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ABSTRACT

Drought is one of the most complex natural disasters that causes economic, social and environmental
damage and is often described as a creeping phenomenon. Drought monitoring using satellite images
can represent the severity of drought in areas with a lack of meteorological precipitation data and
compensate for its spatial and temporal deficiency. In this research, the drought of Golestan province

has been investigated using SPI, TCI, VCI and VHI indices and with the help of MODIS sensor
satellite images. Therefore, first, VHI, VCI and TCI drought index maps were extracted. The findings
in the TCI index study showed that in 2000, more than 80% of the studied area experienced severe
drought. Similarly, in 2010, 2017 and 2018, a significant part of the studied area was in a severe
drought situation. By examining the VCI index, 2008, and 2011. The maps also show that a very
severe meteorological drought occurred in 2008. In the study of the VHI index during a period of 21
years in the studied area, it showed that the years 2000, 2001, 2002, 2008, 2010, 2011, 2014, 2015,
2017, 2018 and 2021 have experienced a critical drought situation. Also, in the years 2000, 2008 and
2018, more than 60% of the area of the region was in a very severe drought situation. In general,
most of the studied area is in the range of severe and severe drought classes, which requires attention
to the optimal management of water resources in these areas.
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Extended Abstract

1. Introduction

In recent research, satellite data, particularly remote
sensing drought indicators like TCI, VCI, and VHI,
have been proven useful in drought monitoring and
evaluation. These indices combine temperature,
precipitation, and vegetation information based on

satellite data and illustrate various relationships
among them. Different studies have used these
indicators to monitor droughts in different regions.
Furthermore, combining these indicators with
meteorological data can improve drought
monitoring accuracy and reliability. According to
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Endojar et al. (2017), combining TCI, VCI, and
VHI remote sensing drought indices with the SPI
meteorological drought index can provide an
effective drought monitoring tool. Some studies
have also investigated the relationship between
drought indicators derived from remote sensing and
meteorological indicators, such as SPI. Decision
makers and managers can use these relationships to
take precautionary measures and manage droughts
appropriately, especially at local scales and in areas
without meteorological information. Due to the
ability of appropriate spatial and temporal
separation, the use of remotely sensed drought
indicators can help in the management of water
resources and agriculture and reduce the effects of
droughts in general.

2. Methods and Material

A combination of remote sensing drought indices
was used in this study, including VCI, TCI, and
VHI, which were taken from the Terra satellite
MODIS sensor with a spatial resolution of 250
meters and a temporal resolution of 16 days, as well
as SPI meteorological drought index for Golestan
province between 2000 and 2021. First, the earth's
surface temperature condition was assessed using
the TCI index (temperature condition index), which
is based on the surface temperature. The deviation
between the desired month's temperature and the
maximum temperature over time is represented by
this index. The humidity conditions are then
examined based on the VCI index, calculated based
on the normalized NDVI values. The plant health
index VHI was calculated by combining two
indices, TCI and VCI. In this index, heat stress is
combined with vegetation status. Finally, drought
indicators derived from remote sensing were
mapped using classified maps. In addition, SPI
(estimated from standardized rainfall) was
calculated in the study area and classified according
to mild to very severe droughts. As a last step,
Pearson's correlation coefficient was used to
determine if remote sensing drought indicators and
SPI index in the study area are linearly related.

3. Results and Discussion

The study examined drought in the north of Iran in
Golestan province between 2000 and 2021 using
different drought indices. The drought effects on

vegetation were estimated from MODIS using the
TCI, VCI, and VHI drought indices. Results
showed that drought intensity and spread changed
over time, with 2008, 2001, and 2011 being key
years. In 2000 and 2010, more areas of the
province, especially those in the north, experienced
severe and very severe droughts, according to the
TCl and VHI indexes. Moreover, the SPI index
indicates severe droughts in 2001, 2007, 2010,
2013, 2018 and 2020. It has been shown that SPI
index correlates well with remote sensing indicators
VCI and TCI, with the highest correlation
coefficient between six-month SPI index and TCI at
about 0.53, whereas there is no significant
correlation between SPI index and VHI. As a result
of these findings, water resource and agricultural
planners can be assured that satellite data can be
used to improve drought detection and monitoring
accuracy and efficiency. Overall, this research not
only provides a better understanding of drought in
Golestan province, but also shows how satellite
images can be used to reduce drought effects
through better management.

4. Conclusion

In this study, the intensity, frequency, and spread of
drought were found to be spatially and temporally
dependent. The TCI index, for instance, shows that
most of the studied areas were affected by drought
in 2008 (90% of the total area) except for parts of
the southeast and southwest, whereas the VHI index
indicates that the lowest spread of drought in 2000
occurred only in Golestan province's northern and
northwestern regions. Moreover, global warming
increased drought intensity and frequency estimated
by the TCI index from 2011 to 2021 as compared to
2000 to 2010. The high correlation between SPI and
TCI also indicates that TCI is more accurate in
estimating drought in Golestan province. It is also
evident that there is no significant correlation
between the VHI index and SPI index, which
suggests that other factors, besides drought, affect
plant health.

