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Fig. 1-A view of the location of Hormozgan province in Iran and the synoptic stations
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Tablel- The studied synoptic stations and their geographic features

Row | Station Name Latitude Longitude Height above sea
Degree Minutes Degree Minute level (meters)
1 Bandar Abbas 56 22 27 13 97
2 Bandar Lengeh 54 50 26 32 22.7
3 Haji Abad 55 91 28 31 931.2
4 Jask 57 77 25 64 52
5 Minab 57 01 27 11 29.6
6 Roudan 57 19 27 46 219.6
ke Sl wlel p (§309l IS b sl Dl Y Jeue
Table 2- classes of agricultural drought indices based on different indices
Drought VHI and TClI, SPI SVl and PDSI Class PCI
classes VCI NDVI
Extreme wet 60 <X 2<X 4 <X
Severe wet 50<X <595 15<X<199 3<X
<3.99
Moderate wet 40<X <495 1<X<1.49 0.75—-1 2<X
<299
Mild wet 1<X
<199
Normal 30 <X <395 0.99 <X 0.5—-0.75 —-0.99 <X Unigorm 10<X
< —-0.99 <0.99
Mild drought -1.99 <X
<-1
Moderate 20 <X <295 -1<X 025—-05 —-299<X Moderate 11-15
drought <-1.49 <-2
Severe drought 10 <X < 19.5 -1.5<X 0.1-025 —-3.99 <X Concentrated 16-20
<-199 <-3
Extreme X<10 <-=-2 0-0.1 <-4 Very 20 <X
drought Concentrated
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Fig. 2- Trends of Spring and Autumn SPI Index at the stations under investigation
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Fig. 3- Selected MSPI of each of the case study stations
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Table 3- Corralation coeff

Bandar Abbas station

S s, 093 30 MSPI a5l 9 s o)lsak S sl

Tt

e -Y Uy

olCuu |

V)

0a(]
AON
10
dag
ady
Anp
unp
fep
ady
BLEIY
Q24
uep
%]
Iauuwns
duuds

um

or- Wwest - BSOS L0 BEOSSMROEE L5021 81 zo- 60- zI- PI' 10 110 11" (SCLSRRElS «st0’ S1- St bl
L1 WwOPT L0- S PPN Z'0  waSO' 4a20' PNROIEN 01 81 {1 ZIM pl- 11 S1'0- 0% L0" kOl waOl= 909 o(- S1- 81’
10 98 8z- 9 €2 00 WO Bl ae0=H c0 90 91~ 61" Z- 20 ZI'0- 01" 20" wSltwabl® b0 SI' 81" 20
£0° wa8P= 10" 17 €£Z20- L0 w01 ga01 €1 90" 0 ¢ el SIS0 620~ SE- 61 8T 4w0Z" 4al1= 20 £0™ b1
60" wel=| 1 £ kit 90 10" “xl0™= %492 90" $0O Ll L0 80 & ¢ g1 LO™ wabT xx 1T aabB €10 VI 60’
L0 WOE= Lz S £ 61" waP0' 4xS0' L wwl® 150" €00 61 L0- 80  ZI' LI'0- 91" 91" w0l wwlO' «80° SI' LI' 01
90" waOb= 02+ €| wlE€% 11" 0= 4u90= 00- 60° 60" Z0- 80 60 80" LOO 90°  bT  wall awll’ wx60' 0 £0° LT
SO 40P 01 T~ LZT- PO wkG0™ yul 1= 4401 60" 60’ Z2'0- S0~ 90 10" 810 &r €17 waST - 4afT 401 60" TI™ 74
20 £E 9" LZ*  SI' b0 wl' BRROEEN PO bO° b1 SO 90 10° 90°0- 01" SI'  wa90' w60 w60’ | ZO° 10 61"
I Al vl ' W€ wa82 awC0’ 10" 0 61 O SO- PO pO0- 00  ZI- wwGlwwOl- wwllc| ZO' 100 L0
RI' P2 €0° S- Gl SO wwb0' xaZ0' axll' ZT €20 10 PO SO TO' 2000 €0 90" wwOT-wx9Z- wxlE WZhantb-  12-
LI 1g= 92 €10 bOT 80 10° [ wal0= w81 BT €20 TOT 90" PO'  SO' wx99% wxS9 walO wbT4a8C° wwl- 90 11'  8T-
L0" waC9= SO S 498" E£1° 60" yuZl'= wx€0= PI1- 91  bO- €1 Sl ' p1o- 1+ L0 ww€T w490 L1 81" Sl
Ll ' wlE=  pI' k[0 4420 k2l V0" 10 61- z1= €1~ LO° ¢Z'0- 0z- 61yl 1= 4a81= 4490 90" 60 €0’
€0 WBES| 61 ZI' 62 11" w0 100 4808 bO° pO°  LI™ 90" LO- 2O 0I'0 90° L2  waf0' waPO' ka80° SO° 20 ST
L1' x88= 90° ¢ 6O L0 w1 481"  wE0= 61" 6l 90 10" 10 €0 WIS maST  waS " awPCTaablc wnll* 610 VI 9z
I, PRPIOJ JeAUNRNS I, pepiojy  IRAUNER(S ML pepiojy IBAURYS L, DRPIOJ IRAUVENS N[ pepuo IRAUERNS UL, PRPIOJ Inamyey§ AU, PEPIO IBAUUR(S I PEPIOW  IRAURYS
IAaN 4 IHA us 15ad 12d Ids 121




