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1- Palmer Drought Severity Index (PDSI)
2- Change factor
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5- Mann-Whitney Test

6- Mannkendall Test

7- Run Test

8- Grubbs-Back Test

9- Reconnaissance drought index

10- United States Bureau of Reclamation
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1-  COrdinated
EXperiment

2- Standardized Precipitation Index

3- Standardised Precipitation-Evapotranspiration Index
4- effective reconnaissance drought index

Regional climate  Downscaling
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Figure 1- Geographical location Afin sub-basin
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2- Change Factor
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1- World Climate Research Program



AVY  cwliilen JluSid S ) (b, Joo S drawgd

5 Syl (adls jl oslil b ad auule (ol (asls
Al )93 (gl Sy Hlidio (S diloe adolas 4 a4l
2S5 a5V s duwloe (YoVo=YVe0) SToye0 9 (VAAY=Y+10)
Slasis Sy ol puss (65l Kol 5 aulio jglate 4 ol
(VA=Y 10) L YV 0,95 <S5 duly 0593 ¢ sonlll @l i 1 oL
=V ¥F) SO oail 0ygd Al YV 093 dw 4 ST 0,93 9 Ll
(YoV¥=YVe ) g o0 ol g (Vo¥V-Y-VY) Sle oa ol (V-Y-

—0m Sl dunlie gel ) (oulil Sl 3T
5 I oggd a9 anly 0)9d lie lodugliio 0 eslisial (i
b ol S b S sloegs ) o o ol

R=H=V 0)

H (JLaSis Sy, o R (0 doles) 555 aloles bl
Sis gl [asli e b oy V g Jlusiis ojblbe
3l e adlaie

Gl sla b adllae ol 55 o0 eolizl lej sl uliio
(dilate ) S5 cudlyyy Juad) (bl & it ole A lag oyliae
i 4y gl ablyge (8YL0) 55205 & (o ole Y
03 dwlre Car ¢ 51 (sla o (sl JluSiis S st
wbiblen  JLuSis sl josls dubre 4 5l pis g Sy
ce> ARRIMA SLsj s, sla Jas jl @RDI o SPEI SPI
loj sy sl oo jleably o i oolitul Sy o in
3 s g 00 o0l ool yolie iw i <yt ARIMA
Col e s 3y90 JluSiid asls Gululy o bl dube
ke 9 4 mlsd pd (b ojble ke 1 (g ign]
P90 drwle S

R l58le 5 5l eolitwl b Glavlre oolod a8 cuwl 5 4y p5Y
Sl Bl sl Jue (sla >gy5 5l edlatul gl wCunl sd plol
Linux Jsle pims <o NCdump 5 GrADS (sla,)ljéle s
A odlawl

(VAT 10) iy o 599 53 (asSals sl
yol opl Jds s o ol 1S ) JlusSis xl85 eRDI o SPEI

3 551 e e lemisans iyl 5 ealil dlawly 4y L3
Cadld JSis 5o 250y

4- Confirmatory Factor Analysis

Jie s bl Y Sy Jde G Jte Ol il culad
Uhey 3l Jas ol axwgi (gl oAb 001y dausgd condd olatu] ol
SlaSid [adli s o oyl 51 e (¥ dsleo) 0 ool ¥y 5
Jade a Sl 5l sy b duwloes RDI  SPEI SPI wlislga
(v adoleo) Jod adaly 5l oolitol b b duwles JluSis jadls
oyl @8ly )3 0yble 3,5 35l JsSis o bl Hlaie

Asbge ol @ JSid ot S goBy o]
125-0.2%p

P =P X —_ p = 250mm )]
p. =01xp +125 p=250 (v)
L
; Ax;
M=y 1 ")
Et:lEl.
H =W xPlx)class xI (¥)

g Led) Slaalis glauSle (2359 doles a8 (V) aoleo o
S o 4y 00 ool 3y Wi exdlyo e 3,505y B 3 (L
099 035 (53l (U3)L) Lod Sile NS A 1o
5 (1) oo o, al 0y halie (L5yh) sled Silie j1 o]
P(x)class (Y) adolre ) .(A) 1usb o gy liw —la s slis 0
b (gl Bl oo JluSiis aib o g8y Jloinl Sibles
by Jlsiis gundib o> 4 dagl @il o JlsSis il
S 5 15 g igis) JSits il o oS5 4 42
dag by Jlop Z Joia jloolitel b sl oo 39290 (245
ool JSits poiy Jloin b o JlSis cad ol
09 ol bl ya ()9 W ad dlons ¥ Joao Billao dils
o Pipd Dgb oo e I JluSiis Ol aib ululy il ja
5 Y iy bwgie JLSid aib O )y s JLSiS dib oS
¥aib nad (s JLsSis dib 5 ¥ o)y 2ad Jlsis aalb
asily b gl SPEN 5 SPI JLSts e ,Sil 3 | 5,5 o Iy
sl e JuSizs
Cdmuwl Hade (B dolee) Sy duwlo abasly 4 4395 b
9 4td a Bl egy 0l 51355 e L 5 adllas 550 adlate
(b8l adls dw 5l JSie dol yiuw b Aol iy JuoST
A eolaiBl 458 VY) 4 VY olaw 5 e G g cloin ]
Bun oy bbb oo (aomecunj 455V g elain] 458
aiges a5 NC-PASS (,Lal l3dlp,5 5l oslisusl L 5 allaa
o b Jasuie dalllae ol (glp diges ¥F laws L000,8 asuide
L caslllas 3)90 adlate )3 (f5)5luiS S8 4 Aol fiuw y oSS
Jacie T eanl o T sliast Lol Jdow sla gl ) oaliul