Keywords: Drought, Satellite Data, SPI index,
Vegetation cove.
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Archive of SID.ir



Archive of SID.ir

YWY aniugs g Ll yan

b g, 9 bosls
axllao o )0 ddlain

37 8Ly SBriosir (it e oS Gl
YoRYVIVE colacs boplowl opl o)l )8
Colae ao e MY saias LSy oS (2o yo o ghS
ppl dog> Colue 3l as,e WY g i8S
5420 V7 G e olml o o el )55 sl
54>, 0V 5 Jli po,recd >0 VAL agdo VY
Sy Job 4885 VY g a0 0F U aids O)
Bl ge5 5l aS ead Wy sn 5 llaas
| olnl slapsddl den Loy 5 el 1,05 5 (s>
3l Ol ST Olgmiean O 5l 5 0,8 a0
BAY e bl YL Sosb e oS o
O oliwl o ol Sl g ol i Jo AFY
Sk sleesls Lululyy ol dddllas coul e Lo
Gls a8 (1 JS) Ll oliwl oSyl YY &YL
W WWA-VFe e Slaalie 5,0 0 b5 L]
L laJulovigtyson den cigh al jo ab el
5ol ST Sl eslin
A plol ArcGIS10.8 3 RS0  oww gidals o

oy blayl (Sajl Sl slag)lral LVHI
.(Carolyn etal, 2019:12 ) ascisls

Sl egad 0 ealplnl Clidss 4y axgi L
aiallys 5 JlSis Slallas o glojlgale yslas
Gidg Slpess plelid )0 5905l onis SlaSasS
ol 00ld drwgl g iy pai (gounie o Ll alS
5 TCLVCI slaasls oyl o 50,15 5 5l aS col
oo ol 3 oalple o el Glee 1) VHI
el ool b plnds olil JlSes
SwS 4 VHI 3 VCI TCl 05l jiomins JluSis
B ean 350 mdse B lojlgale pglas
leblgn (@l (Aagh (al )3 Cpizren.calaid S
sals b (Sver copo oyn sln SPI
N I e
YU s (Sed 30 (39YL 5 ( S5,L slaools
49 SPEl g SPI a3ls (s (a0 AF g0 (o)
OF wsbye meldl @ azgi b oaslllas 3y50 B3gume
.(Lotfirad, 2022 383-406) o5 ol

Archive of SID.ir



Archive of SID.ir

YLD aacugs g Ladlyaa

VF oyl e093 3 Coms Jlw NPT lea

54°00'E
1
|
|
-t I
5
o= |
@ |
]
|
|
|
|
|
|
|
|
. |
By LT ‘
—
; X
|
2 \ o lii t £
& 7! A a | A } =)
o 2\ A \ ATy i SlE oo TR -5
5 | - N igat ) okl jTaues 2kl T hmel| | 5
2 ‘ g S5 s5al Byre A A A ===
Y < A P2 il / i i | |
] L Sslissss s A oo | N |~ 4 —
{ A )b o L»
{. S )24 y-)'U; 5Ly /\
~\LL A | sl sleala|
N 65538 /’\_/ | A
| i |
‘ | - P i 0 128 25 50 Km
! |
| | |
54°00"E 55°00"E 56°00"E

bl bl (Slallas oguzme (o Ll yrer Cuxdge ) S

Gyl ax o 4 by o JLuSis £48g (rnd jelateds
oo g ol elol a5 a3l ol el ool B yme
Ol OySles gwyp Gl el (Faiis e
aS goepdy el oad &l Lo acaas ol
Wy oo 95> e YL 4 Lo a5 LK
Crl ol s walss 093 Coled @ 55 JLSas
Slade 51 Ll 5550 ole sles Blymil e asls
ool ey 9 WS (o0 Ol Ol Jsb o i
o YL sbles dg2g (Y40 1) ) Ken 9 S
Condy baasplis 1) plals wb) bad o e
glos &S Joys sy ol JSis 5 cglladds
el 5 ugllhe Lulyd Sibo Loges oo o ol
30 a8 Sl bod @ aly 50 TCH Lzl o lo &
Lo JBlas ;0 9 a0 o] Hlade oo 5l des o YL
(Ve lals g oblogsl)iel S 1 Jlade o 5V

LS diar gl cus y0 slolgale slaocsls
NDVIT o¥game 5l ooliiul b ,ol> gl
e S &,a8 L Terra & laale wdge boiomiw
Oz 9 59, V7 Gy SIS Dy g e VO
S SSE 08 b sdiziw (pl LST  Jgame
@ bgoye o, A (Sley SuSa 008 5 fegls S
gl el a8 T S VYN B Y e sl L
,l58le 5 5l eolawl b le Judogds o0 dos ¢ ik g
Google earth ¢ SPSS. Excel . RStudio .Arcgis10.8

A4 ool engine

ORI H N9
VHI 9TC| VCI ‘Slbuaalau

S b ey gl i JSas cdyin L
P pshie (nl a4 wslee azlse obo)S
9 )90)"&2:.2..» P e (TCDH @Loo mﬁ

Archive of SID.ir



Archive of SID.ir

VYO M aniugs g Ll yan

o 35 oSy o Sl 5 BoaVsb ST
oo bliyl wluly VCI ol el i 5490
ke 5 NDVI polie g NDVI sdly e
sk, kuls (NDVImIin o 5oy g (NDVImax)
gy sl el eal obul ol ik, Jad
oy VO 5l g ny gl oL
GO o pamla ol lase 51000 o0 olo ao)o
codlhs Coxsg bamo i (il vy Ve
ol S &S s el ey Vb Sunds L
St S5y BaRGLES 05 Koy sho 4y sl
Gl ole ] o s JluSas
(Thenkabail et al, 2003: 12)

