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This study provides an integrated drought monitoring assessment for the Lake Urmia Basin
using a combination of meteorological and satellite-based indicators over the period 2001—
2024. Meteorological drought was analyzed using SPI and SPEI derived from precipitation
and thermal stress conditions, while agricultural drought dynamics were evaluated using
NDVI-based VCI, LST-based TCI, and the combined VHI index. The results indicate that
2008, 2017, 2023, and especially 2024 were the most critical drought years, where large
parts of the basin recorded SPI and SPEI values below —1.5 and VCI and VHI values below
30%, indicating severe agricultural stress. In contrast, 2018 represented the peak recovery
year, with over 70% of the basin showing NDVI values above 0.4 and TCI indicating
minimal heat stress.

Quantitative analysis shows a strong negative thermal impact, where in 2024, more than
80% of the basin experienced LST above 315 K, coinciding with VHI values falling below
20%, marking the lowest vegetation resilience of the entire study period. Spatial-temporal
comparison reveals that after 2021, climatic stress shifted from a rainfall-dominant drought
pattern to a heat-driven drought regime, reducing the ecological recovery capacity of
vegetation even in short wet spells. These findings highlight that future drought
management in the Lake Urmia region must prioritize thermal stress mitigation alongside

water resource planning.
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Introduction

Drought is one of the most severe natural hazards affecting water resources, ecosystems, and
agricultural productivity, particularly in arid and semi-arid regions. The Lake Urmia Basin
in northwestern Iran has experienced significant environmental degradation in recent
decades, largely due to recurring droughts, rising temperatures, and overexploitation of
water resources. These changes have led to the degradation of vegetation cover, reduced
crop yields, and increased vulnerability of local livelihoods. In this context, accurate
monitoring of drought conditions is essential for effective water resource management and
sustainable agricultural planning.

Recent advances in remote sensing technologies and climate indices have provided valuable
tools for assessing drought dynamics with high spatial and temporal resolution. However,
most previous studies have focused on either meteorological drought (e.g., using SPI or
SPEI) or vegetation response (e.g., NDVI), without examining the combined effects of
climatic and thermal stress. This study aims to integrate multiple satellite-derived indices—
such as NDVI, VCI, TCI, VHI, and LST—alongside the SPI index, to assess the
spatiotemporal patterns of agricultural and meteorological drought in the Urmia region. The
research also investigates the statistical correlations among these indices to identify the most
sensitive indicators for drought monitoring under changing climatic conditions.

Method

This study focuses on the assessment of meteorological and agricultural drought in the Lake
Urmia Basin from 2014 to 2024 using a combination of satellite-derived and climate-based
indices. Meteorological drought was evaluated using the Standardized Precipitation Index
(SPI), which was calculated from monthly precipitation data obtained from synoptic weather
stations in the region. The SPI was computed at an annual timescale to capture long-term
moisture anomalies, and its spatial variation was analyzed using inverse distance weighting
(IDW) interpolation in GIS.

To assess agricultural drought, multiple remote sensing—based vegetation indices were
utilized. NDVI (Normalized Difference Vegetation Index) was extracted from Landsat 8
imagery with 30-meter resolution, and used as the basis for calculating the Vegetation
Condition Index (VCI), Temperature Condition Index (TCI), and Vegetation Health Index
(VHI). LST (Land Surface Temperature) data were retrieved from MODIS products to
compute TCI and to assess thermal stress on vegetation. All satellite images were
preprocessed using Google Earth Engine and ArcGIS, including radiometric correction,
cloud masking, and temporal compositing during the peak growing seasons (May—
September).

Finally, Pearson correlation coefficients were calculated among the indices (SPI, NDVI,
VCI, TCI, VHI, and LST) to investigate the strength and direction of their relationships. The
goal was to identify which indices most accurately represent vegetation stress in relation to
meteorological drought conditions. Heatmaps and correlation matrices were generated in
Python using the Seaborn and NumPy libraries. This integrated methodology allowed for a
comprehensive analysis of both drought types and their interactions, providing insights into
the spatial and temporal dynamics of drought in an ecologically sensitive and water-stressed
region.
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Results

The results indicated a clear temporal and spatial variability in both meteorological and
agricultural drought across the Lake Urmia Basin. SPI analysis revealed that the years 2008,
2015, and 2017 were characterized by severe to extreme drought conditions, whereas 2018
showed a significant recovery with positive SPI values, reflecting a wet year. In contrast,
agricultural drought indicators (NDVI, VCI, and VHI) showed a delayed but corresponding
response to meteorological drought patterns. For example, in 2017, large portions of the
basin experienced NDVI values below 0.3 and VCI values below 35%, indicating high
vegetation stress. However, in 2018, NDVI and VCI significantly increased, aligning with
improved rainfall conditions.

Correlation analysis further revealed strong relationships between vegetation-based indices
and thermal or precipitation variables. The strongest negative correlation was found between
LST and TCI (r = -1.00), confirming that vegetation health decreases sharply with increased
land surface temperature. VHI also showed strong positive correlations with both NDVI (r =
0.86) and TCI (r = 0.90), indicating its robustness in capturing both thermal and moisture
stress. Meanwhile, SPI showed moderate positive correlations with NDVI and VCI (r =
0.55), suggesting that precipitation influences vegetation condition but is not the sole driver.
These findings underscore the value of integrated indices like VHI for effective drought
monitoring in complex climatic settings.

Conclusions

This study demonstrated the effectiveness of integrating satellite-derived vegetation indices
(NDVI, VCI, TCI, VHI, and LST) with climate-based indices (SPI) for monitoring
meteorological and agricultural drought in the Lake Urmia Basin from 2014 to 2024. The
results confirmed that vegetation health is influenced by both precipitation deficits and
thermal stress, with VHI showing the strongest correlation with other indicators (r > 0.85).
The year 2017 emerged as a peak drought period, while 2018 reflected notable recovery.
The strong inverse relationship between LST and vegetation indices underscores the
importance of including thermal parameters in drought assessments. Overall, the findings
highlight the necessity of using multi-source and multi-index approaches to improve the
accuracy and spatial sensitivity of drought monitoring, especially in vulnerable semi-arid
agricultural regions.

Author Contributions

author participated in writing and revising the article.

Conflict of Interest

Authors declared no conflict of interest.



Olyas (gwdige ) did b ()l

Ve eoVEY e 1 Side, xS LLS https://amcen.razi.ac.ir : 4,23 o83

S

Ao g 3l Cuwd 38 (o ) 9 5105190k SO I ool b (g 59lis Jlusis ab

v .. Y ) XYy . .
395 gy o' plo Sl 7 (g L e
al.parvishi@iau.ac.ir :asbll, .l ! gl o codl of5T s8N cding | Ay eyl yos oo 05,5 ¢ Jgtuns 00iunsi .)
behzadsaber9 | @gmail.com :asbLl, .yl p! cungl ¢ codsl o131 olKitils cang,l alg )| jor  csdiga 09,5 .Y
kheyruriyusef@gmail.com :asbll, .oyl ! eyl 565 ¢ gadsl ol5T olSiils «sliimes g pale aly oyl poe gwdign 03,5 .Y

oS> Ao Sl

:allis ggi
oS5 3l ool L Y-YF B Ve 0)50 b aeg)| axl o asg> o JlSis wig; (iegh ol o e nets allie
SRR

) TCL(NDVI 4y 1) VCI (la_asls 5l ooliasl b b8 idgy 5 ool Jlusiis o SPEI iy
! . il s g

JAY Yoo d GlaJls a5 ol las mls as Gl VHL oS5 (asls 5 (e haw slos 4l VE /Y)Y
Ae sl G YoVE Lo )0 aS g sbay tailosgy JluSas glaoyse 5 bl YoYF 05040 o Yo VY 6,553l g
Cud oo Ve 5l S VHI 5 VT polie flejed g 0uslS YYO 51 5YL slos (glls ddlaie as)o VEF/ AT
o cblae o el alE ibg g ole SRl g ol)) aad i jg alid a5 col eald by
5 /% 51 YL NDVI gl jls dilaie suoyo Vo 5l Giog g 00 Sud So5edsST obsb Jlo Glaseas Yo VA AR AR
Jlo 5l s a5 a0 oo ylis osls Slej— Sl Julow .cwsl 009y (> (35 (e 00gamee )0 TCI syl o b
o ol 3 €8l s 5 LE 5501 4y e @ iy 550 5] e 5o JLSES B YY) RN
sl 1y oS oLk ol ol b b DowelisS ob)l sooyge jo S aS ol ouls dely
JrsS ol mlio el ogdle Wb ares)l axl,s adse jo JLSas Sy o ol ol sl Lacjlga ls’
DS B g3 paly D50 S plsear ]y e e Slos 205 (Sl 25 e Jsas
ol IS
dang,l o

eyl Sl 10 i g loslanle slaosls Sl eolaiwl b (g5,5lis JlSis ol (OVFF) iwg (s 9,5 ol cplo Lo e« Liugy bl
D10.22126/amcen.2025.12520.1043 YY-FY(V)Y (/rac owctigo ;0 diS i (55l Jto dalxo



mailto:al.parvishi@iau.ac.ir
mailto:kheyruriyusef@gmail.com

\F-¥ Y O)Lo.ai} Al 0,99 Ld/)'o.c‘;w»u.e,OJJ 4—¢-9)~M-’ c{)[w",/‘-l"

