bivariate copula function in this study. The best-fitted copulas were used for the historical
and future assessment of drought condition in order to calculate the return period of significant
drought in the basin.
The last report of IPCC was AR5 which was published based on new set of scenarios, called
Representative Concentration Pathways (RCPs), which describes an emission trajectory and
concentration by the year 2100, and consequent forcing (Wayne 2013). For this study, daily
precipitation data for the future periods of 84 years between 2016 and 2099 from 15 different GCMs
for 2 different scenarios: RCP4.5 and RCP 8.5 was downloaded from the NASA Earth Exchange
Global Daily Downscaled Projections (NEX-GDDP) dataset. These scenarios are representative of
stabilized total radiated forcing and high greenhouse gas concentration levels, respectively. Return
periods of significant drought were computed for 15 GCM models under selected scenarios.

Results and Discussion

In this study, the 90 percentile of the drought duration and severity of past drought events in the
historical period (1979-2008) was selected as the significant event. The characteristics of this
significant historical drought were severity of SPI value of -4.39 and duration of 6 months. Then
return period values of this event were calculated for the historical period (1979-2008), and far future
(2058-2099) using bivariate copula for 15 GCM models under two selected senarios (RCP4.5 and
RCP8.5). Finally spatial maps were generated by using the inverse distance weighting (IDW) method
in the GIS software. For instance, Figure 1 shows the return period of severe drought based on the
results of bivariate copula in the historical period (1979-2008).
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Fig. 1- Return period of severe drought (severity equal to SPI value of -4.39 and duration equal to 6
months) based on results of bivariate copula of Severity-Duration- in the historical period (1979-2008)

Conclusions

Drought is one of the extreme hydrological events that impact on agriculture and water resources.
Climate change impact on drought may intensify the drought condition and its effects. So that, it is
important to analyze the drought condition under climate change condition. In this study SPI index of
drought was used to calculate the drought duration and drought severity in the ZayandehRoud basin
in Iran. One of the severe past drought events during 1979 to 2008 was selected as the benchmark.
Because of the high correlation between drought duration and severity the copula function was used
as the joint distribution function to calculate the return period of significant drought in the past period
(1979-2008), and the far future (2058-2099) for 15 GCM models under RCP4.5 and RCP8.5. Based
on the results of 15 GCM models there is not any special trend for precipitation in the basin, but most
of the models shows the trivial decreasing trend for precipitation especially in the upper part of the
basin. Return periods of significant drought in the past is about less than 10 years and it may be less
than 25 years in the near and future in the basin. However there is the uncertainty in the GCM
models, it is essential to manage the water resources in the basin in order to overcome the possible
severe drought condition in the future.
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Table 1-The number of stations that has the best fit of defined distribution for each drought

characteristic
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Table 2-Selected distribution for each drought characteristic
Drought Selected
Characteristic  Distribution

Severity Lognormal
Duration Lognormal




VEOVF o ATAA Jle ) 6 Lot FY 655

\av
ol kign 5 p5le

siwd XpeoXn @iy @y Upeoty ol &

. Madadgar and. Moradkhani, 2011)
Jate plgp sl Calpsy (+5)) aels 3 b glansl &l
2 09lis) st gl I el g ity Ll claodlpls
L.(Yan, 2007) 5,3 o ,,8 oolitwl 3550 (55909 )0un (sladalllas
sbadaio odlgls T Juate 5 Jloy Juate glie j9p0 4 4245
dlgls 3 LM g S (Sl ladaie 5 ggan
2 adllae cpl jo oolaiwl dyge Juate mlgs o wisondyl (sl funte
Chenetal., 2013, Yang, 2010, Lee et) sus 4,5 s

al., 2013, Serinaldi et al., 2009, Mirabbasi et al.,
2013, Madadgar and Moradkhani, 2011, Chen et

ol 1) Jate gly ol Slogas (F) o> @l 2011
S A

Chenetal.,) oluly Jate plg 5l osliwl 5l fols gols
oy Jate aly 3l g9 4w (2011, Chen et al., 2012
&y 3l eg 90 5 (Ul 5 S )30)5) (osred)] odlgls
&y S5 ly (g Jly) sgan odlgls )3 3y Jate
2 Sl e 6 Gl et 545 A5l 0 ite 55 L
(0) Jsda biks Bl BIC Uy, KaS 4 ddssn 3 ol
&b oy 0k asuiie Juate @l bl 53 48 o laolSius] sluss
Gy o bl Juate gl dad oo LS 1) el 00 dpwlro
Jate gl ailoe ol @b ©aem b jlopitens @5 Sl
09> > oo JuSis oLyl el e cad ol Sl
b a5 JLaiys ksl 09 (ly psboimen § (S