TCl 5 VCI sla pmsls S5 5l eolatul b
oolanl ol cudls gy yskiieas VHI a3l
Lilyd 50 St ala Gl I ogaie 3gh
0 e e Syl a0 5 (LS by Cagh
warles ol elely cwl sl el SO
ool o st 05,5 0 4 (55l JLuSas
Bedes Jolo pjdlal) b Gl

VHI = 0.5(VCI) + (TCI)

Sybise Syslp pjy dlal) 5l esliul b jp5e Lo
.Kogan, 1995: 91)
LST,, . — LST
LSTmax - LSTmin

sSle e LSTmin g LSTmax LST oS
2 sl Blas 5 il (esls polis
TCl jaxli oS il axg Wb ol JusSy
g 8ly Ol maz s ol LU, Gulil
5 (LSTMIN) J—sly Ll &l maz )0 g (s
ol 00 slw| (LSTmax) olS s
BT 4 0B LS NDVI asls a5 ol |
3hoslaiwl (oM 1A dno jo s JLuSUis
Sl 5 0%, b (55 slaasls
a9 b eluloply ab ke LST 3 NDVI Sb;
5 2 te o Jlsas ol
TCl 4 VCI o jazls ) mhw & limam o
2acd olm| LST s NDVI Sboj sbacs o 1 (sicis

TCI =

il iy byl Al as

NDVI; — NDVIpin
Vel = X 100
NDVIygy — NDVipi,

i s NDVI; g NDVIpgy NDVipy -] 5o a5
oSl (Do SV JHlas Sl a5 NDVI

VCI 5 VHI slo ol (wlul p 5359LiS JlaSins @linb 1) Jgun

(00,3) VHI-VCI

Jsis bk

Sl Jlsas

bugle Jlusiz

el Jlsis

Jooss Ll

s

Kogan, 2001:1949 sl

Archive of SID.ir



Archive of SID.ir

VY& L aaugs g Lidly3a

Y o5l g3 5 Commt Jlo AFoY 5l

2 1ol sheslital a8 ol o] Glej (s pdycdllasl
caliss ‘Sa’Lo)‘ le.cbwLn-aﬂ L’ La’c;“": L5 WL’
)‘ L )JOLQ_A ‘L)T Colie )_;.)LM ! oo; QKM
Blos 1y polis oy iie polis 5 (S5l Gl
SPI polis oS 2 (Y Jguz) aoo oo plas 1) o)
59 el JLSis £48g Byre il ae jsba
omgdalip by 51 SPL s ygl sl (Baios ol

A4 oolasw! Rstudio

SPI a5l
5 ooyl polae o AW elwly SPI sl
ol s g et Gloj 8L o 50 ()T (eSlee
(McKee et al.  lawg oL Lo GBlpzil o jlade
1997; McKee et al, 1993; Edwards and McKee, 1995
JLaSis 591 jslaieds aghcnl jo o sloiis
5ol oolaiwl SPI asli 5l dalaie o owlidlss

9 08 Cdgpw SPI a3l sla Sy (nipee

SPI Gowaib wlulpy JLusSlis sassaib Y Jgus

SPI

‘51 Sas O 5

FaSy =Y

-Y/Aa6-Y,0

buigie Jlusos

~V/$] B-)
b-- 39

ke LS

3halale Sloy wlie ,o MODIS (slo)lgale yglas
QS A VYV B Yo sl

VCI ol (o) 2

Sile polie ululyy VOl asls loaiis
S Slsld Dlib gy jelaieds ol angs AVl
@) Jexr ploly polas JlSias il e
ot JlSas wad L JlSas olid
Jloy 5 bawste JLuSis wpud B JlusSas
OeSle Gloy Gy SloatE ¥ KL Wl e
Sl 3 YTV B Yee e la L om YLl VO
S oo slis |y ey

Guttman, 1999 311:.i5L4

ool by (659l Ik 51 ool gyl
Slo,lgale grosls

o ) Cailon o (JLSiS Baay (Saazn
e Dl cpol> b 0gh o ol Sl S
3B ey gl Ojlmaze g (BLS by
e oSy sl B JLsas
Stewl 5o 1, VHI 5 VCI.TCI wlale Slej slags pos
W23 o LIS VoYY B Ve gla o e oS
2 SleSis ol as ses oo Glis Gais opl s
009 Dgldite (e el Sl ez g (AL by
by Sleogas 5 g8 wile ilie Jolse @l g
o et Cwlap] ol Lulys g alS
3 TCL g VI gleasss (g 5les  JlsSes

Archive of SID.ir



Archive of SID.ir

VWYY M aaiugs g Ll yaa

VCI

30000
25000
‘€ 20000
X
3§'15000
£ 10000

5000

0 = w
20002002 2004 2006 2008 201020122014 2016 2018 2020
years
= \/ery-severe e Severe Moderate