31

oyaibul il ey 5l a8l JLaSis Jdow 6l
03_..4‘59 oolai_ul 20&.{;} J)L.\.il.»_ul &9 )..JL.J —u,':})la. 9 Voo
5ot b U5, anl o 6o ead s luliul (3L asls
VY 57 ) asle) calize Sl slaosl ol JlSes wal
3 bl 3,05 g e - 5L a5 Jb 0 S e aseine (anle
9355 o0 M550 58 ) Jomily 35 5 S ()L 2 ogdle oud
adlesls lis e sl iegh el sl e jo Lol owl
ol Sisded sleases 3l (g b ;o JlSis oSl aS
YoVY sl Jlw yo o..\f.'aplzd‘ 6L°’s“‘)ﬁ el 00,5 L;)‘)?
Slarld &ygoinl e )0 5398 S (e e sled
SlpaS oS o bgiwa s, 5l S 4 VHI gVCI
Sladllae ol )0 [YY-YO] sl LS jidg mwey ol rals
NDVI SPEI SPI slo_asLs 5l olojen solitul a5 o oS
S0 =ik sl as sl SO eslaul 4 coens TCT 4VCI
&39S laga; 2 ol il g JLSas g5l 5 g 5380
...\.Q:QGA 4.‘:‘)1
9 VF ¥ Cliiiog gl azl o asds> )0 oot 5 olal 5o
5 DdwolisS Condg 5l JluSis 555l aS wilosls Ll VLY
9 Sl 001_5)._“.0 ‘5_:)‘).7- 9 o;hj)_.w.u 69_i” g_i_: LY QS’JG'M
E89 Dy 50 G VoV Jlo jl m (2LS g slaalo
o=l [Y2-YY] ales S5 e ol ol 5l slailas ( Sws,b
9 sl sl (oS 5 Sl D58 5 s SIS
S39S 53] sl 5 JLSis ale e sl (S3slsS]

' SPI
2 SPEI

doddo .\

O Sl S plprean (ooal8l Sl G sla b o
sorlll SLagSl 1 (5,5 i Sls il 8 slagilly
V-]l anils oz el 50 (65,58 Glapis 5 ol Bl
el slos Gali8l Gyl (S 5 Sloj w50 e [F
To— (JaSas L) gu> slaonay 98y (L Dud (Sl
by 5| Sop (ol pl3 1ol g (Do sl 5 Loy
§ S—iSdes 3blis ;o ofigan a5 s o8l O s s
ailosls alsdl aiia | 05,5l sl (o iyl St
g5 45 ol Sl iy 0 (655088 JluSzs [0-V]
SySbos it Sob L aSh s 0 &) ) Se 5 i
Ohes o=l 3o 08 e 1ol s S mlie 5lk 5 DY gams
(G g e e sled ()l b cwlitlse ol
2 Go=lS sl e plgisan sl oy 5 (i Sgh
DY gaze Sl y alS g JLuSas BpnS g oS Ss
)l pslas g Gliee GRalS [ASY ] wls sl (1 (55,5la8
Wb 95Ul g Dad )3 Dl g s g (b sles Gl
SV game (5590, Sl (SB Cush, (alS & e il oo
ssbar JuSas [T wigd (bS5l Gl s 1,5
5 1S9 hlo S 8 45 09d (oo el (Lol 55 ez 4 (IS
&5 s mlitlye JLuSis s 055 ols slansly
S 0)90 S sl adlaie S 0 (51 Gl 45 a3 o
i [VF10] il ol Soscly uSile 51 S asios
5 9=y (S Csb) 99aS a5 w31 Sloj (55,5l
S8 S e )15 3l o | el olalS o Sla
ey e Sz 151V wils sole o sl s
A3 g (i slacl g daailess, oLz a5 &
Gaeatly (1alS i wlislsn JLSis glooyes o 5o b
loim b golaml Jlses duls [YA-Y-]s b olal Sw )b
e dleSas 5 (56 o e 958 a5 05 o0 USS Sl
aibats bzl o JUnsl o ohE Cotel (g5,5liS Y gams 4,
Elol ol 0 )lg— 3l (gl yo [VV-VY]o JA S e )*-’l—’
oSy S Sloj 53U L g sy & ppons JluSzs
SIS (o0 59



32 OSad 5 sty g sy lpole (sloodls j oolizwl b (s ;,5LiS JuSis il

Sondy Sl ol G ngai 90 5l o 5 (See) slaosls oS
Slp ol g ool &l ddhie o s 5 seulBl o i
(S oo mal B (655l 5 T mlie o e 039> 50 (5 jluperena

ol Ay jo el Oldllae B la e o ax 51
b asls GancSs Julos 4 lag] el Lol oy plonl JLSas
O Jlie Loy, 9 wilowds sgamxe SPI Lais L NDVI ks wile
ol (ol x5l ilosds s jieS Sugb; 5 5l slagis
5 Slolgale slo asli dcgemme 3l Hlojen (goolaiul ¢ gl
Gl slaasls Slobs slp o] Swen [isle Julss
2 P b Gl peimes Sl QLS cdle  Sge
ERa> ido gl cubd sile pdicaml § e Glas
Wl o8l Dlyss a Fuly o 2L ibe LS A Ced
039y 498 3,90 A3l Gl egh o eS (eSU a5 was
R

£ 3 comelil ISt b 5 iy g ol (e o
s asls jleolatul L Y-YF B YVF oL b deg)l s o
lopy] G ylel Ll (s g oolBl sloools 5 590 51 ot
sVHI TCI VCI « NDVIsl asls L), ol o ool

sleosls 4l 5 SPI =Ly C‘)M‘ lolsale plas 51 LST
9 M J.».l?u )| oolazwl L> B A 4.»..»[70@ ‘;\.b)l.a
3 Gl sl asle U we S vy p basls le bl
b Jolow (pl igd plolid el); JUSAs s 5 St
5 oRb e SE3 sl sldy Gln Glae; culs o
LS oo o2l (6550laS gl jo a8l glo s o o

S5 (ewlilihy, ¥

Slallas dibaie -
Slads> (03 S 5 s et 3 (S aees)l azlys sanl aoe>
9 03l 6‘9‘5 )5.»»5 UJ-CJLQU-'J 3 aS el u‘).:‘ ‘$J>L> L)
adg> (nl xS oo p o ) mipe SeskS OVAYE b sl
03 S (s )5 5 (b lmlydl (f plmlydl slaglul 5o
4.?[.1)0 LY FLIN GLA.‘B 9 u,_oj‘\) 43[503) ' )‘ U’“"" JALM: 9 W)
39 49> (nl (5 AP )3 Ayl SuBd Nigd e (X deg)|

L)"‘ gy 0 )lSA.’ AOL; Codlws ua>L~; 9 \C&Lo‘) Wj
g " moge aile sloylgale slasols 3l eslatwl L o asls
il ) LS Gn p el st ol e
hlyo jo ol Cendy b @lp el Jlpl g wS e
G9UES G 50 ge delse oy 4 [VA] A 002 5 (69,05
ewd oo 3blio o aS oy lid gaass cpl o lasl el asls
g albioy la Bk 09meS 58y 39 oe Jold G deg)l &S
alls H3b g5,0les JLSis g48g (g9, Sl oo JLSis
Deds e 059 dy DY guaste Sl e palS el g il
che sy JuSis b eyn @ [Y] T ee 5 RS
5hoeolatul b o65,0leS cVgame o,Slee g ey sloo]
5 Crpdas as ol ol mls il Gl sl el
(o Jled olelsyl jo Jol ax 0 o b JLSis o 5 sYeb
aS gHob a4 el ooy Fy ggm Bble g (B0 Jled bl
QO Camd g pad JlSis glaslag, saumslis SPI olas
oad 2bj,l ¢l SPET jasls o5 Jl> 5o .ol SPET Lolas
SPI asls s ool aid ol Saeadd JlSis
g1 Sl GawoligS )b SguaS A Cuud

5 Ss ghlia o parek Shblie e 5] S JStS
doog)l by adhie el SIS LBLe olde cocsl 5 aLS
ans g0 b ol plie 2als g 65,0laS 4 sas Siwly Jdoa
Sl el ools las JlaSias a4 cond oYU s pdyaam] p3
5 sloylsale sloosls wile pei slaylpl 5l colawl Ko (sgu
Fsis oy, 31 5535 Gl Wl Sy S

3vcl

4 TCI

5 VHI

¢ MODIS

7 Landsat

8 Kheyruri et al
% Shayeghi et al



\F-f sYo)Lwi'J Al 0,99 ‘u/)a: (g0 o 4_4_9)“.44 LS')[M",/M

33

SeMbl ailie g Waosls .¥Y-Y
slolgale 5 (o) sbaodls oS5l (ogi cnl Szl sln
azlys npl adsm 0 oy 5 el JlSis b e
(ool Jolss candBl slaosls ol oolaiwl apes,l Cubo g dpag)l
Seigsiom ool | o g, 5 AieS g dinr slod
598 cmlidlgn loslw IY-YY B Yeer )bl 0,90 b adlaie
sools 1 Sl idgy 9 8o Liali8l sl cyuioren 0l A
oyp alale gloj (5w & )904 CHIRPS s GPM (glojlgale i)l

5 MODIS (slojlgale pglai 5l «el); JLSas (om)n sl

O g sbes g NDVI sla oL .0y0,5 oolatl Landsat 8
TCI « VCI sloasls aculrs jshaiedas g zl5cul pola ol 5l
Sl S5 L MODIS bt 08,5 1,5 sslil 5,50 VHI
S8 &, L Landsat y5las 5 039, V7 (Gloj 0,50 ¢ yieshS )
sybiedy Lol by g QB lad glaosl o e Y
s gl 5o (LS idg Slebl ]l s5leez e
dibie (I S9si 5 (ool o302l (62)5 4t | cdneg)|
5 &b pands lojle ail) S sbeosls Lo slaoll 5l as
S ol colatul wgs oad Zdl o ((oldlee Sledbl L oL
Google ArcGIS sla,l33le 5 51 (6T 0,00 b losls sl jo3ls 5
.a% plil Python 5 Earth Engine