Jako @ 0 puiio Nz Vi & 599

Jlail gl o cosl opite six Jlail @b S Juado @
S Yl gy Sl gy 4 it SVl @iy @y
gy ladls (o8 @58 ®le b (X1 Xo,0.,Xn) (Bobas Hly
My cpl 5 gae b gl S e S 1y F (X)=P[Xi<x]
derg90 i3 418 (Uy, Uy, .., Ug) c8less slaasls ¢ bolas
(Nelsen 2007) ol

(U1, Uy, ..., Ug) = (F1(X1), Fo(X3), ..., Fa (X)) (v)

I el @ig b S lisa C Jabe b cnlnly
] ;..O.‘:‘).«J UMB (Xl,Xz,...,Xn> )lbﬁ d‘)’. ( Ul,Uz,...,Ud)

CQUy, Uyy e, Ug) = PUy < uy, Uy < g, oo, Uy < Uyl
(¥)
29 Ol D ©)gods Sl e daly ol
C(Uy,Uy, ..., Uy) =P[X, < Fl_l(ul),Xz <

Fyt(up), ., Xq < Fi'(ug)] ()

|y C ok b FrooonFy oglite slagils L H gae N

H(X1,X5, ..., Xp) = C[FL(X1), Fo(X3), ..., F, (X)) =
CU,,U,, ..., Uy) )

axdllae ol 50 ooliiul 3yg0 fado ply Olwogas —¢ Jou
Table 3-Properties of used copula functions in this study

Copula type Function
P P parameters
- 6
Clayton () = (ur®+v70~1) e
1
Gumbel-Hougaard c(w,v) = exp {—[(—ln w)? + (=In v)e]l/g} =1 5]9 € (0,)
- 4 [1 o ¢ it
1 M-1)(em™ -1 t= ‘—fT
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¢ — 1],6 €ER
07w 0 ')
1 x* = 2pxy +y*

Normal ¢y, v) = f f ex
) J ) wma—-pn'h P

tyt Wt (v)

1

o
2(1—p?) }dxdy p(X,Y) = sm(Er)

2 _ 2 + 2\~ (W+2)/2 o
t cwv)= f f expl14 2P TY p(X,Y) = sin(o1)
o J 2m(1- p2)'/2 2

v(1-p?)

* 7 denotes Kendall’s tau, which is used to measure and test the dependence.

Relationship between
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Table 4-Number of stations with best fitted copula

copula t

Normal

Gumbel Frank Clayton

Copula Severity-Duration

0

6 48 3 0

oaldl 5 (Sl g s

0y oy |y il Jelse oul > wldl Sl o)
2 Ol (5990 drwgs (IS gla i Ll wisle  Lelge
L3 9 sladaie slaidl (Sl )8 5 5 g slagty,
o Ol Ol o5 1y g9 ol e 09,8 (i Canex
s YOF o 53 S o oyt (IPCC) il yois L)
CIE 1 (s (slagylis oy (ARS) ) o
Cle 5 125 (e Sl lagg i () o 5 i (RCP)
51 (Wayne, 2013) sl o VYoo Jlo U dlols zls 4 ;5
33 sl IPCC Lawg o yiitia 555 3,51 AR5 &S bl
DS ol 3 48,8 oy S ol celoodls ) addlias )
RCP2.6 3}l 15)le &S Cusl os igywi RCP (cop )l o
ol 53 Libs ol ponl sl RCPBS 3 RCP6 (RCP4.5
Jols RCP8.5 (gg)luw .uis olbwsl RCP8.54 RCP4.5
9 65098 (2l )l s Gl L olpen & Cunl olady,
Ol g anlgd sald 33 1) (e o) Comenr (Rl oo
Jsb 3 slaplds glals jlasl (alEl exmslis gl ol
bl cjls chle oYl o sxd )3 5 05 o
IPCC piloz (0155 sloge)liw b anglie )3 gyl ol
RCP45 (go )l il o SRES ATFL (ggplw b ailite
b lay S oS il s olie of 53 &l gyl
515 cosllan sl o 1 o8 (65 4 350 i V- Lo
sl gy jlas g (oouldl (slogs Lo b dualie 13 g2l ol 395
Wayne, ) 1sl o SRES BL (g5l L ailiie piloz (3)155 5
o e P edd wsie cleedly dwl sl (2013
a2+ /Y0 B> iy (NEX-GDDP) 555 culw j3 1) diljsy &0
(Thrasher et al., 2013) cuwl ol 5 ldie L3l
Yooopd sl Sk aliyy laosly adlas ol plosil jolaioas
lia, sloodls yuizman 5 ¥VooA BAVA Lo j) Sl 4l
5 RCP45 (clag,ls cod GCM Jus V0 5 Jobs S5,k
57428 Jlo 5 Y8 b 5l oaz] dlu AF 055 (cl,y RCP8.5
iy RCPB.5 g RCPAS (clags,luw i dlld Colw -yl
)l cbals (Y zolaw g ond Coti G2 98 JS Sl
Lol IS