VCI o5 ls ol ys asllan 3 90 83900 53 JLusSiis sl wdlS £lgil slas ) aig, ¥ JSCo

VE P Bw, K o i g 4’

g Sl 00, 2 VeV 2 Jlu jo laas |y agos s
Gad o)bge JluSas YA Jlo yo ol 51 e
3 FLSis 858 wo)d @s (o Sl 48
BS ooVl Sl F S 5 il olids
Yeoh g Voo lodle jo wods ey JlSes
ol (adlas 0,50 dalaio 3l woyo FY 00> o)
YOV 5 YO FVe)e Gl o oS Jjo
b (aoyo Vel 5eS) plisl 5l (o8 s Colue
oeizen )l 13 o sla JlSes psbess
g Sols 20l 5l gl B USE i
p9d ABS ;3 Wl g Wl Hlew JLSiS 5550
Jol dme wcws (Y=Y VY)) adlas 050
a2, aS g ebas o (Yoo v=Ye V) aallaos,ge
sl Sz s 2lg colun aslllas 5,50 pgo
5 sk e Sl LSS s ol 5 g
5 Slalp oan A sba ol i was
adllas 5)50 Jol das jo b JLSis slas, o xS
sl JLo)

S50 £9S dad Aland (Yo Ve G Yero

8reS (it Sk VCI (a3l (SuiSTn (o)
iy i ey JLSES e o JLSiS
Yol g ¥ee) Yooh ol ,o Lo o oud
ObdS Ll Sl 2 e i Ss sk
dop 30 (SZS b Al e FerA Jlo o
00,5 a2 |y JLSis aoy0 A0 dgu> j0 (B0
o o Ve A Jlo jo wuad jlew JLSis el
Colue (it b oyfosir 5 opfJlad (555
5 (bl IS colus oo ys FYNNYY VKM g0 40
Coluo b oy g Jd dod o ol JlSis
&y (Ol colie aoy Y2 sga> j0) PAFYKM
SlSis SasSTy (F o VoV sl JSi) cal ools
ool Sglaie 56 5 yloy b ulbay VCI ol
YA YooY Ve ey Veer o Jls j0 aS (5, 5bas
15 st des i YoY) g YOVA L YeND .
TS VT U PRT U PRRTN PRL JOPIPag W
s o JlSies 3beos aslllae 5,50 b3ga5e
Owimes (V0 SKS) wlasls (18 aal g wuald
dalllas 550 dilaie a5 wB0 o Hlis F S cwy

g wad b JlSis 5l Gogigae b e

Archive of SID.ir



Archive of SID.ir

Y o5l g3 5 Commt Jlo AFoY 5l

YA L qaugs g Ladlyaa
2000 2001 2002 2003 2004 2005 VCI 10
38°N P — il
375N A b 7 ;.
s ol =
37°N k- 5 e, ¥
[ [asw” i adad Lo
2006 2007 2011 ’
—5,{5 o ‘g‘ & 0.6
2012 2013
§ 38°N
%37.5N s 04
® 37°N .. 5
- 2019 = - Very severe drought
- . = - L [ Severe drought 02
_Lr e W 1 0&2’2; * . [ | M?derate drought
T T T T T T T T T T T T T — Middrought
54°E 55°E 56°E 54°E 55°E 56°E | Normal & wet conditions 0.0

Longitude

aslllas 390 W JLu 3 ylwdS liwl 10 VCI (asls (wll p JUaSis Camidg ¥ JS

100
[«B]
2 80
e
8 60
8 40
S 20
<
0
o
o
o
N

2001
2002 1
2003

2004
2005

VEe Yo, s 5 5 g

TCI

n = I I._II g
O - 0 O O 1 N M < 10D © ™~ 0 O O
O O O O d d d d d d d d d d N N
O O O O O O O O O O O o o o o o
AN AN NN AN AN AN AN AN AN AN AN AN AN DN NN

B \ery severe% M Severe% Moderate% Mild%

VCI a5l wlwly Jlusis Gliseo Sliab ol duoyd @597 :F S5

Y JS..‘JU..MW‘ 059 J..sd.w )L.Mu QSJL“'&"“} l>auiss wl.w‘).’ QLM&,.M} gs:li/a ‘;Aj‘f =gy

Jleds Cand (o anlllac 8,90 dalain a5 a2 0 ylid Oliw! bl i a5 aes oo ol (F 4 ¥ JS2)
axdllas 550 o byt yo sliwl B8 Jled SlSiz 5 Gl JSis L oadlas 5,50 0
Sl 0399 18 0 JLSis L Yeo) Gl b jo aS g abas tousl 009 axlge vyoiis

3550 dlas 5,90 ddlaie jlas,o Fe YL YA 4

Archive of SID.ir



Archive of SID.ir

VE oylods 93 § oot Jlw AFY g

VA aniugs g Ll yaa

JS coluw doys A) YEYYS KM? sga j0 o 4
YN Gl e 10 e pa g5eS Ouls b g (adlaie
3,50 ddhate Colue doyo Vo 5l po 0 YHVY
eVl colue L YYA e o ofgdy casllas
L) YoV Jlo doans ool g oo jlews Jluslis
S,90 80guste duo )3 YT dgu> ;0 VITFY km? coluwe
wr o (Y g 7 D sl o) o)y (axdllas
s ol Jol ded aceend (YY) L Y- )Y)
£y bywS mr g Dol e a5 yba
(Y 50 Gla o) oyls iolidl pes day jo Jlusis

