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Figure 1- Geographical location of the study area
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Table 3- Weight and rate assigned to drought category

Ai?b

Category

Drought index value

Weight (DW)

g5 Jlza] NG

Occurrence Probability Rating (Dr)

0.75-1 Very High (VH)

0.50-0.75

High (H)

0.25-0.50

Moderate (M)

0-0.25 Low (L)

Very high
High
Low

Very low

Very high
High
Low

Very low

Very high
High
Low

Very low

Very high
High

Low

P N W R P NDOW DR P, NDNOWPEE P DN WS

Very low

DHI = LDr x LDw + MDr x MDw + HDr x HDw + VHDr x VHDw

b o DHE slie wlons eols olaxs! 5 P
L olie aen &S w50 o0 ol Slus— J8las 2y,

(¥ 4kl))
Jhsl 45, < j4 VHDr 3 HDr MDr , LDr o«
3Ly e 5 ok bese S JlSes aid w4 sas
o9 o 4 VHDW , HDW MDw , LDW .ocun
5 oLy o g ‘(.5 SSes aib 4 S ame Gl



slizd b JLSes ols b5

(Shahid & Behrawan, c..| (DVI) JLS:s
s b 5l b plsea JUSis Li 2008)
DRI & 50 DRI cal sl 53 o0 oo (5 s o]
b asls 5l S 8158 e 4l = DHI X DVI
s+ A2 55 DRI 3lasl (sl jaw U i, DHIL DVI
4 ,lh sy JlSas Olls &S el 4 05
%513 DRI L350 53 sage s DHI 5, DVI S, S0
i DHI 5 DVI & s 5ba DRI Ll
355 o Sxnaib DVI alie azus lex 4 DRI sl
{+/YO<DRI<:/0+) Luye (-<DRI<-/Y0) S
oLy L (+/0-<DRI<./V0d) s\

.(Danbanli, 2018) (- /YO0<DRI<Y)

bl Jlses b 5 Jwe csl
sl wLis L SPI esls 5 e VY g oere o
e (LY 5 8 e (K e gL
Looldae Gl analy 5 Jiws gla e olsea
S dae o See tae eslanl RF KSS 5) oo il
il Lz sl 5 (RY) e e, b
53 RF Jas Slwlow az 45,0 (RMSE) &l e
wes 1 el L RALO il 50 Lo
Liaw & Wiener, ) .z ol "randomForest"
exte i3 ke el Ol ), (2002
(A5 ge ol L, ale » du;fﬁ >losws) oJf o 5l
W ite Bme 5l ey ad e s 5 s3]
4...¢.w g_j.L.}r.A ‘_s..!\.A) 6\.50)3.) L} SPI ¢J.,\.A A J.n......a
as gazme loieay Wosls aoyn Ve ew al ol
bJ..:La‘;BL: Aoy Y. 9 AL Q_BJ:u J.}m A k}'w)yT
a sl ¥ Se ae eolad Jue SLs,) Gl

s e olas |y Jae 3 leans 3l saal s

00~

(DVI) JuSias s pdyomm] pasls
Wosls

oadlae ol s JLSas gpdiowal Lasls cas
st ol JlSes by adlas sy, il Ll
Lls & baas ¢ pdewe] (UNDP, 2004) .
sl ssi e by e aible S olasl- claal
o 1 Jals adiod ol 5o oo eolinal (gl olo]
Jaz (L) o ol (RN e & pls, Coanen

S (TAL) ooslesS 2obl IS (AO) (5,5les
Azea (FP) 13 w5 5 (MW) s g2 o1 «(PD) Comax

OF-28)

350 Jolse 51 G a4 DVI i 4y (),
V=¥ elde o as, K ploelie 4 4y ool
e ¥ alaly il DV 5 s esls olass|

(v alal )
DVI= (Rrn+ILn++TALn+PDn+MWn+FPn)/7

FPn , MWn PDn TALn JALn Rm & >
Comar Comd ity &5 s oad Jlboj olis
2Ll IS (ousles Jas ‘&Y 2l e 4 iy,
il L2 g s s Ol amar (S sl
o] 1398 o Al s lgz 4 DV say dls e o
Lo s (+<DVI<-/Y0) oS Sk
s 5 (+/0-<DVI<-/V0O) 545 (+/YO<DVI<-/d+)
.(Dabanli, 2018) (- /YO<DVI<Y) s\ 5

(DRI) s> &l pasls
5 B cwl b it gl Jlasl b
o5 (DRI JLSas s jasls (Y1Y o),\Ses
G sasls 5 (DHI JlSes hs asls



00\ fo)u\"\J.la.o\ﬂlb\.g\.ﬁjc';fom'“" PN P

Drought index

DHI DVI
I// \\\ ; L, S . // \\“
! 3 31 i 0803 ‘ Lo odls ‘ N \ {
! it g bl \ Ui &by oo duuloxa G2 e (a6
[ MOD16A2 |[ MOD13A3 |[ MOD11A2 |
l |
L . .
Lot [ ET JNoDiss7] ap ||| s | Gl Dl (5™ 4 435 9 99 e S ol (9056 (Gl foibil
NDWIs6,7 [ EvI [SAvI [ NMDI[| s Pl N T T
_V
l T I G T (3556 339 (oKilko o
| o5 o S5 ol g S e | (453 35C59) 7 il 4o
;d.aa %) ¥ -
I}
| o el 3 1 | I |
—_— 1 N DV 4uore
[ SPEI I gy [ peeogheats | JLKis g Bl
\ I ‘\\\ ¢"II \\\\ //Il
\\\ Jlusis @l o III - - S~ -
\\\ ”l

DRI =DHI x DVI

(DRI) JLSis hd jasls awlbw L2 b -Y IS
Figure 2- Scheme of the methodology for calculating Drought Risk Index (DRI)
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Figure 3- Scatter plots between predicted SPI with peri ods 1, 3, 6, 9 and 12 using the RF model.
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Figure 5- Map of drought vulnerability index of Ilam province
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Abstract

Drought is an unpleasant climatic phenomenon that directly affects different dimensions of
human societies. It is necessary to design and develop an integrated approach to more
effectively control this phenomenon and provide early warnings to know and choose the right
management decision. Here, twelve various remotely sensed indices of the Moderate Resolution
Imaging Spectroradiometer (MODIS) and digital elevation model (DEM) were used to monitor
drought during the 2000-2018 growing season. The Standardized Precipitation Index (SPI) with
time scales of 1 to 12 months was used as reference data. The relations between thirteen indices
and SPI with different time scales were modulated using a machine-learning approach. The
random forest technique was used to construct a comprehensive drought monitoring model in
Illam Province. Validation data were provided based on relative soil moisture, Standardized
Precipitation Evapotranspiration Index (SPEI), and crop yield data were used to validate the
model. It was observed that random forest produced good applicability (R2 = 0.88) for SPI
prediction. In the next step, the Drought Hazard Index (DHI) was generated based on the
probability occurrences of drought using the comprehensive drought model which was made in
the previous step. The Drought Vulnerability Index (DVI) was calculated using seven
socioeconomic indices. Finally, the Drought Risk Index (DRI) was obtained by multiplying
DHI and DVI for Ilam province. The result of the DRI map showed that two counties are at very
high risk of drought, four counties are at high risk, and four counties are at moderate and low
risk of drought. Overall, the result of our study provides a comprehensive method for assessing
regional drought. Also, based on this model, counties with high vulnerability can be identified
to provide timely management programs to help improve the situation.

Keywords: Ilam province, random forest, risk management, SPI.
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