Jaio @b wlol 9 oS 3k 0590

I Sigarie laadlae )5 g laony Slold 5l b
orle oloj (JuSis b))l el Jl0)55 5 loay Coonl
Olej s (JLuSiid 0)9d g9y U (JLusSiis 090 Sy g8
onbe olo bwgio g dieb o (gt JluSis slagy 90 cpule
doui oo iy CulS il 0yed ¢ Jlgio (JLSis sluyg, 90 dlus,
[(Serinaldi et al., 2009)

dwlre ) Sjgods CUSHL 09 wpsie STl

Pgdis
_ _EW
d ™ py(Dzd) ()
__EW
d ™ py(s2s) (v)

ol el B(L) (JlSis cuiSih oy Ty o] o &S
b S g JSis cae Sl Do Jlsis ole o
Sz by cuiSil oy anbre daly ol Jlsas
oyiite 3 b CliS il 0)9d dwloe gy elul 5 0 puiie
« Shiau, 2006) Kirono  jsg) & 455 b .cunl dawss B
8 SaS & Slg o opxio M b CuiSiL 0y Al
Sl <> Slas 2 plool <> 9 <> dhis Slos
lie (gobus b 55 bajite alod o coul slacuiS)l oy
Bl o8 cuwl Jb Sy <> Sloe 5 Canl 0l ko
el 005 it ol glann b 555 i} 5o

D>d clls (4l 9 S28 ¢ D>d &5 b gly cuiSSL o9
il dulee BB 3 baslgy SaS'ay S2s L

EW) EW)

Tand = S sdses) = Goby@ -Fe)+ @ Fs®)] Q)

_ E(L) _ E(L)
Tor = P(Dzd or S=s)  (1—-C[Fp(d),Fs(s)] (®)

Gad g e &S Jlsis glaonyy gl cldSHL )90

oy Sl adl aste e I e Jlsas
aalllan cpl > Tang dmwlome cplpls bbise sy JluSss

285 B e



VEOVF o ATAA Jle ) 6 Lot FY 655

\of
ol kign 5 p5le

&y ladlas j> Safavietal., 2014 bl e oloys > ¥YOC
5l gt g Jlop Jo e S5 Jlu 1) il adge
3,8 o YOO VAN o sl Jls 093 (sl Iy
OleMb! g byoals

Sloalio slosls

350 claolKiwl o)l slaodly alllas cpl pbxl jslaioa
A5 331 9)5 O )lig 9 Glpl (eelidlen lajlu | 39,0005 s> )
sbodls b srwhl oK) YY wgxge ool lo o
Sy pelatedy s Qb VeoA BV gl s b alale
daiy 9> )0 asuie ol 93 ades 0 5L oS
5 CadVl p laolSiw] 5l (S was Gl ases > lite

alale @l s (V) JKb . 031a8,8 )1 )8 adg> Cawd il )0 (5,500
S o i coie oS! 93 0 1) il

& Wlao dikaie
AW 63‘9 UI)J‘ ;)A N ULQ(O.Ao‘ U‘:w)l 0 .)5)0..\;)‘) MP
&y yioghS YAc e dg0s nlue (glyls ases ol (Y USWE) ol
9 u.’é).w 4>, \“\—\"\"GJLBIP Lﬁl‘“’u"):‘ Oy 03945we D g 0Dy
albagy )b 3 Jld asp Fa-oY  oléles sl sb
9 485 daidzyu Glpl @8 > 0515 (sloogS 4 Sl 9,045
Gy ©9z S YU 4 g aBl (b ade e
Oglite ddgs ) calises blis wlelds )| dgu o o Hlodeol bl
& o yol cpad &S Cuol puaie yio YAYD U o VFES I g 004
S ogbas Al ase pl 3 e g Of il o,
&S Syeoyd ul yio Joo VY ddgs 0 AVl (SW)L lawsis
Sy &Vl iyl Ol}i" 2 ol Cgley dse calise bla o
VO v dbes )0 Jewilly 3y05 5 puoed dVlo bawgio (yizmen 3,0
Oogms a5 3 VF/0 ases AVl glod lawgie ol jio Lo
©lod Cp i g olo (83 50 Lugmubio 40 WY/ glod oy yiaS L