SPI s X-¥
$lp elislse sl gzl o )lS 5, 5l (S SPL el
b Yol g al n SPL el Jlses b
@ S ) G550 oal Jla i lade g oul Ly calides Sloj (sl
50w oo olad Hlae Byl LB s glaalaie Gowaidy (1 Kle
b aws JlSes sawoglis -V 5l yiaS polie (asls ol

caibge (Jloyi Bure+) 5 YL polie ¢ wgad
ol Gosle s Gl Slos g ilodley bl o SPT IS Jgo 8
Olgso SPI blse aloz 51 0,5 oo plowl LIS L JuslS 98 L
pas g ( Sloy e slaosl jo Jdow ISl e Sl 4

5 SPL (imgh ol o 0,8 o)lil Sles el )l 4 5L

S ezl g olatdl [l Gl g el @dly azl e ol
Dedise gme j3iS oy Jled (65,0laS lacdad o Sege
s i ol b elols slages; shls cis
wile L2l g elyy Y pame ciS 43 SVsb gl 5 coslis
5 s SS9 (eolll g5 sl 5l g o gz paS
5 ool aemo & 1y ailaie ol el aolio 51 asad o1 00
Jos JuSis alezr 5l el sloonysy e 0 piyces]
ool Gl s> cnl o JSES Condy owyp Sl 005
Oy 55 5 ol plie Grall oS Lz sl Jloyes VL

23,08 p s Cudome y soniiune Ol ddlaie )l o &LS
Loy Conl S U Sid ooddl gl aeg)l axlyjo asg>
Vb aVlo 5 5 Jlo o e dee YO0 S50 (i)l oSk
ass g0 b LY ]l 009 axlgs ‘j] ale Cusgazs b ojlgen
Sials asile colsl sloonssy ,5b Cow Gusa asge cpl s
st 5SS slooyss Job (Rl dsa sles Gl Sk
S agye cdlop olem a4y blyh ol canl a8 575158 5L 555
ghe Cdl czse syl Bilae 6l ejn; clac]
GialS ol 50 g daaileag; s Sis pejny o glaosh

AM5)‘ o sL.MJ‘) Oy y0 | 00 Mj)‘ 4.>l.:)¢ C.'a.w J.:.\.w

Sysh il Ol plie CoeS g iS50 ugeine Ol b g
Olejpd (g el 035y axlgn (55,5liS (550,40 SRR 5 (S
bly glolis 4 Wiy oo adlaie ol jo £ly5 5 a8l JlSis
S coldl Dasaily slanis, il 5 ol mlie o pae (Sl
el 00 00ls yiuled degl Culis GlSe ComBge VS yo waiS

arag)| Catis ilSe Cacabige .V SO



34 OSad 5 sty g sy lpole (sloodls j oolizwl b (s ;,5LiS JuSis il

S g didn 4 Cond | ded oo VO glie o ali
3l Jloy ol (6

LST;—LSTmin
LSTymax—LSTmin

TCI = )

Al go ey g Gles LST ] jo oS

Llys b G5 Gl eatmsglas TCL ol uolie
Sl b o8 bl sl pals ool s JLS2S Jon
Ol 50wl st s wilazlge DY gaste Al 0,90 H0 Buad
Sy S8 L) MOD11A2  Jgaxe 5| LST sbaools ¢ jingh
ol a8 (54 TCT aslows sl (GoghS ) S0 5039, A

VHI _asls ¥-Y

s TCLy VCI S 35 by 4 el oS 5 sl SGVHI
Sl g Gusky Gis b agzlae o 1) plS il (IS
Pl iy S5 T (agee Jga 8 035 0 )]

VHI = a X VCI + (1 — @) X TCI 3)

Olyeds ¥eol e polie 5 was e (adigy 1, Ve G- osls
Sl leser Ginl sl VHI Wsd oo sy iy JlSis
Rl 5 g canl @3 p)l5 Jls oly5 Sl o o)L 5 oleo
Sz by slagsl b ol aulre Lad O)g0a Gibod
Geiod ploil Wig) 5l Cawyo S0 jelaie 4y Lo wlobis s“)}

ol 00 ) Y JSS 5 Gaid Ol sl

(DaeolisS JluSlis SIL onds dewloe a2le VY 9 £ ) (slaols
00,5 astine Sdwaids g Syl

SPEI _asls f-¥

ool Byo gl 4 o] alxe 4o Ll el SPT wiile SPEI
@ dgd oo a5 I s il 55 5 3 5 Ak o Dol
Sleetl 4 S i Comles (230 ol oS (oo
Ol Sl el i b e Slalllae 6l g 0l oles
sl sl o e
30 054 5 Cowl dwlne BB ke oy sloosl ;o 5.5 SPEI
50 08 SPI a4y s (6,53VL o5 Sidans § Slis 3blis
Pl gyl Ghgy 5l ool b e dle (igy ol
Lol gl by, (oS gles sosls b >lg gly a5 onl
sloliia 53 SPEI 5 silolos Jlay S 5 b laosls (s
ol ol il it o

VCI _asls B-Y
sloosls bl a3ls l ol wbo lgale pasls VCI
Iy 2LS Ludg jmalS e jaslis opl S o Joe NDVI
e b i 4 o] o e 3 i &
3o ol (S Jse b 2l

NDVI;=NDVIpin
NDVIpax—NDVigin

Vel = (1)

b oo 00 Jloy Lolis alS b jaslis NDVI ] js s
YO 5l S yolie 0gd oo pdi Voo U0 odgame oVCI
wsllas ol 5o gl oo ad S ai o wal JLSis lgied
shad &jgod g zleisl Landsat ¢ MODIS 5 5las 5| NDVI

TCI jasls £-Y
e alS e poojly ols (i ioww glp TCI

10 Thornthwaite



\F-f sYo)Lwi} Al 0,99 ‘u/)a: (g0 o 4-«-9/»%44 J)LV‘,/M

35

LB b Yzt 5 wlosg olyen laclly, il 5 4l J3,L
sl (LS s s ol gl 2y

Sloy oygs lgieds YoYA o YVeof oo Jlu ( Jlio o
)@Vl @ SPT e baolSiny] el o a5 wiload asciu
polie cpl sl oals o3 Y+ 4y S 0)lge (B 40 g 00,
ol 2 @l e Cundg dsue 5 Jloy 5l YL (Sl 5l (S
lom &5 wes oo plis 1 o Jlo i nl Gloy @jes el JLo
oS ooldl sl Jlo s Jlo 50 b G Ygane  JluSas sloo,so
oble 1) adlaie goelBl Slpss o sl o8 o58 Wlsi oo
a3 o HLis SPI ezl Jdow 5l Jols zuls (g gamme ;o0 .05l
Gl e syge dibie o Jlug 5 JlSis o5 a5
Slehd s wad (Jb ol Lol ool s plite Sllag
VoVe bodle m oisa) s lel 0,99 pos dass o b JluSas
39 ol oS i ) sl Wlgs o 45 039y i (Y- YF s
o ooarlh gy g Dad jo Sglal sren ol adlaie
s SNk 1y (S ns b sataslis deelSiu
oS boal opl ool JlSes cod jo olélas cusdye
Copde ,o ggie laosls 5l eolaiul § Gawasds il pei 5
s adlate (65,5laS 5 o lie

Ahar Dzeat
¢ ¢
AT
/NS \ /
/ /\ _ 3N S

i o TH s '
2 Vanghet-ayrectic
S P g i
- '; 5
%
. o2 s % 4 =
Warand
<
L. I Im T oS T -
— s / 7\
—~ / ~ \ / R e — —~\ =2
v ‘., B
< <
»s 12 206 Az 24 « 1 1 ‘
y Crusen . Zarare
] TS IS R I A (R Moo S I | S S s S e Sn e S ,‘. -
A = IS Xz
-/ \ N ¢  —— A-f+—>
: N
< <
2008 42 08 2eae 024 106 2 e wan 29
[ i == re—— —— — ey |

SLolSiyl gl AVLs olidio 4o SPI JLuSts asls loj g, ¥ JS5

0 gy

I Egpe

9 CHIRPS iyl
wedge GPM

3 Cwsdd 0 fgale

9SPI asli
03 SPEI

ST sl Julxi

e O)largld ¥ S

Syl sleasdl ¥
coid (gly AVl & g0 SPT wlilsn JlSis jasls
Slel 0y30 (b deg)l azlye ppl dos> 50 ot olKi
2 aS jebles ol Ldow g aulxe ¥V IS o YYF L Y-8
oS! <dél o SPI polis el cvnlice b o loges
oobal g o lis Sy oy90 Jsb jo 1) sasie ollus
Olyed -V 5l Goml polie (JLSas sad ganadd
(lie jo wgd oo aid S 0wl U hogle JlSis
S ol ojly i Il glmoyge Cyme +) 5l VL pyolie
Sy By sy ol Jloy byl sdsmoylis 55+ 0 L
S 50 YAF 5 YV Xeod lagls o5 amse olis
g Slos,S a1y SPI 5l amg5 b6 e polie laolSiiws]
soba e glubs BB was JlSes gleoygs lgica
3 S 4 b le opl jo SPT jlads Lol & 50 o ol>
S b sl (JLSias g9y Kby o5 Cunl oo 55 -V 0
als b 5 glilaie ulie o by JLSis ol il o dyad