ol cul a8 5 )18 Ll JlSis oS ) dilaie
S Y BV o o (b oS sad o ol 35SV

ol 03 i (JSid o lanw Cov ddlaie Cawg doyd B+
sV AW NN NeeF ol p» Jloy JLuSis WIS
(0 5 ¥) S s o ol 1) (Sid cad LialS YV

5 phaie b 1ig) (s bl oles ;3 TCI asls
9 b (s ol JLsis dilisee o WS 1 (319
(@) Ui Bab .l 039 doyd YV o VY Y L iy bawgie
Al bl Jlood g 3y glacwwd )3 pgd (gdnd
sla Spa L bLsyl o ol 4 el o awls  Sis
VCI [aslis .l (Joro odBl 33 Jolge g ddlaie 31,5565
dabais (0 ) JlSid (oS aw s 5 ail oS llog 35
sebas b Jluw oolod )0 wud JluSis (oS e o oyl
o=l b el @d F 0 1) ddlais Colue doyd FY buwgis
SAB VY g YR XAV FF laJle b asls
Gl bles s (B) 5 (F) IS5 )3 oS s azwls” i

4l oS g calisee sl oS oy 55 VHI jadls
) ol colime duoy FF Gl Wl b lwgie jobas o
it o515 i Sl & 55,5 0 0 JLuSiti
Sy PCl (a3l (05 ¥ JS) el ()l > 5 5 (8LS
Feed L Yeer b lo pn cowl adbi o o)L STy,
o=l sl ooly &y liwl paw 3 )l elas o il o YL
ol 0390 o8 o 9 Vb s b sl i)l b ol ped olii o
sdnlio Lod s 13l 5 (o)l albi o cp YL oo ¥ Jlo
39y Slejojl opl (b SPI g PDSI gl jas L .ol o
byl s 5L YNF Ve ed o Jlw nila sl ol de
039 ol yon JLuSis wud ials b oS aush g pcdlessy
Lo> ;I PDSI [asls g alale o)L 5l e SPl a8 ls el
PDSI a3l 53,5 0 el a5 odiS o o3litis] (5525 5y g
(Merabti sad ol 1) mbs O 59008 51 (36 (T o yieol
ple oy 4o o yas s oyl ool et al., 2023)
LS o S8 JluSlid iz glacad Jlysen

s o cslmolo g 5l b b o yla o 5 oladiial

g cewlio )b bl s 5ol ol cCal s (g5 ixe M
3 50 SPI [ad i wcal Jloj (ool 55 (olod @l ials
slaols (3 g Ll Juad bl Juad g ologyore (Sloj o5l
o 5> sl Cude (613 e Bg, (glyls 2o yd A oy ]
Sl 585 aw (e 3 e ()3 gne Ky Sloj slrojly
Gl gy ddlaie j3 (Sid Cad iuliEl g gonmd LS &S