1- Ensemble
2- Bayesian Approach
3- Exploratory Factor Analysis
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Table 1- Different classes of drought index SPI, SPEI, eRDI
(SPI: Mckee etal,1993, SPEI:Vicent-serrano etal, 2010, eRDI: Tigkas rtal, 2017)
Describe the situation  Indicator classes

b dogi ab sl
Extra severe wet More Than 2
20 s Jlas SRR

Severe wet
215 Jluy 15-1.99
Moderate wet
Lagie oy 1-1.49
Normal
Jley -0.99-0.99
Moderate drought 1.49- -1
Severe drought 109 - 15
Lad Jlsis ' ’
Extra severe drought Less Than-2
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Table 2- Specifications of climatic models used in this study

Modeling Center or Modeling Group Country Institute ID r::rcri]zl
Silwdae 09,5 b (5lw Jao 35 50 2948 g dnlid
Modele du Centre National de Recherches Météorologiques - Centre Européen de
Recherche et de Formation Avancée en Calcul Scientifique France CNRM- CNRM-
ceols Slasbone 53 ) a8y Ghigel g Sl S pom pulillyn Clidos o 3550 Jio ailp CERFACS CM5
NOAA Geophysical Fluid Dynamics Laboratory USA
NEERENN GFDL-
NOAA s 6555 ¥l Sslis ol ”“l; - NOAAGFDL  Eqvam
20
EC-EARTH consortium Ireland
EC-EARTH g oS s EC-EARTH EC-EARTH
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Table 3- Likelihood of occurrence and weight of drought classes for each drought class SP1, SPEI, eRDI
Weight class  The possibility of class  Intensity of classes Describe the situation  Abbreviation

ab 59 A £98g Jloio! ab O b oy hiswe
Mild drought
1 0.3159 099-0 i JluSas M
2 0.0906 Moderate drought Mo
-1.49 - -1 hgie JLsit
3 0.0445 1.99--15 Severe drought S
: - : Lt Jlusiis
Less than -2 Extra severe drought
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Table 4- The values of the Sutcliff coefficient (NS), the coefficient of variation and correlation coefficient (R2) between the
historical data of the models and observational data for the rainfall parameter and the mean temperature at 2 meters above
the ground

Meteorological parameter
cwluilgr ol

Climate model

2
51 Jose R R NS

Precipitation
ok

CNRM-CERFAC  0.02 0.04 -0.60

GFDL- ESM2M 009 0.1 -0.60
ICHEC-EC-EARTH 041 0.2 -0.58

Average temperature 2 m above the ground
o) daw 5o 93 EE)] )3 Lod bawgie

CNRM-CERFAC 094 0.94 0.76

GFDL- ESM2M 097 0.94 0.79
ICHEC-EC-EARTH 0.96 0.92 0.71
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Table 5- The number of drought events (risk) in base, near-term, middle and distant periods based on the SPI, SPEI and
eRDI indicators at the time scale of the 9-month season leading to the cultivation season
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Table 6- Number of drought events (risk) in base, near, mid, and distant periods based on SPI, SPEI and eRDI indices in 9-
.month time intervals leading to barberry harvest season
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Table 7- ARIMA time series models for each time scale based on each SPI and SPEI drought indicator

Time step eRDI drought index SPEI drought index SPI drought index
;e eRDI Jlsis ‘_,aalw SPEI Ju.suis ‘_,aal.w SPI Jluslis ‘_,»Lw
Winter haz = —0.002 pri + 0.24 haz = —0.002 pri + 0.22 haz = —0.002 pri + 0.25
Sprlng fiaz = —0.002 pri 4 0.2 + DLB5ar, hoz = —0.002 pri 4+ L2 4 Dubar, har = —0.002 pri+ 018+ 0.6ar,
e
Fall . . .
m haz = —0.004 pri + 0.2 haz = —0.004 pri + 0.25 haz = —0.004 pri + 0.19

9 months leading up to the
barberry harvest season
Sby; bl Juad 4 piie anled
Annual
&Yl

haz = —0.002 pri + 0.25

haz = —0.002 pri + 0.37

has = —0.15T, . + 0.21TT,

haz = —0.11T_., + 0.087._._0.001pri

—2.03 haz = —0.002 pri + 0.26

moan

haz = —0.002 pri + 0.34
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Figure 2- Spi, SPEI, and eRDI correlation coefficients for the time series and the obtained risk from CORDEX outputs based
on RCP4.5 and RCP8.5 on the 9-month time interval of the harvesting season of Barberry
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Table 8- Correlation coefficient and p-value of T-student between SPI and SPEI drought risk based on the obtained time
series models and observed values of ten years