36 OKed g ciugp | g sholsale (sloodls jf oolizul b (s ;,9laS JuSis il

ppl adg> 3 il slaciiln (g g (ol Sl
N i SR

Arar Ceormt
B TN U8 ) Ol e IR B e R A 53 s S L G 2N DS R B A
& A T e »
/ 1 | W 3 L A A W
n W \) d ”t., Al { ™M/ bl W/
- Y . ul l.| il ‘1
- 12 1 Wi o) - 1z ms 2 )
Terazes Nersgheh-synogtc
“Iw/ o/ MmN N ™ | { MM
A =] X e | OV SRR \
'] [T}] 1 ‘ 1008 a2 m m
Marans Marw
AT ———— od  eccmmesaiescecsee s
"9 1 n ™./ ; > \
X Y ('w'\‘ WL o T ’.‘f W A
N SRS | S| -, e il wt M
s 1 20t6 ‘ 1000 1 1 1020 ‘
Crumyen Zarars
¢
1 e KRN 0708 S ol 7o M ke 2 xR ~ [R0d B Ko R oS 250 O ) e L0 N
. N » i B ™
2 e 1T M N Maj 2 MRS W, - g \
AL AN, S o N AT A
- | o\ / B} Nl | Sl
shaacad B APEIRITI. F N G P SR TRV || FPARPS ¢

1008 2092 1008 10ae 1004 1008 02 20te 2000 w4

‘7,,;:; S e T T o e e -

we - —sewae |

&l &Y lide o SPEL JJLuSits Lasls ey gy ¥ JS5
0u gy GLbolf.‘;u.i‘

Sy g JlSis olynss Ko FUSS o caddsl)] gloacss
GYeo) laglo (b amg)l azlys 5l ass> 5o oulillse
aYlo wbide ,o (SPI) )b o labin) asls wlel 5 V-YF
bz o Jy g JlSes ool deanss ol o aes
Sl 0l ganarb > JSis» U <ol Jlop» 5l (S
o8l g BB ollugs oamslis SPI asls Sl xoje8
5 S slroyge ;0 o9 aF Gl ALLAT and g0 Job o adhais
sdalie ool (25 5| (s ez Slagll (Slojy (5w (2l
ok p o ganl s Gadle Gn was Slleg 0980
YOV o YOIV e A glals o was oo ol boadsi )y
e olulis LB ol> U ol JLSis slooyge lgica
wop $Spn g Jlad  rmy i VoA Jlo o &S b
30 SPL yolas g o0 o jleo b ool JLSes 5o
slodle (blie ;o cusl odpm, - Gl S 4y bl 516k
Sloy oyge laicas Yo1q (goga> L g YA ¥-of

U“W OQNJ" g u.wuy l) °)994) Ye\A JL.» ww@ ,AM'

30 o o] cuie lp anle VY wlie jo SPEL ezli
odd Jolod Sloy (5w Djgeds 5 drulre addllae 550 adlate
Ol pustd 4 (6 iy Sl SPI & s SPEL a3l .ol
Llp 50 o Sl cnlplis 5 010 Jondlly 3505 5 e 5 oo
Code polie oo obled g JSis L jp S el
gty ot JLSES Sily e polia 5 Jlug oazasole
g padd Sllug bbloged yidus ;0 dwp -YO L =Y 454 Sl
aS 0gd o0 odalin SPI (glaloges 4y Cond (g y500,0u8 aals L
Lilys p Sk s ke (55 6 emasplas o9 (ol
g VNP ¥VeNe Veof SlaJls a5 vas o lid b jloges gy
ol ;ST jo SPEI a>g5 LB aie polae glyls YoVA
(e S pgw 3, logad aile) o] & j0 ailosg
&S Gl odpw, jo V- p5 a4 bJL ol s SPEL lade
ARST V-G RPN L VRV FUWER R VR W R I S ST O o
YV LB YY 50) VeV e ans aile ;0 SPEL 5wyl slacdl
s 4 ool (e 85 53500 s £oy 4 ol iz o
b oog lsa sles ialiél s S lojes Jrals

olfiwsl cdel Jo YoVA g VNF Ve e f o o s B,L
e Slse (P o a5 wes o lis 1) gude SPEL yolas
ol e as Jlo g Loyl i OB pee g ol sy 5103 55 V.04
LS, o Lo 28lS 5 ol sk 51 mlooyss b Ysmna oo
Gl g S (Jusb, Coaxdg Sgnpy wge wilgioe 45 ooy
deglio rizan WSl oud (65)5l88 5 ol b oolil Lad
5 Gy Sleld g Sal a5 wes o lis olKiws] po (6
Flod Slaoliun] @ Lo 459> 53550 5 5> slaolin
<] glatie

5 eyl «al aS ad oo lid SPET asli ls (S gba
e ot aalllan 3,50 ailaie ;5 el JLS2S I g5
Byl T aais 1o et LS 35 l9a sleo ¢yl edle g ol
asls s Js jakiie SPI 4 Cews SPEI llug (gs3l
od8l SISE il o 1y ol YL Cds el cpl &S el 655
SPEL Lasls 45 wiss oo lis boaidly ol 0iS oo ol (oadly

Jed=s g ol slp oo glpl @ale VY ulde jo o9



\F-fF ‘YO)LQ.\:.J Y 0,99 ‘(.)//"“c ‘_;M;A.U.Q,OJJ 4-«-9)»«-«-’ JJLVJM

37

2022 2023 2024

Bl s T e e O g ey
: N o
B s s e St e ey

ol gy dibate ;> wYlu SPT JLuSts asls JlSe a5 .0 JS&

g ¥ e Yoo A Yoo Gl YoV B Y ) oy00 Judow o
weie ol b oo JLSlisd awg ides b YoV of0a
V0 5l S a4 2le S, SPEIL Hjlase aS 5 gbay ailoas
YoVA opgts g Yeof YooV Gl lo ((blae jo .l oouw,
Gl )b b as wileals glolis was Jloy sleo,g olgicay
Ble o b3k (Bl g 009 ol pen ()l A Al 5 VL

a5 al,3 1, SesslsST 5 ol

Sgufs 9 ‘sﬂ byl b, Seie oLk sasmslis o> JLo
ol ol bl dahaie alS il g S Jugb, Cuxsy
Sy & Ioozme cosldl Lyl Yoo Jlu ;0 g 0395 sl Sgege

IS TR
SLSasy (WM o adhaie 1 g2 BB i YoV Jle o
o8l 55 0 y90 SO lel ailis a5 4 )8 «lawgie b s
g 4l S (Kl gy YRYY 0wl wos
YoVY [0 &g,y onl iy o0 €uas b g mhaw 4y JlSis
ey PP WY Gl G boteds Gln g oad s
ol 5o Wgdh oo el (el JLSis) o8 SO 4 asdhis
PIEE NP AR PRSVEPY X PRI NER-PRLNIR VRV () & gig | W0
ol o0 oo s b ol JlSas s adlae JS Lo
Sy Sl K0lo S0, i 9 055 703 gy Sladigy 4S5 b
SiosiS slaailels 5 O o islas ooildl Jlud 5 5L
0,00 U Gl &5 W e plas Sl s adhis
Sy S L ddhie ol g VA Lo o JlegelisS
ol ol gaaz JILU B o lg edigdanaid 5w (JluSlis
G Yeeo) o3k b SPI Lasls Sl by Judod ggamme o
Slodslsl s adlais jo JLSis a5 > a5 was o LS VY'Y
Glroygd a4 o YL Sos s 4 VY)Y Jlo 5l aSh ooy
5 e il Djgps p ladl b el 038 oy ety
5 SilaS idu 5o ohed Wdeaily )l sbeasl,y ok

Sl Wy, O SKE jo caddll)] glaands wdsl Jdo gllae
1y asegyl azlyo o pl adgo 50 ol Jloy 5 JlSlas cads
olad YeVYE L Yool 0,00 sl 4Vl SPEI asli al p
G5 9 P g b 5l 55 &5 SPEL als aues o
4 Cad 65V Gl SPL ozl 4 Canas ol sl
5 Sk alS Glojer 3l Wilgige  4ls ()l Dl i
Sy £95 S eSate adlate T 15 galS 5o |y LS Gl
ol JLSis» b «ol> Jlo gy o5 b Jols doaids oyl
99 5l G losl o adlae @Bl (S il g Slug )13, SOle

Ll a2



38 o) Ked 5 iy |mg shylsoale (cloodls j oolizul b (s5,9LiS JuSiz il

g g0 0daline Y VY

2009 2010 2011 2012

2013 2014 2015 2016

2022 2024

Bl e O e e O e ey
T A 5 e
T wea s By JAuSis -y

oA gy dilaie ;0 YLy SPEI JluSis asls JilSe ayj98 # JSO

slaail> s bl &5 weo o plis (s GBe @ (o2
Jlo o Lol oy 00l a8l jlao axl o 4 G039 e
= B P E L A ES NP VR XSO SIS PW-P VI VR VRV I R B o
w3 oo plis Gl S (b Sl 05,5 3985 55 Jld (85
Dygods 5 o 4zl y0 (LAl 4 dgaome Koo (St wnld oS
03,5 Sy 39S LAl G Ceew 4 (0 Eee S

|

oxsslis a5 al glolis SPEL (asls (LS, o sasas g,
ser @ VoV Lol ewgdiegsi (Jlsas 56« adlae 595
ShSisr b o)l ashis 5l glodes e YY) o ol
aloads jalls acas o S5, 20,0 sbaSd g oad Clawgio Ul
Gad Yo VY 0wl Susby 515 (2,05 <l el sasmsylis oS
ISy aib o)y oty bl 5 azil il JlSas
g el Wi,y pl ol alam YoVY Lo wad «auas U hawgie
58y Rl 45 wim3 e ol |y S K, 03,28k laaii
Syl Sl b pbgee g prwy b jo b JLSiS»
U5 SPEI Lyl p o g Yo TF Jlo 40 cCgled 50 ol (sagll
3l ases)) azlys ppl ase> U5 Loy 5 as caslie 09
ade saaolis a5 wl bl B ool JlSis» cossy
S el g (LB)k adlhe st g Syl adlie S

wel dilate nsST (6 pdypee 5 Sud )l
ot 2 e @lagsl 2ay SPL a3l &5 Jb> sl nbs
YoYE B YY) 050 b SPEI Lasls Jubow S o oSaie
JLSis wadd 0 G5 g S g Les G &S aed e LA
5 ol mle Gy g0l 5l cel esd 3Ky e
Byo & 5 ()l 5 Cupde e b ailaie o (55,08
GBS ibey (aSE (goglS gz 250 23k Bk (el
30 Al g EalS Wy, a5 wes o Glad YeYT U YNE o5L o
AL s oole glug b gladaxd (L) G aeg,l b
oo il 5 L 5 5 555 S oazaspli
et (o @lpS llyd po (o alinl sladle ool
1o Ll S bl gos b 1) 0g5 ag atuly LalS ide
adhie (Jagj LSbe YoV o VoY 055 090 SLL slaJle
S slalias 56 sgamme (0L Heax b (S a5 oo glal e 4
S Sl O Kby s Gal Lo oed onalive Jlly (SKijew
Ol el eals «laiy ) cans Al o> ol ddlaie piwsS]
Ciz Ol LS g (i sleoygn IS5 Judoa ol S s wal> e
Wy 3529 L 3 Cusb) ST (> g wad o0 S I Cagh,
L i s 8 e pll Ssls 4 o] JU il
6399 Cugb) 4 Comd aSh b o SRalS Lia kS il