Chlisn Sla Ll JLCES (st o) St

Lo S gyl ahas) LS g Sloj Gl mls
s asls wlawly (Lo oliwl sdgioe »  JlusSis
ol 0ad 0aly Lis (B) o (F) o JSb )0 e ey Calises
SLNDVI asls Gololy a8 ol ol pols imgh (slaaisl
RN VST VRV | WO S\ g S VS vl S
S 68 o 5 F) JSib Gl 8,5 1501, 50,0
2l 0390 o3 ¥ il a8 b Jlo plod jd bawgie  JluSlis
g 00 dtwlS JlSid Sul I VYV o VeV ¥ slals
@l ol 8 (o8 i 4 bugte JluSis (M8
ol (LS50 Gl 3 (LS Gidg w815 S Sl
(B) JS=3 3> il s )3 (o) 2 3)90 Slopa3LE (sl
Slasid il cas ool Slej g (Slej (59muS Cuwl ol
ol Jusis 5 (2lS Sids Cunsy el Lulyd Sl
b e b Jls

Vee) Slei ojle Jg) gans )3« PDSI asls b
2 ooloio sl JLusis jlad (LS e liwl (Y)Y
Foo¥ Jlo jo Cuol 0dgy 0 g bawgio  JuSiis gla oS
Ol Colus 5l ao)d Y8 nad jluw JlSis cud o sYL
s gy cpl (YoYY=YNY) pgd (gand jd .l i8S )0 1)
b el 039 8y adlais 3 Jloyp WS it g 0390
I i VoYY 5 VYo YR YWY X F XY el L
s .l 039 WS Jloy byl il Colus do)yd B+

obis sl slaolKiw! 381 5 e (o)l sxe 154,PDSI

Lol 0l

2 e JLaSi5 oIS 53 L L SPI sl
Feo¥V & ¥ Glalo b ocwl 03,8 anaib ) bl s
Cong 4o 00 ) Lo ¥ )8 5 Y418 YN0 F oMY ¥



100 PDSI
I I I
o "-0_ .
o o < O X O N < O 0 O
o o o o o — — — — — o o
o O O O O O O o o o o o
o (9] (9] o o o o o~ o~ o~ o~ (o]
Normal M Extreme of drought%

Mild of drought
Severe of drough

Moderate of drought

100 SVI —
? ||||||||I ”||I | | | i
0 III-_IIII II-II I I
O &N & VO 00 O N < VU 0 O
O O O O O 4 +d4 «+*4 +d «+H N «
OOOOOOOOOOOO
N AN N AN N N N N N N N

B Extreme Drought Mild Drought

H Normal Severety Drought

100 VCI

2021 =

n [e)] — m Lf') l\ (o)}
5 8 8 5 & o i
S 9 S S ¢S 38 o o o o
N N . ~
[ ] Extreme Drought Mlld Drought
Moderate Drought ® Normal
PCI

100
IIIIII.-------I--'-I-_

O |—| N
O O O O o o O O O O o
o~ o~ o~ o~ o~ o~ o~ o~ ~N o~ o~
M Extreme Drought Mild Drought
Moderate Drought ® Normal

Severe Drought

NDVI

0 O ©
o - - N
S 888833339 9 8
o~ [a\] [a\] (a\] (o] N o~ N N (o] (o] o~
B Severe Drought Extreme Drought
B Moderate wet Moderate Drought
H Normal
SPI
o o < O 0 O < (o] o ~N
o o o o — - - - [\ o
S 888 8 35 590 o5 o 9o 8
o~ [a\] [a\] o~ o~ [a\] [a\] [a\] N o~ o~ o~
H Extreme Drought Mild Drought
Moderate Drought Normal
Severe Drought
TCI
100
S
— o n ~ [e2) — m n ~ (o)} —
o 9o o O d dH o od oA o
S & & & & o © o o o o
o~ (a\] [o\] [a\] N o~ (a\] [o\] [a\] ~N o~

Mild Drought

B Normal

100 VHI

H Extreme Drought
Moderate Drought

oQ

o wn [e2) — o wn ~ m -
O o o C) o — - - — o~
O O O O o o O O o O o
o~ o (o] o
u Extreme Drought Moderate Drought
Mild Drought ® Normal