Markazl . —— "7

e
4 Chahar Mahall and Bakhtiari
precipitation
gages .
N7 N @ R

Altitute(m) ™y

High: 3028~
B [ Raias
LWV‘“U ~—.0.. 10. 20 40 60 80 \

S0'E  5025°E S05E G075'E  S1'E  6125°E 615'E  5175°E 62 E 6225 525°E  6275°E S0 E

Fig. 2- Geographic location of the ZayandehRoud basin, and the spatial distribution of the precipitation

gauges
Ol SbolKisl 9 395000y dog> (LS > CuxBae -T IS
Eskandari 3 _ Varzaneh
160 | : '
a 50 b
140 |
120 — 40
£ 10 £
5 o 8§30
0
2 I
g o ‘ i { g20
L | 1 | : a ‘
N ] 10 L
20 i |
of Pt 0

Month

1 2 3 a 5 6 7 8 9 10 1 12

Month

Fig. 3- Change in monthly precipitation during the past period (1979-2008): a) Eskandari station located
at the upper part b) Varzaneh station located at the downstream

4329 ol (D 4bgo Cawsd¥Wl 38 (&3NSl olKhug! (B H(1AYA-T + +A) AT G Jlo Lo 38 dilalo [bob 30 pid T S

39300 1) 4o 9> Cwd el 9o



VOO
DOI: 10.22055/jise.2017.20611.1485

v o IS Sl st suatgy 10Len 5 sl BL S e

o 9 @b

JsSis Gde 5 b pdlie oy pidy Mo pd A adlllas oyl 4>
Sesis glpear (Fu)lepe > 03 &) JLSis slaosy
Sluogad ol plp a5 a8 S Lol ade » Lad
o e Olisa &5 (o)l Jlsis s
e b JlSis @l 5l ke co,8 18 e by Jlusis
L s ble jis b ply JlSiis oo s ¥R L il SPI
bl oles (glp JluSis i3l 0)9d luogas ol (85
01l 0)9d (VAVA=Y -+ A) 5o b 0)gd (glp s> (y9)d (slaSus
A Al (YoOA-Y<QQ) jgd sl g (YoVF-Y-0V) Kop
2 (IDW) alols (pSe (23059 (bey Geib )l dbol s
(0 JS) ooy Gisles S ladids &gy GIS ljale s
el 4 oy b cwl JLSis iy gy Sl o5 plie
0y9 woyiin 9 ke al oS 4 sl Lbo jl Jobs
BY om adgs cilisee b 5 JLuSis o 5aad g8y <S5l
bl ) opge Cglite A Sng I 4 0 pite Jlo 8-
bl ilaie CuiSl 0y 5l glaio aiely ol cddgs calises
uszs Sl g otas iy & sl oty 5B 4 25
Sad) Yeoh BV Gl Jlo e Su)l oy > mad
b (olo i jl i JluSid Gte 9 —F/¥A ) a8 JluSis
@ g bt ol e @) J Vel S Sk ege
ool Jo8 JB Lol cpl )3 (5L a8 )
RCP4.5 (g1 slbus o Il 1 oalll i O 31

APCC Luwg oad yiitte ooy bj)l (IS & 25 b
slojs ens cus Hlinl ommdolis RCPAS (gl
ol ot claie sl oS 4wl oS
aogs oy MSes bls ele gly SPI jlaie RCP4S

C15
glz
e
=286
§c3
>2 0
S8
.;.3_3
S3%
s’ o s $ U LW o oo
£ - »n = 9 3 © = =
= v oWy B O 5 wn O
a 258 o222 5
gz 9 s25 50
O m X T 0w
< w Z 0O G}
O O x
n
O

GFDL-ESM2G
GFDL-ESM2M
IPSL-CM5A-LR

IPSL-CM5A-MR

ooty fuloo

dsg> ‘:".*.**2’9)1955)5 dlxm@d” s sy
iy slaad s 5l ool b sl 0SS g canlio Hluuy
LAS Al L)‘)l"’])" ulfx)jw uJ‘)JLJ .\wb@ )J'DJL» ASg>
Copde |y 3gpge Ol wlbie wilyy o )yt s Cundg
Glp as 9y 3990 oSl VY i &S bl s
W ST ls S add ans 9 S Jlbs g a0
4S' NEX-GDDP 54390 (S0 )l (gslaosls 5l a8 s pl 0 oaouad
o onl b Dgus oolitul cul 9390 ddgn 1550 4SS AY (4l
Sl gboodls b slalie sbrodly awlis g Jdoo g ajo0 )l
gl cos GCM Jio V0 slyy NEX-GDDP | ouis
(olelio glaoodly gla a ond 2ol gloodly i (gilwan
oy shieds (285 )13 odlatul 3y90 gl S o
Slwlie gaodly wii olaiwl GCM glaJio (glaoaly cés
5 duglie GCM (sla Jio \Blite (slaosls b aolSiiws]