VF-fF ‘Yo)Lo.»i} Al 0,99 au/).o.c (g0 O M)M J)[w",/‘-u

39

Iy oo gdaw slos Gl Olyss VIS o oadadl )l gloaiss
ToYE BTN ol b asagyl axlys SLbl 5 i 4> 0
slayell (nfpee 5l S plpea a3l Gl wies e olas
(Sl RS andeid (o GloaisS i 18 g0 3 o
Sl adlate (So3elsST sylwl Julos g o)y Jlsias o)l
o8 B (GeelS Yor 5l 58 ol 5l bass 5, ganaalb
bl 2 Sl sled g byS wal Sy (onsls YO 51 i)
el 1l g 55 ,5LaS

Waogyl o 3l e BB i YWY B YN el o
lod eogazma ;0 zl )0 o9z 4l 5 2 Jled (29 hagns
P YL gles mie ol awl anils I3 ST YO 1 YL
ol plidl g olS b (rels saeslis (S sl Lo
Serdy iz Cal olS g Cusb) W36 sl dndyeS e
Gy el falS 5 S gl il 3ym g i Gl b
SlaSis Wals die) g 039 ol e VCI g NDVI wiile 2LS
6ol aS” Cewl (gloygo s YoVA Jlo il oo )5 ol )8 1, 2l)5
Fe s @ GBS, 5wl Sggy swpeme psbay adlaie >
5 b gl rald by oS wladl, 5SS bacs o
ol 2 5 S Bl by o il ol b b el
5 3 Sleea Jlo en ;0 NDVI iol38l b Les s ()
ase Yo¥e b YN 5l Ll oS fow | adhse b5
baid p 20,0 99,5 G, g oad b Lo ol slaasles
ouls Eel LS gy omu 8 C8l g0 pl o e LI
Sgh wadd LS ibe G SB S Wy,

Jlo 5l e 85 03 Lakie YoYE L YY) ol Juloo
Al> o SO ol aSly sl aslol Lasas dslaie > aig, YoV
a5 aes oo lis Al YoV o Cnl oads 51,8 5 oigdiagaid
)|)3 0;915 YV YD @Loé 0dgdZta 4O o )‘ (=9 J‘-’U
JeTY jo e e plas | ‘_,,_'i)|)_> O o,lge )‘LéT PPV
Croms 4y Aoy CBS g Al AES 508 g ()L slaasd
| ob; MS)} ).s..b.\.w G'Lo)f .la;‘)...u

LS by el YA L s 85 cd o jege 45
b e Ol eaiaolas &5 05 g dge SLSL ©)90ns
G YY) ol o bl og S5 T cél,s Lylys o dbhs
P Sy edd al LS ek e ol opl VAVY
g il il @il sgzy Sajl &S glajis
SG 5l ddlaie a5 o o lid gdse cpl el oaid cud aLS
o) Gees g S)lisle JlSis G ojly « 8ge JLSis»
ol oals

aS Cowline opl @ 4l cpl (S g Ol lo o ppae oS0y
s iy Sl 1 42335 Gl b g sl bl
Sl s pied 7S des Sy e o Bla> e waesls 4y
0l (Slalo o 4y ddlaie piiowsST (o O jle @ ol S
gy 5 pmd e 55 e g5 sl Sl (g0 o5
REJURSYIN o

-
at
3 A

2014 2015 2016

D e ).
L
- > - »
2017 2018 2019
— ~
] \ N , \
/ ) y
P e »
i \
>
2020 2021 2022

2023 2024

- - e ;
- e ’
s

YoYFBYNE Sl ol Cossid o lgale jINDVI asls ¥ JS&



40 OKed g ciugp | g sholsale (sloodls jf oolizul b (s ;,9laS JuSis il

Slr el e sloasls 5l (S plgeay VCI a3y
boamlio o 1) (aLS idg Coxdy ooly) Jlsas b
Ol (o)l oyg0 o eadaed wb, bl s e
YoYE B YNE ojl bV S 50 VI glaaiis Juloo .ams s
Al 55 degyl azlys aihate Ll hig b, a5 el o] KLy
Gl 55 sl a2l glal o g o, g, canll L2
SR« ILSes gar asb o el plael i VNP B YT
ool & cwl i ddhie mhe 0 e (K g 488
S Caghy 4 (GBI oy 5 (AL b (o Sl
5 850 sl )3 (28 g 05 eI VY Lo s ol
Slad oy alS il aeo g lis aS wileads el Jles
> yo o)y cmey mhw sles Gl (Sl el Gloes
3 Jlos 89 9929 b 15 (l el o (agh, S Cen
dilaie Ay g ond Jowi o B YeNA 5l sy g YA
3y JLsid jl plaasd sgzg Jlo onl b el bl sgnge
3 (2L b (2bib oS wedse plis ddlate gl g 550
Oesu e VeV Jlo o Csl 00 dgamme g (il o oy
2 e slaasd Ll oyl b B consy a1 b
S amsee i et S L bl 5 axbys 4 Sep (e
b llys ) S g sl S bl (e cnl e ol 25
e oS (2Ll 4 0B alS rbgy o lawgie

el b, a5 wd et YoV Jlo b s 2.8 L
=y JuSis 5l oz d e 0)ls YV - Lo I g VCI
P rS (ggme Hobay Sy 2l e VoYY o el oud
oL (g s 28l 5 Ak s Sl oz 090 5Ll Ly oS adly
GoaS) 5 azdly il A5 ol Sad YoYY sl Cush, 4
3959 eamaslis &5 wiload yalls ddlate Cgix g S e 40 o8
el €l JLSasy Cundg 4 2LS by Sl (i
ol 5 onds i add L dib 4 jod S, FATY Lo o
deg)) Sl Slacile g (550 (53)5laS (Al SLi oS Sas e
2 Bl Whad gy Sl g 5 ol AT Cundy o)l
sonlic 0)30 JS ;5 ely; JSis oy b Y- YE
S b o Sl G dilaie gen Loyl g 390
RIS SRS SR N BREISS FERCH P O PC I

Olyeds 308 S5; g odm; (Slom alo o 4y Sy VoYY JLo o
s &5 GliSa il o jalls blie i o & 4idb
S slos I 0 Jled (Al Sl gogamme Jlen Glo i
1 oy50 JS Lile,S coayiosad Yo YF L aouls 5o alonsls 3L
D 5l 5l sloo (pyme po ailie JS Loji 5 ansie ol
dilate 5w o oLt Lo yF 39Sy ol ol 48,5 5 CppslS
Sl G Samdg o)y Cogliie Gle Y Cundy SG
ol ) Y A Jlo anlae Lol oals « 51,8 4 Il
b lgi a5 s e Las YeVF 5 YeYY sl Jlo b (Gl
Jlo o sl anly 2alS Saday Lo Jowi gl pimssS]
5 2z 1) LyS og aluly olS Gidsy g Cugb, o929 Yo VA
G i orbatie slagt )l > 3 slalo o Ll S fhass
oS S o 05T Condy opl Wil xa glos LialS o
Cagh) 3gmeS Azl i oy90 SLb sladle o Sl
Cedb el g LS e s)lSle adies 00 oS
Supde g bod S8 conlpln el LS s o adhaie
S5o9tS Syl 9 S3elsST sl lacslow jo b oS

gd 4i8)S S50 (o Zodgl G plgied aneg)l 2t

P Lo - fc}

= ) = =

"“."At_> —{: R = 'C,
p - SN

»

2014 2015 2016

. Al N L9 ’
g Ga el G B o
e d = T

\\f’

>
2 =B T4

2017 2018 2019

SN |
Lo - 2 =R

‘ d a"\\;,‘g

2020 2021 2022

2023 2024

YOYFBYE Jlo gl casadd o lgal j LST Lasls A JS&



\F-f sYo)Lwi'J Al 0,99 ‘u/j@.c (g0 o 4-«-9)»“—0 J)[M’JM

41

59,5 BSS, « Il i 0y paed sdmsplis ol K,
S Sl 5ap 5 slesed 5, 5 lagte > Sy 2
ol Gliaedy TCT ol jlade aiws €l b ol 5>
ceal QLS 5 Lo )S peins )Lid g (a0 lans (slod