TCl sl o)y
590 Ao lod Coxdg gw)yp sln TCI a3l
Lo oS gy ol aid 3 1,8 colatul 5 50 axlllas
Gad patls (pl [0 sy o0 055 Hlade o iYL
2 G (FuiSTy b il 5 JluSas
GYerr sl jo addlas 550 b0gue o TCI
JSis amg bl 5mnS 5 ol olas YY)
sl o JlSis oud pmie b oo
05 5 L Yoon gl ahty To)e 5 Yoo
Coluw o) e s> 0) asdlls 5)50 ddhis
Dbl o JlSts Colus (2l [ (Al

TCI
30000
25000
& 20000
£
<= 15000
L
< 10000
5000
0
NI T I I A S I B U I S R S I B\ N
S N PR REFRLIIINJIIIIIIII PO
e S S S S S N S N M R
years
=—)\/ery _Severe === Severe Moderate Mild e====Normal ==\\et

TCI el wlul g axdlao 0580 83900 o sil..&.,b S S glail slus y aigy 0 JSo

Archive of SID.ir



Archive of SID.ir

Y o5l g3 5 Commt Jlo AFoY 5l

YA E qaugs g Ladlyaa

VCI
100
90
o 80
g 70
§ 60
g 50
p 40
L 30
< 20 I
10 I I
0 | l - - I || I m .
O 4 AN M I 1D © ™~ 0 O O 14 N MO < IO © ™~ 0 o0 ©O
O O O O O O O O O O v A4 A 4 Ao A A o o 4 N N
O O O O O O O O O O O O O O O O O O o O o O
AN AN AN AN AN AN AN N AN N AN N AN AN NN AN DN N ANy
years
m\Very-severe% M Severe% Moderate% Mild%
TCl (a5l pobul p JUakins cilisen Slinh coobune doys 23595 F JS
VEe Y (8w S o 5 g
2000 2001 2002 2003 2004 2005  TClI
375N L
ik £
37°N b4
- - 0.8
2007 2008 2009
i - 06
2012 2013
% 38°N
7.5°N
£ 978 - 04
1 37°N
2019
- Very severe drought
[ Severe drought 0.2
F [ Moderate drought
‘ | Mild drought
rrrrr1r 1Tt ot 1T T 1T 1T 1T
54°E 55°E 56°E 54°E 55°E 56°E ‘ Normal & wet conditions 0.0

Longitude

axdllao 8590 G Jlw jo b liwl ;o TCI ol guduaigy dbdi Y JCi
IR AT AV O

Archive of SID.ir



Archive of SID.ir

VY o Lo (090 g Gy Jlw NP+ Lo

YAY E aaiugs g Ll yan

5 Obwl oy de g Jlad o ol i b
g ol s JlSes 5 S L YYA Jle s
I colis 5l as o VA sg0x jo xlaw o aal
O 53 A sl ) cl adlas 5,50 ddlhaie
VO 51 G aalllan 0)90 dilaie (g5 ST (aizmen
Feooogam 0 g VOVA g Vere Gl Jls jo woyo
Feo) sl o dihite 3l wo,e 00 B sy
Ailos,S" ay o 1) Sl JLSas Yoo A g YooV

O g A sl JSo)

VHI jas L oy
col JlSis Gla asls ) Sy VHI asls
L 1 O e e
2 Jlsiis Sl gulad ollg g o)l 08
L ome) aw Ojlaz s poee g 2l by
2 VHE (a2l S (SasSly (owpn Sl
Sile YeoromVeYY golel 3,90 o olends el
Voo Jlo o e b Jlusies (n aad g58
N g bl JLSES 58 e b
(dilaie JS duoyo T o0gu>,0 V- PPYKM2 c>luwe)

VHI

2002 2003 2004 2005 10
38°N e s
37.5°N t - 3
37°N L
: % Vit 0.8
2008 2009 2010 2011
7 L 7
. o
— f,J%f$< o, ¥ <06
)]
5 2012 2013 2014 2015@ 2016 2017
N & £ ||
i M;“;?y‘ s Tt 04
37°N e £
2019 2020 2021 - Very severe drought
] ‘ [ Severe drought 02
: i b 2 / Moderate drought
4 S ____' Mild drought
rr 111 T rrr 1 T 1T T1 1T T T T 11 | Normal & wet conditions 0.0

54°E 55°E 56°E

54°E 55°E 56°E

Longitude

astllae 3590 (L lu 33 lwdS (ybowl ;3 VCI aslis (obul p JLuSis Cundg A JSb

JFe Ve B, (K s s g g

fo Ao (Yo VV-Y4YY) allas 550 o dogs
O S5 casl (YooY o) o) adllae o,50 sl
VHI asls JlSis cad Gl LSl dulis
¢ 5 ¥ sl JS) TCl 5 VCI slaasls L (3 JS5)
lsas cas gl glanlSe i cals Sl

el TCH (a3l L VHI el o 5V

P VHIE a3ls ganail 3l ol mlbs 4 axgl

OllS lnl o el 9 Jlods slasize A IS
Sloads (yhles wpads Lz Jlsas W o i
g aibie S Sns gl Sy mbces wlg e a5
Sy ()2 (B ysbods .l (e (oolil o > Jalge
slogananlb 50 gleole iy S
N L@QL.&W" SR ui'..alf ZMQQL&.S L,>JL~..SW.>- ;