Severe Drought
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Fig 5- Spatial distribution of drought indicators at the province level during the study period
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Introduction

Drought is a natural hazard with the profound environmental, economic, and social
repercussions, particularly in arid and semi-arid regions. Hormozgan Province, characterized by
its predominantly dry and semi-arid climate, has experienced an intensification of drought
conditions in recent decades. Effective monitoring and assessment of drought in this region are
indispensable for the reduction of disaster risk, strategic agricultural planning, and informed
water resource management. Conventional ground-based drought indices, while valuable, often
suffer from limited spatial coverage, underscoring the need for complementary methods. Remote
sensing technologies, particularly satellite-derived indices, offer a robust solution by providing
extensive spatial and temporal data . This study utilized the capabilities of Google Earth Engine
(GEE) platform to evaluate drought conditions across Hormozgan Province. By integrating
meteorological and agricultural drought indices derived from MODIS sensor data with
observational data from synoptic ground stations, the research aimed to enhance the accuracy and
comprehensiveness of drought assessments. This approach bridged the gap between ground-
based and remote sensing methodologies, enabling a more holistic understanding of drought
dynamics in the region.

Methodology

This study used Google Earth Engine (GEE) platform, and MODIS satellite data to analyze
key drought indices. The agricultural drought indices considered included Normalized Difference
Vegetation Index (NDVI), Vegetation Condition Index (VCI), Vegetation Health Index (VHI),
and Standardized Vegetation Index (SVI). For meteorological drought analysis, indices such as
the Temperature Condition Index (TCI), Palmer Drought Severity Index (PDSI), Standardized
Precipitation Index (SPI), and Precipitation Condition Index (PCI) were utilized. These indices
were calculated on monthly, seasonal, and annual scales for the period spanning 2000 to 2022,
using the MOD11A1 and MOD13A1 data products (Zou, et al 2020; Wei et al., 2021). To
complement satellite-derived data, ground-based SPI data from six synoptic stations in



Hormozgan Province were collected. The dataset was thoroughly processed to achieve
consistency and handle any missing data. Principal Component Analysis (PCA) was used to
determine the best temporal scales for the Modified Standardized Precipitation Index (MSPI) at
each station (Qaisrani et al., 2022). The analyses were conducted using a suite of advanced tools,
including ArcGIS, ENVI, XLSTAT, and RStudio, ensuring a robust and comprehensive
geospatial and statistical evaluation of drought conditions.

Results and Discussion

This study investigated drought variability in Hormozgan Province, focusing key synoptic
stations over the period 2000 to 2022. The results highlight notable wet and dry phases, with
severe drought conditions observed in years such as 2006 and 2010, contrasted by wetter periods
in 2009 and 2019. Principal Component Analysis (PCA) identified critical temporal windows for
monitoring drought sensitivity at each station, revealing pronounced seasonal and monthly
variability. Spatial analyses demonstrated extensive severe drought conditions from 2000 to
2018, with some signs of recovery in recent years. The integration of the Standardized
Precipitation Index (SPI) with vegetation and meteorological indices proved effective in
capturing both drought patterns and vegetation health across the region.

Conclusions

Drought presents significant environmental challenges, both in the short and long term,
particularly in arid and semi-arid regions. This study underscored the efficacy of Google Earth
Engine platform combined with meteorological and agricultural indices for monitoring spatial
and temporal drought dynamics in Hormozgan Province over the period 2000 to 2022. The PCA
and Modified Standardized Precipitation Index (MSPI) effectively showed critical drought trends
across various synoptic stations, emphasizing the severe drought conditions that often coincide
with warmer months. Agricultural indices, such as the Vegetation Condition Index (VCI) and
Vegetation Health Index (VHI), alongside meteorological indicators, such as the Palmer Drought
Severity Index (PDSI) and SPI, provided a comprehensive framework for drought assessment.
These results underscore the importance of comprehensive drought mitigation strategies that
consider the effects on agriculture, water resources, and natural ecosystems in Hormozgan
Province. The study demonstrated the value of combining satellite-derived indices with ground-
based data to enhance drought monitoring and inform effective risk management strategies.
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