O atb o dalaie 3l g0l (isu YV LB YVY o Jle o
Sgdon odalin LI ©jgoh ol K, g andls 13 Sl
95 e G o 3 g SBe (LS bg 3529 caimslis oS
9 00,5 et Led Comdy o )bSua VoIV Lo jo el cosb,
PSS Libg a5 s co s (loged § (20,L 00, slaasd
L Condy ol ol ool wals o)l jles 5l slad> e 5l
5 5, oS cisllae Jlo e 0 LST iol58l g NDVI als’
el (o sled (Al g e 205 Slojen ik

aib yo ashie mhaw aen Lo ,&5 a5 conl gloygo s YoVA Lo
et alS saamsplas a5 )l 8 Sl JLsias (en
ol sl olS s S lauwg Cosb, Qi liEl g oxaw sles
i oaalie 55 VCI 3 NDVI slaasls s a5 aisS nlos o JLo
9yee Jledds (oS iy 2Lk g (G Jobs Jlu

g Ngd oo ol Jl> 55 gleasd Tsase YoV L Y4NQ
s o3n SB L alS sy 530aS opre o o bl
Soxdy (pl Meboe A5 akb o)y Sape Wil B
o) JleSas 050 zgo T 5l iy o> a8 Cowl T sasasylas
ailen 1) LS baw olg Ko ashis 31 gla sy (VY-
FeVF LYYy sl b Judos aailas oye0 olowl sle L
ol gy B oly Gyl 1S YeVY Jlo sl aS ol aseie
aS 020 oo lis g Al S S5, 205l e YoV ool
GaSI Y- YY jo el 5,138 51 > 0 S tisle &hgoa LS
Sy 5o Lo o wiman ol 5 oo el 508 5 cslostd
Ui dilaie il L Sy Sy 4 oSl i e sty
Wl Sl S 58 ashie S L..i,c.: YorY ol onds
Baled amsige s 511 Les oaad pls (LS iy 5 5500
odalice 0,98 ISy gyl i Jlade i YoVF L g
oxildg |y clds mhw co Sy Ojgod Sloged ) 9 9gd 0
o ks (aLS (bg oS wedee S Cumdy cnl el

sl 5 amged olas e STy SamolisS b 4 Bpo
el 00 (ab mre i G5 GRalS Al e 05l ] e

a2 o HLES VYT B VY o5 jo VCI [asli aig, cfgamms
25 00,8 e SSILLE 5 Sl Coxsy Syl adhaie oS
Sl Gind 5 ol JLSiS i a4 3] sl L
SECasb) Cupse ol gedge (nl D550 S piesS]
Silel 5 S-S (Bl slaty, 5l esliil 5 e 2als
P Gbe e Ghle gl i ln ) wedee
WS o Az

2014 2015 2016

2017 2018 2019

oy Sudis -bﬁ-l.b‘
M s
Y-YPLY-VYF Jlo lp casasd o ylgals 5l VCT o3ls A S0

S Gl (il (AT e a3 ls gy TCL alo
oddud glod didin § 4o 4 Cod 1) olS by LS
abgye JS0 0 cabdsl)l leana oo oo lis Fuyl 0,9 o
s Glp YeYF LYY 5L o ) o)) JSis cuxs,
asd cpl ;o e oo Siuled cudgandil Ojgods dg)l



42 OKed g ciugp | g sholsale (sloodls jf oolizul b (s ;,9laS JuSis il

DO s pa) 395 o 0 35 VHI gVCI NDVI L LST
30 onte e s oo iolidl oo e las aS (-2 9 -2 .00
2yl olS el g 2LS ibg als

MalS Voo s b VCI g NDVI glamsls Ko )b o
dewle NDVI olil s VCI aST,2 g, oo jUatil a5 wilaiuen
ol 30 VCI asls a5 08 oo ol JolS Stacan o 09 oo
L NDVI (yoizmen .Cowl odds zl5ciwl NDVI 51 st o Julows
VCI 5l oS5 55 VHI |5 )l « AP (648  Siwon 55VHI
oS o ls o a5 wws o plis b Siwcen ol .ol TCI 4
BLS cdles slo a3y wog i (NDVI) (Sijen Conds
5l Sgupo jus

el 25 ibg gles Cuxss 3l UL a5 TCT asls
5 (+:00 <o) VCI g NDVI L o5 JB Cuie Siion
o oS gley a5 aws o plas ol oyls (A g 5)VHI
als> e 5 aujew o515 5 QLS Cwdle sl 1S 51>
aS o)l o FY San g0 SPI L TCL fpizmen 09
50 &S Lo ol 4 el e o slos o o5l Sl edims ol
5ol Vgene 35 xbw &)l Sad YL SPL L 5 sl Jlo
ke

0a>l2) SPL (s (nl 5o pie (ool slaa2ls (S
NDVI L awogie Bans oo Staad 45 Cenl (U345 sl
aS o dwl polie ol .ols VHI (0.54) sVCI (0.54) (0.55)
axsls Jlisar |y (oS Gidsy Sunds gt Sk Gl &5
Yozl oS wiies (593 SlS by Stecan ol (Jb> ol b ool
Sopde b SEgg e pla K00 Jelse lojes Ol 51 Jdoas
655 sl (Ko 03 e A5 el ailate 3 (55 9laS
ol el VCI (0.86) SNDVI (0.86) (TCI (0.90) L VHI .y
S F Camdy o934 VHI asli a5 ses 0 lad adl
ooliinl (nlply was oo SU3L T, (LS ide Syl g (Susb)
S $ 5550 lpl Wlgiee (oS 5 2P S lgreay VHL
ol wdl ol JlSas b)) Glp s sty &
aile Siddes g Sis bl 4 bgye llllas ,o oo

S ool (6 yion Sl deg )l azly 10 abe>

1y LS ads g Cugb, Cdx e Al ol A uels

el ooly s I le e el
sl sldls o gl JLSes a5 S e ol Wy, ol
3 S g 008 Jee (AL ile cw B ol Jele plpea
OBl gt JyuS Lo )S a5 Gloj b e (orhaie (5)L £985 &9
Olped wlb oS 5 Sb bli> gl by, Gayb 5l pediiens A6
ST bl 5 65leS rytebn ol slajee 51 (S

Dgd 48,5 Lai 1o daeg,l Clo

2018 2019

2023 2024

g gt [T A e
el

. e
B o s

YeYFBYNP Jlo ol cassdd o gl 5 TCT et A+ JS2

S (hte (Shwrad e filo (] 0 azg LB A s
Vot coypd L TCL jasle 5 (LST) (e b slod (m 553
s slos bl 5 SIS TCT oS ams o Lis ke ol .Cuns
5 TCI ialS g Lositue LST (iol38l 5 ool ouali (yue)
O 59 (he (Ko (ized 9d o0 (Sl G Gl



\F-f sYo)Lwi'J Al 0,99 ‘u/)a: (g0 o 4-«-9)-»»«J L;)LVJ‘,/M

43

Gl e & VHI 5 VCI slaasls L NDVI asls
Ee9e ol Cawl (1= 0.86) 555 5 (r = 1.00) Jolf Siwron
Codls Copndy Loitns iy 5o Olpis oS a2 oo olis
laslllae 08 (oo G 1) (65 JLuSas wad 5 aLS iy
0595 o [YY-YF] T o Sen 5 2 9 T, S 5 o, Loy
VCI a5l L NDVI S ols olis 5 ae oley <l el
=l b JlSis Bl @l s sl 20 YL San
oS cos bl ;o ohgt WS (o0 Joo wleo Jlews (Jad
sl

S (Sese s VHI L TCT oS sl lis yozren gl
(t =0.55) coie Siwwad VCI s NDVI L 4 (r = 0.90) YL
OllS Syl Candg g S Cul G Sily Lly, ool o)l
) 1, LS by 5 st my M sbas e
Col Ll ya [YO]20) San 5 Ko slaaily b Lo gl .oms
3o s TCT Liglidl b o, b o LST falS wis S 3155 o
P g @ (2bik e las g Sesl ol e VHI Sl
el by sla Lo 53

SVCI NDVI L 58 oo dowle (5,6 a0l a5 SPI Lasls
Pyl ol ogs +.0F 5 +.0F .00 Ssen sl o5 3 VHI
25U oley 3t L dihaie [0 Y sla sl a5 wims e lis
o ohen g KI5 addllae jo il s sloatle 5 e
a2l S, Sloj o3 ;0 NDVI L SPI a5 o ools olas 56 [Y7]
Wb oo Gl ¥V B Gaeasds laosl jo 5 0.0 dg0  Sien
2,08 o Lal b ez slagSl 4y LS wl,  Kials 4 a5

Sy g wsSae LST L + ¥V Jolas TCI 4 SPI s Ko
Jsbds Wiy e L5)b 45 wms e plis ol s LT - FY L
SIS 4 e s 5 ST Cash, i G | i ek
5 Go,ws hwg ladlas 00,8 sy mhw  les
as ols plas g 0,8 a1y alaly ol 55 olal o [YV]Y o, e

13 Rahman et al
14 He et al

15 Ding et al

16 Zhang et al

17 Dastigerdi et al

Ok ed (r 4 aad e (LS (Ko o Slo (pl (Egezma jo
Lulg, cnl bl wjls 092y pasrin laly, olS jide cuxdy g
ol 5 (So3elsS| liss Lelse 5 Al s s kS