CCSM4 Juo wais o odalie (F) JS3 j5 &S jobojlan
Oelpls g atsl |y Slalie glaosld b cigles duopd e o i
dy90 JuSiis oy s g o5 jelatedy Jdo cpl sleedls
us)f )‘)B oaliiwl

t.sj sl sl GCM Juo V0 5l 293 g0 (glaSiis (slaosl
odly oyl S L .as dlils NEX-GDDP oals o551 jl &5
SUL lhwgie ad o )0 A5 dusbre aSd e AVl 55
RCP8.5 4 RCP4.5 (slag,lus cos GCM  Juo V0 po &L
i Al o S, gy (ol jslateds wlBlin jobay

MIROC-ESM
MIROC-ESM-CHEM
MIROCS5
MPI-ESM-LR
MPI-ESM-MR
MRI-CGCM3
NorESM1-M
bcc-csmi1-1
inmcm4

Fig. 4- Yearly mean precipitation differences of GCM models data with observation data in the basin
g 1 Jloalin Sodld LGCM sl Juw slaodld jf dol> 4¥ls tawgino b D9lai o yd —¢ <



VEOVF o ATAA Jle ) 6 Lot FY 655

\0F
ol kign 5 p5le

Return

Period (year)

1 500
335" N+
33.25" N+
33" N+
32.75" N+
325° N

300
32.25° N
32° N4

. .
I Historical 30
(1979-2008) x
—
S0
50" E 5025°E 505°E 5075°E S1°E 5125°E 515°E 5175°E S52E 5225°E 525'E 5275°E 53°E

10

-3

Fig. 5-Return period of severe drought (severity equal to SPI value of -4.39 and duration equal to 6
months) based on results of bivariate copula of Severity-Duration- in the historical period (1979-2008)

(ol JUis o §-£/74 59 SPI jliio b  JLKES Dud) dod JUkds calF3b 0595 (Sisdig -0 Ko
(1AY3-T+ +A) (550 0399 38 S IAd © ko 90 baado b 3 ol zoli wlul »

s L2l58l RCPAS (go)lw cow o] 1 Jlo YO j) e
el
RCP8.5 (59 st oo  JUukis 3 ol il 31 51
s s ool wlhol p JuSis o ol x5 ol
Sl (V) JSs 55 490 o] (s RCP85 (g4 )liw s GCM
ol 005 03l
slodly e a4 ol dwle CuiSL 0y > Gl el
5 ko sl 490 03] )3 RCPBS (55)lis o5 GCM (el Juo
0y90 b Jdo Ay sl juxio Jwo ¥Feov 290 U Jlo Ve dg0s
CESMI- o ;5 S o mistes |y Jlo Voo 5l Gt 2855k
3 i CaiSl oye sl ades sla ity el Ly ys BGC
Joe sl Jlo Yor ) Gl (2l (Bp > o g S
IS5 0)93 ades cansVl g el 5o IPSL-CM5A-MR
oo 93 ol el 2 )03 ol 4 S e i Sl 00 250>
293 0kl (b > il )3 o8l X9, RCPBS (g9l cow
b JLSis ggdy Slols g o3 sl BB (Y-0A-Y-49)
A 1S3l 0)93 j e plo g daled (Sl )93 5l 58
i ade (gl i e s JlSid gy Jle YO d90s b
S e

CCM (laJse ol Jlusiis cuiSil o)ps JlSe b
193 03] Sloj 0,93 (sl RCPAS (o4l o odlisl 3590
GCM Jso > .l o o3l L5 (£) JSis o (Y+0A-Y+44)
5039 kS JLSiS (o jee 3 ddg> slod GFDL-ESM2M
slagie plo ol Jlo g 1328 2ad JluSis g6y g3
5035 b b JLSis sl 608 g5 Syl GEM
Sl Jlo 00 5l e WSL 0ye e pan >
o INMCM4 Juo )3 ol obds dple s JlSis
wad Jusiad Gl Jlo 8+l i 98y Slslb L asss
2 S5l 0y90 il 3l CNRM-CM5 Jue p> pooren il oo
ool oaalie LB dsgs slacuand olos Ly
Sy J 4 ddgs Cundimly g Wl (g (85 s o L
& 09> 5 S5 ol e JSts Candy o Gl olis
b duwolio jd ades )0 Lad JSlis g48y (Slglyd Lol ol aaless
ol €0 oss odlizel GCM el Jae Lobol ; 4xsiS
P SUL S g K o 4 e dalgs S RCP4.5
gl il S olie 4 (VAVA=Y -2 A) 4us3E 4 Coms ol
4 Zu)lioyed ;0 Jlo Ve 5l e 5l s Jlusis cuiSjl oye0