Archive of SID.ir



Archive of SID.ir

YE o5lods (095 5 oo Jlw FY e

VHI

90
80
70
60
50
40
30
20
10

Area percentage

o
2000

2001 m=.
2002 W=

2017 .
2018

2014 mm
2015 m

2003
2004
2005
2006
2007
2008
2009
2010 &
2011
2016
2021 =

2012
2013
2019
2020

years

mVery severe% B Severe% Moderate% Mild%

VHI (asli wlel g JlusSis b Olib Corluw oy 29595 18 JSCb

Ve Py B, (S o o5 9 g

VHI

25000
20000
N
£ 15000
4
=~
[353
L 10000
<
5000 ‘| | |
0 ||I|I||I | I I I.I| | |.I|,| |II|I||I I Ill|
O o N M & 10D © - 0 O O 1 N M T IO © ™~ 0 O O
O O O O O O O O O O ™ «d d A A A o o o NN N
O O O O O O O O O O O O O O O O o o o o o o
AN NN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN
years

m\ery severe MSevere ©Moderate  Mild ®Normal =Wet

VHI (a5l wlwl g axdllas 8540 80900 j0 JLuSis s w5 glgil olasy Sloy (g 1) IS0
VFe P B, S oy 5 g

Archive of SID.ir



Archive of SID.ir

VE oylods 93 § oot Jlw AFY g

VAY [ aniugs g Ll yan

SPI (30 days)

5
a
3
2 “

S ey
ol ym | m.l|
L At "ﬁ”ﬂﬁ]‘”""h”ﬂw I‘EMH k
_ZD§§§33233§§§
S

SPI (180 days)
6
5
a

;3

§; ““'JI lllr‘l.u 1 ll
SULRL R
'28 2 g 8 o [=] 2 g 8 o [=]
-SRRRRR%EERRRRR

SPI (90 days)

5
4
3
g 2
l 1 |
= o ““ ||.hr|,.‘iH,i ||
AN R
1o e ™ ™ o' ey
‘-?QQ‘-?‘-?Q‘-?‘-?Q Qe
28 838833382 ¢8 %8
48 & &8 & & & R R 8 R & &
Date
SPI (1-vears)
E]
B
™) iy
; . La

09-02-18
11-02-18
0218

=
oooooooooooooooooooo
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Axis Title

VoX) G Yooo Sladllao 5593 50 oybuandS oybowl SPI aslis sile) gy Sllwgi 50909 1) JSCi
VE TG (S s 5 46

Job 30 Olpati (bl byl g s Ll dlal,
axdllo 5,90

Jusis loarls o (Sod dal) ow) 2

Y odgaz 50 SPL (a3l b g0l fomiw (55 )5leS

el 00 ool QLW

SPI (aslls (o) 5
OladS il SPI polie Slyeis VY JSE o
ol Al ) g avle £ canle ¥ canle V (sl g0 sl p
atia 1) S SI oS gbcles
TP WYeeVYeye (Yoo gl el
aad JlSis GbudS bl 5 YeYe 5 Vo)A

Cewl ol ool

R PR odud

Wl 6595 5 liwdS lowl ;o by led (Swood  pb polie Y Jou
N g & VCI TCI VHI
SPI (30 day) 0.234 0.038 0.073
SPI (90 day) 0.250 0.439 -0.238
SPI1 (180 day) -0.350 0.526 -0.607

SPI (lyear) 0.002 0.014 -0.028

Ve Tl Kiisl

Archive of SID.ir



Archive of SID.ir

VAT [ asugs g Ll i

Y o5l g3 5 Commt Jlo AFoY 5l

Jl 5 o o5 9 g5 (S olin a0 ,0F+)
Il I A W GIR WU T V- SGIW] I Y e
Jsl o s (T 1V=Y 4 YY) g0 &ass 4o VCI
) ed B ol (Yere-Vee) asllaes,ge
lses lsls 5 oad oS Jbo s was e obis
Ol el asly o8l Jol des e TCI a5l
VCI psls JlSis ool (Gl ool Gels
31 oo Klgs o aslllas 5,90 8,99 pgo doys ,o (TC)
(e g glos Sl Cogby 9 (Sl Gl
el Slyeis 58S | sy slaglSl o
A Sl sles Ll S s 2 das o
2l b mls ol sl Glals cals sl
2 olel e (YY) oliSes 5 by s
899 0 olnl Jed s LSz 358 ogas
o g iyt Dy Ceisllas Yo Yo b Y4V F
SPI el g yeoslpomin laasls G
3 SPl asls (o b Al o YL Sasmsles
CIOY (Ko ) alo il wlie o TCI
ez W TCl asls fog JEds Sl a5 el
e Sl gl sl e Jlstes
o>l L VHE a2ls o Jblias  Scenpas
WlS el p 6,5 Jelse bl las SPI
230 L olS codle mals g ol JLuSis pogdle
Slgioe s (nlweo o0 ) (JlSis jlam Sl
Soaslh (s (Shaced S p (2P
5 oo @i bas aal Bk g Les slagsl 5 aLS