L bogte Gla Snror o a3l 5l (S p &5 9d0 czge
S SKar (Jl pl b airs liS oo 4 Cod g Shns

avs o Lis VCUVHI g NDVI oy by « TCI 5 LST (y (3
sl slaasls LUl o el; JlSias 3o il gl a5
PO Cardg 5l 6558 pgal il e VHI wile oS 5 5

a0 4l GQL..? Oy

LST
NDVI
VCI
TCI
VHI

SPI

LST NDVI VCI TCI VHI SPI

Jses o asls ol Siuwan b, V) JS8

s g con ¥
5 ol sloatls (p (Saes vy p slllae (nl o
shls (LST) () ghaw los ozl a5 ols las o
VHI (1 = =5 TCI (1 = -1.00) b (655 s siie (Kiron
o) b slos a3l a8 oS o anl bt opl 2sl0.90)
L L sl o)l (bls Sl po wais 5 ceslins ,50
[V e g 2190,k o ' o)) Ken 5 Silga anlllas guls
5o ol sa)ls Slsmea i plxil e Sitddes Gblia ;0 45
Sada s JlSis gleoygs o LST a5 wis S 5158
)3 e Krad ol bl (sl a3 L 5w e ol

1 Huang et al
12 Bhardwaj et al



44 OSad 5 sty g sy lpole (sloodls j oolizwl b (s ;,5LiS JuSis il

ool e o LYY oh9a o YoV VN0 sl Lo a5
AP oy Yoo 5l sS4 VHI cdl g NDVI gus o
L YA Jl a5 b o wilosg dilie JLSas sleo,go
3 Gloygs TCI azlis see 9 +.F YL & NDVI i)l
el 035 4373 1, Syl ik

L o505 bl LSt 0,58 5 0t ey gl s o
axbyo Ol mhaw ralS y (Lol)] o)l Dl (el Sllogs
YVO 5l im0 ey g b (oSl iali8l cnl ails
YO« 5l eSS @ aVle Sai)b als § S sl Jlo jo pelS
WAL 5 S Sl atld e Sl 4 e e e
Gro el 8 05 o 2l @l ) b ST (g bt
5 ot S St 3blie s JLSES Ll sl i
gl (o) 2 Gloied S50 s ey 5 SO SIS b
55 AL el 5 plgiea VAL (a3ls (paghy cnl 5o
ST b s e el JLKtS olulis s
LS by Cadls i il oo g Cash, 8l lajen
S 5 as ol las g bl gla fudow S s oYL S L
2l oy eolatul a4 cud slojlaale g cend8l slaosls
I, JlSias Lyl b canaal cds ao )0 YO og0> U asls
ShSis o a4 sls lid mls wodledy s o il
e Sl e a B g 5l am 4 VeTY Lo ) ddhaie
el oads 55,5 GlLS (g )slol rals yo oo Shki g il
sla Jlsias (b 5 snyaelin 40 09d o0 drog (bl (ol 2
sy § had Ojg0a VHI sile oS 5 sloazls 5l o]
3 eslawl do Judo By moldl glp aioren 00,5 colaiul
30 MBlg yed g S sles (S Cusb, Jolss sy (srosls
Slalols arwg ogd oo slpiinn 905l i slaosls LS
5 ordle x50k Gladae (i JLSiS g lade
Slgi oo 505 SPI 5 LST NDVI (sla asls sl slaosls
il JUSAS 5330 (i 9 Sy Supde 3 ke
iy 5o 4338 Slallhae 1 g)keas a5 55 o LAl b woles 5o
ol 2Pl 9o b Sy oS 4 e aeg )] cults LSS
Bl Syl 5 gusby Sl gloyea byl 5l g e dgace
g aaslinizr 60,505, 65554 50 Giagl ol G sly wileails

VE Gl eShe jeba (Sosbye) YL SPL L el
ailassls LST (1Kl (o (gla> o
b oYU (St sl VCI 5 TCI 5| oS 5 45 VHI _asls
w0 plis ggdse nl )l (S)l> 5 (AL laatls ples
AW Ul ot slagatls b amlie s VHI o
YOV asle e sla o oo o) el sloiss olulis
wsls 1) TCL cp 3oyl 9 LST lade (pyion a5 Vo104
5 wab JLSis s Gl s NDVE ials L lejes
YA asle 5 gl lo Jud=s o oS 0l .aisg VHI glaasas
dalaio 4o [¥A] A Gz oeeh mlo b b sloasdl og jusSas
@ e Vb (Sl slooysd ol jo a5 ol Sialon i Jow
el JSas cos corlas malS s VHI jasls ag
ol (65,9LiS (Lol Julds a5 aeg )| alaie JLslo 4 azgi b

Jelos sl b asls oS 5 el Sisdas oud8l § ol oS>
Sl 55 e 99 2 L VHI (668 (Siwon ol (55,0 5550
5 JLSis S e ;o Wl oo paSlh Gl a5 WS oo LT (Sugb
ol ml wolys o bl alily 65 LA ()l sl
3905t o el 5l S 5 colaiul a5 wes o lid hesh
sl asldl glo_asLs ol jena VHI 3 TCI VCI . NDVIasle

WS 5o 6 oline jebas | JaSis il wlgi o LST 4SPI
G GBS &S aes oo (LS baat Ll (nl (e YL sla Ko
Gl 5 Sl ol 098 31 By &5 aag | s allate o LS
S Ll 53 o505 aaidly cnl indy a3 55 e el slas
Sas 2y 0wl 65,0laS seanl Gl o], ol
ilecse ol 2 yenS

Q‘ol.qj..‘..ﬁ 9 LS);‘*"“.."‘ 0O
Aoyl Clis oolS jilg aS oly lid ieghy ol sleaisl
5 it st omelil laailge il Cod gy B sba
s GUE o Ll 30 15 e g sles
NDVI slo axle o lobos g Yo S Slo sollil
aS (1>0.85) el SPEI ¢ SPI (sl ja>Ls L VHI 4 TCI VCI
Cadl 5 (Gl 5 Shok) SRS plojen GhE eaias il

18 Chere



VF-fF ‘Yo)Lo.»i} Al 0,99 au/).o.c (g0 O 4—¢-9)~M-’ c{)[w",/‘-l"

45

Rep 2025;15:1-14. https://doi.org/10.1038/S41598-
025-95418-
8;SUBJIMETA=242,4111,704;KWRD=HYDROLO
GY NATURAL+HAZARDS.

[4] Kheyruri Y, Sharafati A, Shahid S. Evaluation
of the impact of large-scale atmospheric indicators
and meteorological variables on drought in different
regions of Iran. Environ Earth Sci 2023;82.
https://doi.org/10.1007/S12665-023-11015-W.

[5] Kheyruri Y, Asadollah SBHS, Sharafati A,
Rahman A, Mohajeri SH. Examining the effects of
meteorological drought variability on rainfed
cultivation yields in Iran. Theor Appl Climatol
2024;155:6427—-44. https://doi.org/10.1007/S00704-
024-05013-6/FIGURES/9.

[6] Rembold F, Meroni M, Urbano F, Royer A,
Atzberger C, Lemoine G, Eerens H, Haesen D.
Remote sensing time series analysis for crop
monitoring  with the spirits software:New
functionalities and use examples. Front Env Sci
2015;3:46.
https://doi.org/10.3389/fenvs.2015.00046.

[7] Asadi Zarch MA, Sivakumar B, Sharma A.
Droughts in a warming climate: A global
assessment of Standardized precipitation index
(SPI) and Reconnaissance drought index (RDI). J
Hydrol 2015;C:183-95.
https://doi.org/10.1016/J.JHYDROL.2014.09.071.

[8] Kheyruri Y, Neshat A, Sharafati A, Hameed
AS. Identifying the most effective climate
parameters on crop yield in rain-fed agriculture and
irrigated farming in Iran. Phys Chem Earth, Parts
A/B/C 2024;136:103744.
https://doi.org/10.1016/J.PCE.2024.103744.

[9] Ishaque W, Osman R, Hafiza BS, Malghani S,
Zhao B, Xu M, Ata-Ul-Karim ST. Quantifying the
impacts of climate change on wheat phenology,
yield, and evapotranspiration under irrigated and
rainfed  conditions. Agric =~ Water = Manag
2023;275:108017.
https://doi.org/10.1016/J.AGWAT.2022.108017.

[10] Narasimhan B, Srinivasan R. Development
and evaluation of soil moisture deficit index
(SMDI) and evapotranspiration deficit index
(ETDI) for agricultural drought monitoring. Agric
For Meteorol 2005;133:69-88.
https://doi.org/10.1016/j.agrformet.2005.07.012.

Jl & VHI 5 TCI .VCI NDVI SPEI SPI sljen Julo
w5 s elld G bosss lp a5 el YeYY
ol el a5 gl 3 ) Sl ged 4 0L g8 5l Jlses
gl Copde sy gl (@58 plreas Wil oo (Lo 092 )l
330 558 Sisdas 5 Sis bl plu )0 5)ylis 5 o

20,5 1,8 solaul
3 i Slalllae iy a5 cu Olese els sanre> ;o
Syt @k glpasls p boasg)l cls JLSis oje
oxte M5 bl slr (B i 2Pl Sl ks b sy

S JUSas w0y s panis 2Ulys Jds e 4y ilaid S
o9y Sl 00 dgame bl jo gl Al 4 o)L S
SPEI g SPI sla jamls ylojer pléol b imghy cpl jo caldsl)l
&) VHI 3 TCI .VCI NDVI (sla a5l o (cosldl o (51,0

5 oo i YoV Jlo b s 3,58 5 (> 5 s o
L s oS ol oals gy al>yo 0)lg aeg,l s jo JLuSas
5o odbdll )] 0,85 g, oplply s plobis LB Swjb Jdss
e 330 5 5P ey S Ol Sl GRS 0l
g i gble )3 5,0laS Ryl 5 JlSias Cupae

3,8 )18 oolatil 8,50 Sidons

&bl

[1] Han Z, Huang Q, Huang S, Leng G, Bai Q,
Liang H, Wang L, Zhao J, Fang W. Spatial-
temporal dynamics of agricultural drought in the
Loess Plateau under a changing environment:
characteristics and potential influencing factors.
Agric Water Manag 2021;244:106540.
https://doi.org/10.1016/j.agwat.2020.106540.