Ay

DOI: 10.22055/jise.2017.20611.1485 e ) o LSt Dl st sk 101 5 2ol AL e
> A Return
o Period (year)
' 500
. ' \,,\.
] )
A SNG ) SRR
h ]
BNU-ESM (RCP4.5) CCSM4 (RCP4.S) CESMI1-BGC
(2058-2099) & (2058-2099) (RCP4.5)(2058-2099)
\
CNRM-CMS (RCP4.5 CSIRO-MK3-6-0 CanESM2 (RCP4.5) >
(2058-2099) (RCP4.5)(2058-2099) (2058-2099) 4
.
\a \ L
) . ]
y x. Ne
N N =N 300
4 -
GFDL-ESM2M IPSL-CMSA-LR IPSL-CMSA-MR
(RCP4.5)(2058-2099) (RCP4.5)(2058-2099) (RCP4.5)(2058-2099)
4
3 ° )
L -
W) Pl S T, Yy
0 " N s \'“‘\\
‘ 100
MIROC-ESM-CHEM MPI-ESM-LR MPI-ESM-MR
(RCP4.5)(2058-2099) (RCP4.5)(2058-2099) (RCP4.5)(2058-2099)
e ’ « 50
O L
sy \"\\ o - 25
E)
-0
MRI-CGCM3 NorESM1-M (R(‘P'l:S) INMCM4 (RCP4.5)
(RCP4.5)(2058-2099) (2058-2099) (2058-2099)

Fig. 6-Spatial analysis of return period based on bivariate copula of Severity-Duration in the far future
(2058-2099) using 15 GCMs with RCP4.5 for severe drought (severity equal to SPI value of -4.39 and
duration equal to 6)

1 JWKiS Do 9-£/1 9y SPI e b JLkis Dud) wyad JKis S5l 0390 (Sisdg -1 JS
31 ool b (Y+0A-Y+47) 590 oy T 090 1 oI © gudio 93 faio @b 31 fol> gmls wla! g (o
RCP4.5 ($ g sbw o GCM sl Juro

Slsis ey Sl Ver 5l i oo 9 Jlo 00l s asS5b Je ol oas o3l L (V) 5 (F) o Sl jo a5 jeblen
SroS E58y Slalyd b Jie ple ad o i ade (D b sruas Jusis RCPAS (g4l co GFDL-ESM2M
S o i |y yed aail pd ases jd s JlSiss ¢l &S o i Ase> )3 593 0a] (el (Sl 0ygd 4 o

Soyw <o INMCM4 3 CNRM-CM5  ¢la Jss
0y90 RCP8.5 (¢4,ls cow CESMI1-BGC Juo 9 RCP4.5



VEOVF o ATAA Jle ) 6 Lot FY 655

\OA
ol kign 5 p5le

BNU-ESM (RCP8.5) CCSM4 (RCP8.5)
(2058-2099) (2058-2099)

CNRM-CMS (RCP8.5) CSIRO-MK3-6-0
(2058-2099) (RCP8.5)(2058-2099)

<

.

MIROC-ESM-CHEM MPI-ESM-LR
(RCP8.5)(2058-2099) (RCP8.5)(2058-2099)

X - \ -
AN
MRI-CGCM3 NorESMI-M (RCPS.5)
(RCP8.5)(2058-2099) (2058-2099)

GFDL-ESM2M IPSL-CMSA-LR “
(RCPS.5)(2058-2099) (RCP8.5)(2058-2099)
». B
. R

Return
Period (year)
500
CESMI1-BGC
(RCP8.5)(2058-2099)
.
S .
\
=~
CanESM2 (RCPS.5)
(2058-2099)
°
Sa 300
IPSL-CMSA-MR
(RCP8.5)(2058-2099)
e
a5
- 100
MPI-ESM-MR \7.
(RCP8.5)(2058-2099) &
N 50
10
-
INMCM4 (RCPS.5)
(2058-2099)

Fig. 7-Spatial analysis of return period based on bivariate copula of Severity-Duration in the far future
(2058-2099) using 15 GCMs with RCP8.5 for severe drought (severity equal to SPI value of -4.39 and
duration equal to 6)

(olo U JLis Do §-£/F p 9 SPI sloio b JLukis ©ad) did  JWis i 3b 058 (Sisdig —Y K&
S o 3 03latul b (Y+0A-Y+ A1) 153 oisT 0553 33 Cho— DD © psiie 95 _baate @b 3 fol> gubi bl »
RCP8.5 (g3 st s GCM