S,ls 33lgs (Y- V+) o)) Ken

1. Pouyan et al

adllae 550 898 Job )0 He0sltonin Jlusiis
card oVl Bl S il 5 (L YY)
L5) SPI(180) L TCH asls oy (+/OF) (Siecan
¥) SPI90) L 55 VCI _asls peimoen ewl (anls
5 ((IV0) Stwwod oy (i sl (anle
cuys 6l (@ale ) SPI30) L 5o VHI _asls
=/ YA bogaze) ai¥lu SPI oLl b g0l iz

Dol g0 odplie (+/-VF L

Sy S5 2,03 L MODIS (sl lsale (slaosls

Job 50 i loww Slpnis g adS 6l YU
Jelos b alS by bl il e ol
AT Sehe (BLS idgy el Sl slas
S g Sley Olas iagh opl yo ol cols
Jels eosliomin JSis ol sl el
5 MODIS 3uizeiw 5l oas 5,91, VHI o TCI VCI
5 SPI lislgn JLSis asls b lagl L)
O @l L85 I8 ey n dee plldS el
2 O 5 pley a4 wal (Siwly Sily Liegh
» GlSis gy S g Slilp s
Sl JlSis a5 sbay el alise sla_asls
b adlaie )3 (A0S op i baad 5 wad b
ST 00 (S corlae 739)Y e oA Jlu ;0 TCl _asls
CE P g G0 orx il el > a4 (2l
Verr Jo po VHE (22l b (35S iS5

Archive of SID.ir



Archive of SID.ir

VY o Lo (090 g Gy Jlw NP+ Lo

YAD [ aiugs g Ll yan

&L

Sloolatuwl b (655 50 pliwl (65,5l JluSas il LV F e 0) oye (s0ge t s i Lo e ¢opnmdame Slal 5 soblsgls
X oolais ) 0,98 5,10 5 AlE 98 g pole «PDSI g VHI sla asLs
http://jgst.issgeac.ir/article-) » YA-)-fa.html
Soolainl b g0 5l Gromiw p e (6),5laS JlSis ol oLl (VYA) goniin (0o ¢opmdoze Sl
Olpl 2525 5 s)lol alme (S5 3)5 500l adg> 160,50 dalllas) wdy (gloele ;o (5L o o laibil a3 ls
AVOYNYEE Slmao (( PV

https://sid.ir/paper/1057034/fa

References

Andujar, E., Krakauer, N. Y., Yi, C., & Kogan, F (2017). “Ecosystem Drought Response Timescales from
Thermal Emission versus Shortwave Remote Sensing, Advances in Meteorology” 8434020, 1-10.

https://doi.org/10.1155/2017/8434020

Bento, V. A, Gouveia, C. M., DaCamara, C. C., & Trigo, I. F (2018). “A climatological assessment of drought
impact on vegetation health index” Agricultural and Forest Meteorology.Vol.259, 286-295.

https:// DOI: 10.1016/j.agrformet.2018.05.014

Bhuiyan, C. (2008). Desert vegetation during droughts: response and sensitivity. Int. Arch. Photogramm.
Remote Sens. Spat. Inf. Sci, 37, 907-912.

https://www.researchgate.net/publication/228452114

Carolyn, Qu, Hao, X, J. Qu, J (2019). “Monitoring Extreme Agricultural Drought over the Horn of Africa
(HOA) Using Remote Sensing Measurements” Remote Sens. Vol.11, No.8,902.

https:// https://doi.org/10.3390/rs11080902

Dalezios, N, Blanta, A. , Spyropoulos, N.V Tarqui, A. (2014). “Risk identification of agricultural drought for
sustainable Agroeco systems” Nat. Hazards Earth Syst. Sci, Vol2, No.4, 3097-3135.

https:// doi:10.5194/nhess-14-2435-2014

Méllmann, J., Buchholz, M., Musshoff, O (2019). Comparing the Hedging Effectiveness of Weather
Derivatives Based on Remotely Sensed Vegetation Health Indices and Meteorological Indices. Weather,
Climate, and Society, Vol.1, No.11, 33-48.

https://doi.org/10.1175/WCAS-D-17-0127.1.

Essa, Y. H., Khalil, A. A., M., Abdel-Wahab (2016). “Assessment of Agricultural Drought under Climate
Change” Research Journal of Fisheries and Hydrobiology. Vol.11, 1-11.

https://scholar.google.com/scholar?cluster=2+43¥YY£)1YoviY. Yo . Y&hl=fa&as sdt=Y:+°o&sciodt="+<°

Gidey, E, Dikinya, O, Sebego, R, Segosebe, E, Zenebe, A (2018). “Earth Systems and Environment Using
Drought Indices to Model the Statistical Relationships Between Meteorological and Agricultural Drought in
Raya and Its Environs” Earth Systems and Environment Northern Ethiopia.Vol.2, No.6.

https://doi.org/) +,Y + +V/sq-+v00_ VAV VEA

Guttman, N.B (1999). Accepting the standardized precipitation index: a calcula-tion algorithm. Journal of the
American water resources Association, Vol.35, No.2, 311-322.