Time sptep
Sl o Annual 9 months leading up to the barberry harvest season Spring Winter Fall
Drought index aYlw S5 Canild g Juad 4y ko dlo 4 S Obuwmoy | smb
s dib

SP| 0.88 0.93 0.55 0.81 0.93
0.34 0.28 0.42 0.55 0.15
0.59 0.32 0.58 0.83 0.92

SPEI 0.001 0 0.13 0 0
eRDI 0.39 0.95 0.60 0.56 0.92
0.30 0.56 0.2 0.8 0.05
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Table 9- The correlation coefficient (R2) and the value of p-value of the T.student test between the drought risk values

obtained from time series prediction models with direct drought risk based on two scenarios (RCP4.5, RCP8.5)

Drought index eRDI SPEI SPI
o b I I |
. p-value p-value p-value
Tlme Stef) (t.student) R2 (t.student) R2 (t.student) R2
oy P8
Fall 00 0.78 00 0.75 00 0.92
sl O 0.64) © 0.74) © 0.94)
Winter 0.74 0.56 0.85
e; (0.55) 0.58 0.74) 00 0.73) (0.32) 0.32 0.86)
Spring 0.75 0.49 0.79
e 0 0.76) 0 0.78) (O 0.8)
9 months Iﬁzf\ilr;gtusggsoot:e barberry 012, 051 082 00 075 005 042 0.89
Ky Cudlsy b 40 g dnle & 0.81) 0.75) 0.87)
Annual 0.48 . 0.70
Wl 0.2) 0.06 0.38) 0y 0.001 0.74) 0y 0.003 0.72)
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Introduction: Drought is the most complex, but less well-known risk among all natural hazards, which
affects more people than any other natural hazard. Meteorological and seasonal hydrological drought is a

common phenomenon in subtropical countries and is expected to increase further in the future. Drought is one of
the natural and frequent climate phenomena. Drought risk analysis is a combination of drought risk and drought
vulnerability analysis. Drought risk assessment can be estimated either by remote sensing or by statistical
methods or by a combination of both previous methods. Drought risk assessment shows a more suitable and
accurate view of the drought. Drought risk in addition to drought severity is simultaneously includes the
probability of occurrence of drought and the impact this phenomenon on the environment and the region. This
study has been made to illustrate the visionary of changes in future meteorological drought risk.

Materials and Methods: The study was conducted as a case study for the Afin sub-basin. In this research the
average of minimum average of maximum temperature, the average temperature at 2 meters above ground level
and rainfall data have been used. The statistical period used for the base period is 33 years (1983-2015). Future
data is derived from three models of the cordex project. The upcoming period is divided into three 27-year
periods including the near future (2020-2046), the middle term (2047-2073) and the distant future (2074-2100).
In order to investigate the drought in future, a combined model of three climatic models using the Bayesian
method. Then, the future values of the meteorological parameters were calculated. Drought risk for the
upcoming periods was calculated by the direct method and modeling method. Finally, a comparison was made
between the two methods in order to determine the appropriateness of the predicted model.

Results and Discussion: In the survey of the intensity of SPI and SPEI drought indices during the base time
period for time scales studied, the SPEI and SPI drought indices showed that both, drought events were the same
during the studied period, while the SPEI shows more mild and moderate droughts, and the SPI index has shown
intense intensity on some scales. In future periods, according to the RCP8.5 scenario, the number of drought
events in each period does not differ from the RCP4.5 scenario, but the intensities are higher than RCP4.5. By
completing the questionnaire and using exploratory and confirmatory factor analysis methods, the drought
vulnerability was determinated 53%. ARIMA (0, 0, 0), the appropriate time series model was used to predict the
level of risk. In the drought risk prediction section, the results showed that according to the SPI drought index in
the upcoming periods, the number of drought events relative to the base period is relatively higher, thus the
number of drought events (including four drought conditions) will increase in the far future than the two
upcoming middle and nearer periods. According to prediction of models of risk, rainfall parameter for all time
scales of SPI index and for four-time scales of spring, autumn, winter and annual drought index SPEI, is an
effective parameter in drought estimation and effect on drought occurrence in the study area.

Conclusion: The results of this study indicate an increase in temperature in future periods based on both
RCP emission scenarios. Increasing the severity of droughts in future is another result of this study. The risk
outcomes obtained from the direct risk-measurement method, which was obtained with CORDEX data as well as
the method of using the risk-predictive model obtained in this study, showed strong correlation and no
significant difference in mean, which indicates the model's appropriateness for risk prediction (hazard and after
that risk) for the future. Also, the risk outcomes obtained from the direct risk calculation method, which is based
on CORDEX data with the method of using the risk prediction model obtained in this study, indicates an
increase in the number of drought events followed by an increase in drought risk events in the region. Also, it
was observed that the severity of drought risk according to the RCP8.5 release scenario is higher than RCP4.5. It
is suggested that a number of models (more than three models) being used from the sixth report of the
Intergovernmental Panel on Climate Change.
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