SlSid a9 e .c8)8 )8 oalatwl 350 ] 50 35500015
SPI s li S8 4 (VAVA=Y++A) (50 )b 0)sd (gl dde> )
o A dses o 0h &y JlSis oty dusle b
Olesdy o odldl sl b JlSid cad g e
Ol dbgye polie b bl JlSid onyy cp gl
Sle g =¥ L ply SPI lde L JlSlis us ol Loy
ol i bl Jlusiis
oo 93 2l ¢ JLuSis Sluogad (o 2bj (Stsan Jdoey
cuiSib o) bil lp eamy Jlail &b plyisa Jade
&b Jglkio g5 a5 o3kl adgs > ST was cla JlSis

S5 domi
sl iy o ol alpl &S cal s claony jl S JlSis
53 bl gt SISl sobin g 555k e 51 e
@ Al s Sl Jlsis b plejen ol8l i (85
bl @98 celply sl Sp3 LB (daee Lulyd 5 Cusdge
Coenl 5 Ol plio Copte (dlpy Jusits ol o gl
wasedl Sl @b Jusid ety el JI5y55 0 slojus
1348 laasls gl 5 o ok al) JluSiis 38 o
@S )5 oslitl 350 03,8 bty JluSiis (slaadlas
SaS &y SPI asls 55 adle oyl 5 a8le SPI Lasls
wp S Jusis Qb)) gy Jate gy S



VO
DOI: 10.22055/jise.2017.20611.1485

v o IS Sl st suatgy 10Len 5 sl BL S e

Cunbad pie 4 d55 b GCM slaJse obuly aan] o 3L
2 osge ol glie ly hytaln @l i slainote
S TERR g o SYeb L;LQLJW"' L bl glp ases

Gl dpo gy

EILSECE I o)
5 odly &5 bl Sl wlislea slojls jI HBan s
Sl oaly Jl3 adllas cpl Jlasl 3 1) 5L 5y50 leMb
2 Sbizpg oyl Jytue odtungs (pizman ) 1) S
O UG g pbml cusyd 5 GUISl &S 1S el sasie YL
Iy 2g5 S0y Cilpe cunl 0aly )8 odingr Hlidl o 1) adles

&b 9 g (Jeol8 5 SSlid g0 MS) awdpousyl 0dlgils I uato
9 Jade & JSis (ol (Jloy 9 1) span ol I Jlgie
4 Jate &b (pyne G b ol adllas pl > 0yukie
)l oo lazw! b QJW » W“bl )Mau ul):l 9 [XW] uw BIC wa)
A5 duloes RCP8.5 5 RCPA5 (slagyjliww cos GCM o 10
» ol s Sl s lp (YOA-Y-AR) 93 aai] o)
cos GCM oo zols )5 15 Ly 3o JuSis
Iy sol il b 2alS 35, RCP8.5 3 RCPAS (clagy )l
4 g b Oezmen A3 e ol |y s 3 el ik
)90 o,\:.ﬂ P JSis culSl oy 0l plsl Glsle ks

dgde &y Jlo Ve 5l a8 Jlade 1 (Suleyed 4 Cons s> (gl

2 il S il Sy wé e cudls walys il Jle YO 5 i
References
1- Abbasian, M., Jalali, S., Mousavi Nadoushani, S., 2014. Multivariate Flood Frequency Analysis Using
Copula Function and Parametric and Nonparametric Margin Distributions. Modares Civil Engineering
Journal, 14(4),pp.81-92 . (In Persian).

2- Bazrafshan, J., Hojaji, S. and Hasheminasab, A., 2015. Impact of Future Climate Change on the
Possibilities of Transferring Drought Classes in Iran's Limited Climate (Case study: Bandar Anzali and
Bushehr stations). Journal of Water and Soil Conservation, 22(1), pp.131-150. (In Persian)

3- Chen L, Singh V.P, and Guo S. 2011. Drought Analysis Based on Copulas. Symposium on Data-Driven
Approaches to Droughts, Paper 45.

4- Chen, L. Singh, VP. Guo, S. Mishra, AK. Guo, J. 2012. Drought analysis using copulas. Journal of
Hydrologic Engineering, 18, pp.797-808.

5- Chen, YD. Zhang, Q. Xiao, M. Singh, VP, 2013. Evaluation of risk of hydrological droughts by the
trivariate Plackett copula in the East River basin (China). Natural Hazards, 68, pp.529-47.

6- Eghtedarnejad, M., Bazrafshan, A., Sadeghi Lari, A., 2016. In the analysis of meteorological drought
characteristics and SDI and RDI, SPI and Comparative Evaluation of Hydrological Indices (Case Study:
Bam Plain). Water and Soile Science, 26(2),pp.69-81. (In Persian).