[2] Gomez-Gomez J de D, Pulido-Velazquez D,
Collados-Lara AJ, Fernandez-Chacon F. The impact
of climate change scenarios on droughts and their
propagation in an arid Mediterranean basin. A
useful approach for planning adaptation strategies.
Sci Total Environ 2022;820:153128.
https://doi.org/10.1016/J.SCITOTENV.2022.15312
8.

[3] Ceppi A, Achite M, Toubal AK, Caloiero T.
Mapping drought characteristics in northern
Algerian Basins using the ERAS-Land dataset. Sci



46 OSad 5 sty g sy lpole (sloodls j oolizwl b (s ;,5LiS JuSis il

Miralles DG, Piles M, Rodriguez-Fernandez NIJ,
Zsoter E, Buontempo C, Thépaut JN. ERA5-Land:
A state-of-the-art global reanalysis dataset for land
applications. Earth Syst Sci Data 2021;13:4349-83.
https://doi.org/10.5194/ESSD-13-4349-2021.

[19] Molden DJ, Shrestha AB, Immerzeel WW,
Maharjan A, Rasul G, Wester P, Wagle N,
Pradhananga S, Nepal S. The Great Glacier and
Snow-Dependent Rivers of Asia and Climate
Change: Heading for Troubled Waters. Water
Resour Dev Manag 2022:223-50.
https://doi.org/10.1007/978-981-16-5493-

0 12/FIGURES/3.

[20]  Ghafari L, Parvishi A. Climate projection and
drought assessment in the lake Urmia basin using
LSTM-based downscaling of GCM models under
SSP scenarios. Phys Chem Earth, Parts A/B/C
2025;141:104134.
https://doi.org/10.1016/J.PCE.2025.104134.

[21]  Kheyruri Y, Sharafati A, Neshat A. The
socioeconomic impact of severe droughts on
agricultural lands over different provinces of Iran.
Agric Water Manag 2023;289.
https://doi.org/10.1016/j.agwat.2023.108550.

[22]  van Dijk M, Morley T, Rau ML, Saghai Y. A
meta-analysis of projected global food demand and
population at risk of hunger for the period 2010-
2050. Nat Food 2021 27 2021;2:494-501.
https://doi.org/10.1038/s43016-021-00322-9.

[23] Bogale T, Degefa S, Dalle G, Abebe G.
Spatio-temporal variations of drought in the Welmel
watershed, southeast of Ethiopia using the
vegetation condition index and standardized
precipitation index. Ecol Process 2025;14:1-21.
https://doi.org/10.1186/S13717-025-00605-
0/TABLES/3.

[24] Yang X, Zhang W, Lv A, Li T, Yin P.
Propagation  dynamics  of  meteorological,
agricultural, and vegetation droughts in China. J
Hydrol 2025;663:134284.
https://doi.org/10.1016/J.JHYDROL.2025.134284.

[25] Won J, Lee J, Kim S. Vegetation drought
condition index for probabilistic monitoring and
forecasting of vegetation drought. Weather Clim
Extrem 2025;49:100786.
https://doi.org/10.1016/J. WACE.2025.100786.

[11]  Wang Z, French N, James T, Schillaci C,
Chan F, Feng M, Lipani A. Climate and
environmental data contribute to the prediction of
grain commodity prices using deep learning. J
Sustain Agric Environ 2023;2:251-65.
https://doi.org/10.1002/SAE2.12041.

[12]  Das S, Das J, Umamahesh N V. Copula-based
drought risk analysis on rainfed agriculture under
stationary and non-stationary settings.
Https://Doi0rg/101080/0262666720222079416
2022;67:1683-701.
https://doi.org/10.1080/02626667.2022.2079416.

[13] Alam E, Hridoy AEE, Tusher SMSH, Islam
ARMT, Islam MK. Climate change in Bangladesh:
Temperature and rainfall climatology of Bangladesh
for 1949-2013 and its implication on rice yield.
PLoS One 2023;18:€0292668.
https://doi.org/10.1371/JOURNAL.PONE.0292668.

[14] Guo Q, He Z, Wang Z. Monthly climate
prediction using deep convolutional neural network
and long short-term memory. Sci Rep 2024;14:1-
17. https://doi.org/10.1038/S41598-024-68906-
6;SUBJIMETA=106,4111,694,704;KWRD=CLIMA
TE+CHANGE,NATURAL+HAZARDS.

[15] Danandeh Mehr A, Rikhtehgar Ghiasi A,
Yaseen ZM, Sorman AU, Abualigah L. A novel
intelligent deep learning predictive model for
meteorological drought forecasting. J Ambient
Intell Humaniz Comput 2022:1-15.
https://doi.org/10.1007/S12652-022-03701-
7/METRICS.

[16] Javadi A, Ghahremanzadeh M, Sassi M,
Javanbakht O, Hayati B. Impact of Climate
Variables Change on the Yield of Wheat and Rice
Crops in Iran (Application of Stochastic Model
Based on Monte Carlo Simulation). Comput Econ
2023:1-18.  https://doi.org/10.1007/S10614-023-
10389-0/TABLES/11.

[17] Wang M, Jiang S, Ren L, Xu CY, Wei L, Cui
H, Yuan F, Liu Y, Yang X. The Development of a
Nonstationary — Standardised Streamflow Index
Using Climate and Reservoir Indices as Covariates.
Water Resour Manag 2022;36:1377-92.
https://doi.org/10.1007/S11269-022-03088-
2/METRICS.

[18]  Mufoz-Sabater J, Dutra E, Agusti-Panareda
A, Albergel C, Arduini G, Balsamo G, Boussetta S,
Choulga M, Harrigan S, Hersbach H, Martens B,



VF-fF ‘Yo)Lo.»i} Al 0,99 au/).o.c (g0 O 4—¢-9)~M-’ c{)[w",/‘-l"

47

[34] He B, Zhu W, Zhao C, Xie Z, Zhuang H. A
novel index for directly indicating fractional
vegetation cover based on spectral differences
between vegetation and soil. Remote Sens Environ
2025;331:115056.
https://doi.org/10.1016/J.RSE.2025.115056.

[35] Ding H, Ren Q, Wang C, Chen H, Wang Y.
Exploring the relationship between land use/land
cover and apparent temperature in China (1996—
2020): implications for urban planning. Sci Rep
2024;14:1-17. https://doi.org/10.1038/S41598-024-
53858-
8;SUBJMETA=106,172,704;KWRD=CLIMATE+S
CIENCES,ENVIRONMENTAL+SCIENCES.

[36] Zhang S, Li J, Zhang T, Feng P, Liu W.
Response of vegetation to SPI and driving factors in
Chinese  mainland. = Agric = Water = Manag
2024;291:108625.
https://doi.org/10.1016/J. AGWAT.2023.108625.

[37] Dastigerdi M, Nadi M, Sarjaz MR, Kiapasha
K. Trend analysis of MODIS NDVI time series and
its relationship to temperature and precipitation in
Northeastern of Iran. Environ Monit Assess
2024;196:1-16. https://doi.org/10.1007/S10661-
024-12463-Y/FIGURES/11.

[38] Chere Z. Developing earth observation-based
combined drought indicator to monitor agricultural
drought in Ethiopia. J Hydrol Reg Stud
2025;60:102556.
https://doi.org/10.1016/J.EJRH.2025.102556.

sle asg> 1S1E 5 wad sl JLSis )y o S [VF]

FEAFAY YO gLl Ly, o Ldlas Ll JLo Yoy 0] )

https://doi.org/10.22034/GAHR.2025.501937.2372.

R e need G s e S o o> [TY]

wode ol able olpl o JlSes plas e ol

R AR A

[28]  Kheyruri Y, Sharafati A, Neshat A, Hameed
AS, Rahman A. Analyzing the impact of socio-
environmental parameters on wheat and barley
cultivation areas using the geographical detector
model. Phys Chem Earth, Parts A/B/C
2024;135:103630.
https://doi.org/10.1016/J.PCE.2024.103630.

[29]  Shayeghi A, Ziveh AR, Bakhtar A, Teymoori
J, Hanel M, Vargas Godoy MR, Markonis Y,
AghaKouchak A. Assessing drought impacts on
groundwater and agriculture in Iran using high-
resolution precipitation and evapotranspiration
products. J Hydrol 2024;631:130828.
https://doi.org/10.1016/J.JHYDROL.2024.130828.

[30] Khaghani Z, Sharafati A, Kheyruri Y, Hameed
AS, Ariyaei A. A fuzzy-based approach for
clustering the meteorological drought over Iran.
Stoch Environ Res Risk Assess 2025;39:697-723.
https://doi.org/10.1007/S00477-024-02891-
0/FIGURES/19.

[31] Huang S, Wang L, Wang H, Huang Q, Leng
G, Fang W, Zhang Y. Spatio-temporal
characteristics of drought structure across China
using an integrated drought index. Agric Water
Manag 2019;218:182-92.
https://doi.org/10.1016/J.AGWAT.2019.03.053.

[32] Bhardwaj K, Mishra A, Khedun CP. Global
droughts in a warming climate: Evaluation of SPI
and SPEI under 1.5°, 2°, and 3 °C global warming.
J Hydrol 2025;659:133309.
https://doi.org/10.1016/J.JHYDROL.2025.133309.

[33] Rahman G, Khalid S, Arshad S, Moazzam
MFU, Kwon HH. Remote sensing-based
spatiotemporal assessment of agricultural drought
and its impact on crop yields in Punjab, Pakistan.
Sci Rep 2025;15:1-20.
https://doi.org/10.1038/S41598-025-06095-
6;SUBJMETA=158,172,242,704;KWRD=ECOLO
GY.ENVIRONMENTAL+SCIENCES,HYDROLO
GY.