DOI:10.1111/].1752-1688.1999.th03592.x

Han, P., Wang, P. X., Zhang, S. Y., & Zhu, D. Hb (2010). Drought forecasting based on the remote sensing
data using ARIMA models. Mathematical and Computer Modelling, 51.11-12: 1398-1403.

https:// DOI:10.1016/j.mcm.2009.10.031

Jang, J.-D (2004). Evaluation of Thermal Water Stress of Forest in Southern Quebec from Satellite
Images.These Doctor (Ph.D). University Laval Quebec.

http://hdl.handle.net/20.500.11794/17895

Archive of SID.ir


http://jgst.issgeac.ir/article-1-1028-fa.html
https://sid.ir/paper/1057034/fa
https://doi.org/10.1155/2017/8434020
https://doi.org/10.1016/j.agrformet.2018.05.014
https://www.researchgate.net/publication/228452114
https://doi.org/10.1175/WCAS-D-17-0127.1
https://doi.org/10.1007/s41748-018-0055-9
https://doi.org/10.1111/j.1752-1688.1999.tb03592.x
http://dx.doi.org/10.1016/j.mcm.2009.10.031
http://hdl.handle.net/20.500.11794/17895

Archive of SID.ir

Y o5l g3 5 Commt Jlo AFoY 5l

VAP L qau g3 g Ladl y3a

Jeyaseelan, A (2003). Droughts & floods assessment and monitoring using remote sensing and GIS. In Satellite
remote sensing and GIS applications in agricultural meteorology. 291-313. World Meteorol. Org. Dehra
Dun, India. Geneva, Switz.

https://www.researchgate.net/publication/YY ¢AYAc4Y Droughts Floods Assessment and_Monitoring_using
Remote_sensing_and_GIS

Kogan, F. N (2001). Operational space technology for global vegetation assessment. Bulletin of the American
Meteorological Society, 82.9: 1949-1964.

http://dx.doi.org/10.1175/1520-0477(2001)082<1949:0STFGV>2.3.CO;2

Kogan, F.N.F.N (1995). Application of vegetation index and brightness temperature for drought detection.
Advances in Space Research, 15.11: 91-100.

https://doi.org/10.1016/0273-1177(95)00079-T

Méllmann, J., Buchholz, M., & Musshoff, O (2018)."Comparing the Hedging Effectiveness of Weather
Derivatives Based on Remotely Sensed Vegetation Health Indices and Meteorological Indices" Weather,
Climate, and Society, Vol.1, No.11, 33-48.

https://doi.org/10.1175/WCAS-D-17-0127.1

Lotfirad, M., Esmaeili-Gisavandani, H., & Adib, A (2022). Drought monitoring and prediction using SPI,
SPEI, and random forest model in various climates of Iran. Journal of Water and Climate Change, 13(2),
383-406.

https://doi.org/10.2166/wcc.2021.287

Pouyan, S., Bordbar, M., Ravichandran, V., Tiefenbacher, J.P., Kherad, M. and Pourghasemi, H.R. (2023).
“Spatiotemporal monitoring of droughts in Iran using remote-sensing indices”. Natural Hazards, Vol 117,
No 1, 1-24.

https://doi.org/10.1007/s11069-023-05847-9

Quiring, S. M. and S. Ganesh (2010). "Evaluating the utility of the Vegetation Condition Index (VCI) for
monitoring meteorological drought in Texas." Agricultural and Forest Meteorology 150 (3): 330-339.

https://doi.org/10.1016/j.agrformet.2009.11.015

Rezaei moghadam, M, Valizadeh Kamran, K, Rostamzadeh, H, Rezaei, A (2014). “Assessing the Efficiency of
Vegetation Indicators for Estimating Agricultural Drought Using MODIS Sensor Images (Case Study:
Sharghi AzerbaijanProvince)” International journal of Advanced Biological and Biomedical Research. Vol.
2,No.2 399-407.

https://www.ijabbr.com/article Y- 9¢.html

Singh, R. P, Roy, S., & Kogan, F (2003). Vegetation and temperature condition indices from NOAA AVHRR
data for drought monitoring over India. International journal of remote sensing, 24(22), 4393-4402.

http://dx.doi.org/* Y E¥I YT oY) e e e W AEYYY/V ) 0 A

Su ,ZB, Yacob A, Wen J, Roerink G, He YB, Gao BH, Boogaard H, van Diepen C (2003). Assessing relative
soil moisture with remote sensing data: theory, experimental validation, and application to drought
monitoring over the North China Plain, Physics and Chemistry of the Earth, 28 (1-3).

https://doi.org/Y «, )+ Y1/SY 10V EVE(LT)v v o) X

Thenkabail, P.S., Gamage, M.S.D.N., Smakhtin, V.U (2003). The Use of Remote Sensing Data for Drought
Assessment and Monitoring in Southwest Asia. Research report 85. 1-34.

https:// www.unisdr.org/ files/ 1871 V1.102138.pdf

Archive of SID.ir


http://dx.doi.org/10.1175/1520-0477(2001)082%3c1949:OSTFGV%3e2.3.CO;2
https://doi.org/10.1016/0273-1177(95)00079-T
https://doi.org/10.1175/WCAS-D-17-0127.1
https://doi.org/10.2166/wcc.2021.287
https://doi.org/10.1007/s11069-023-05847-9
https://doi.org/10.1016/j.agrformet.2009.11.015
https://doi.org/10.1016/S1474-7065(03)00010-X