7- Golian, S., 2010. Flood Prediction Using Rainfall Threshold Method Based on Spatial Distribution. Thesis,
AmirKabir Tecnology University of Tehran, Iran. (In Persian).

8- Hoffman, MT. Carrick, P. Gillson, L. West, A. 2009. Drought, climate change and vegetation response in
the succulent karoo, South Africa. South African Journal of Science ,105,pp.54-60.

9- Kirono, D. Kent, D. Hennessy, K. Mpelasoka, F. 2011. Characteristics of Australian droughts under
enhanced greenhouse conditions: Results from 14 global climate models. Journal of Arid Environments, 75,
pp.566-75.

10-Kouchaki, A., Nasiri, M. and Kamali, G., 2007. Study of Iran Index in Climate Change Conditions. Iranian
Journal of Field Crops Research, 5(1), pp.133-142. (In Persian).

11-Lee, T. Modarres, R. Ouarda, T. 2013. Data-based analysis of bivariate copula tail dependence for drought
duration and severity. Hydrological Processes, 27, pp.1454-63.



VS
VEOVF o ATAA Jle ) 6 Lot FY 655 ST mbige s psle

12-Li, C. Singh, VP. Mishra, AK. 2013. A bivariate mixed distribution with a heavy-tailed component and its
application to single-site daily rainfall simulation. Water Resources Research, 49, pp.767-89.

13-Madadgar, S. Moradkhani, H. 2011. Drought analysis under climate change using copula. Journal of
Hydrologic Engineering, 18, pp.746-59.

14-Mahsafar, H., 2011. Climate change effects on Water Bill on Lake Urmia. Iran Water Resources Research,
7(1), pp.47-58. (In Persian).

15-McKee, TB. Doesken, NJ. Kleist, J. 1993. The relationship of drought frequency and duration to time
scales. Proc. Proceedings of the 8th Conference on Applied Climatology. American Meteorological Society
Boston. MA. 17:179-83.

16-Mirabbasi, R. Anagnostou, E. N. Fakheri-Fard, A. Dinpashoh, Y. Eslamian, S. 2013. Analysis of
meteorological drought in northwest Iran using the Joint Deficit Index. Journal of Hydrology, 492, pp.35—
48,

17-Mousavi, S-F. 2005. Agricultural drought management in Iran. Proc. Water Conservation, Reuse, and
Recycling: Proceedings of an Iranian-American Workshop. National Academies Press, pp.106-13.

18-Naserzadeh, M., Ahmadi, A., 2012. Performance Evaluation of Meteorological Drought Indicators in
Drought Evaluation and its Zoning in Qazvin Province. Scientific Journals Management System, 12(162),
pp.27-141. (In Persian).

19-Nelsen, RB. 2007. An introduction to copulas. Springer Science & Business Media.

20-Safavi, HR. Esfahani, MK. Zamani, AR. 2014. Integrated index for assessment of vulnerability to drought,
case study: Zayandehrood River Basin, Iran. Water Resources Management, 28, pp.1671-88.

21-Selvaraju, R. Baas, S. 2007. Climate Variability and Change: Adaptation to Drought in Bangladesh: a
Resource Book and Training Guide. Food & Agriculture Org.

22-Serinaldi, F. Bonaccorso, B. Cancelliere, A. Grimaldi, S. 2009. Probabilistic characterization of drought
properties through copulas. Physics and Chemistry of the Earth, Parts A/B/C 34, pp.596-605.

23-Shiau, J. 2006. Fitting drought duration and severity with two-dimensional copulas. Water Resources
Management, 20, pp.795-815.

24-Thrasher, B. Xiong, J. Wang, W. Melton, F. Michaelis, A. Nemani, R. 2013. Downscaled climate
projections suitable for resource management. Eos. Transactions American of Geophysical Union, 94,
pp.321-3.

25- Wayne, G. 2013. The beginner’s guide to representative concentration pathways. skeptical science.
Version 1.0. http://www.skepticalscience.com/rcp.php.

26-Xu, K. Yang, D. Xu, X. Lei, H. 2015. Copula based drought frequency analysis considering the spatio-
temporal variability in Southwest China. Journal of Hydrology 527:630-40.

27-Yan, J. 2007. Enjoy the joy of copulas: with a package copula. Journal of Statistical Software, 21, pp.1-21.

28-Yang W. 2010. Drought analysis under climate change by application of drought indices and copulas,
Dissertations and Theses, Portland State University, Portland. 716P.

29-Yevjevich, VM. 1967. An objective approach to definitions and investigations of continental hydrologic
droughts. Hydrology Papers (Colorado State University).no. 23.



	21-867
	22-867

