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Figure 1: Map of the study area
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Table 1- Classification of drought and wet periods based on VCI index
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Table 2- Classification of drought and wet periods based on SP1 index
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Figure 2: VCI Index of Bushehr province (January 2001 to 2018)
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continue of figure 2: VCI Index of Bushehr province (January 2001 to 2018)
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Figure 3: VCI Index of Bushehr Province (February 2001 to 2018)
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Continue of figure 3: VCI Index of Bushehr Province (February 2001 to 2018)

Background

% 0t00

% 0.001t00.2

% 021004
04106

& 061008

2> 08101 i e T

Background

% 0t 0

% 00011002

2 021004
041006

& 061008

B> 08101 et

Background

& 0100

2 00011002

% 021004
041006

& 061008

> 08101 e o2,

*

Background Background * Background

% 0100 % 0t00 » 0100

% 0.001100.2 2 00011002 2> 00011t00.2

® 021004 > 021004 ® 021004
041006 041006 041006

% 06008 % 06008 % 061008

> 08001 & % 08to1 S % 08to1 i

Background

% 0to0

% 00011002

> 021004
041006

> 061008

2 08t toa o & _a

Background

% 0to0

% 00011002

% 021004
041006

061008

20801 wtr o = =

Background

®» 0100

2 0.001t00.2

» 021004
041008

% 061008

> 08t01

ALYy b)) gdg Okl VCI asls

b g

Figure 4: VCI Index of Bushehr Province (March 2001 to 2018)
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Table 3- Percentage of area of vegetation status index classes in January 2001 to 2018
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Table 4- Percentage of vegetation status index classes in February 2001 to 2018

ARKA] ARKA S ARKAS Yool AERY: Yor Yoov YA AKEL) A\ARAK ARRR! Yory ARRAS AEAF Ye\o AEA R YoV Yo\A

L Jlsis

A VAN V/o g AN iAY A A\ AR L/vv AY/YY AN e 0/\\ \/+4 QAN /Ao VLY A\RYA 4/40

Iy e ARYAR YU/VY A\RYAR \V/Yo Vo/eY \Y/VYV V¢/47 £o/41 YV/AY VAR Ya/v4 YY/AY YV/\ . WM 0/ Yo/ 0/ OA/AA

L Jlsis

Va/Ve Ya/+ A V4/Ve \Y/00 YV/VY Vo/EA ARVZA% Yv/oY o/YY Y\/AQ Yy/en YA/AY YY/VA ARVAA Yo/vo YA/L V\/oY YY/EN

U
¢/ Vv Y4/4) YVAL Y4/4) YY/AY Y/ ARYAY3 ARY2A% 0/VA \/VY AViAY \e/0Y V4/04 YA/XE q/8Y V/VY YA/YE \/AA /o

ARVAR VV/Y ARVAR YE/vY ATVAR Vo/e\ Y4/00 A A ARVAR V€7 0/VA Vo/A4 Vo4 \/8) Vo/eR (VA% \/VY

\Y/AV 0/ \Y/AY YVAA \RVZA ACVARS \V/Yo 0/YA A\7ARZ a/ve \+/0A VY \Y/A oY/Va +/4¢ VIAV q/0¢ +/4¢



http://geographical-space.iau-ahar.ac.ir/article-1-3807-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:56 IRST on Friday November 28th 2025

Lad JlSis

Jy LS JSL...&.&

/Y — /Y

Jdl 5

/v =/

VY Ll AY o jlacdi p geu gaeus Jlow (sl yia (SLdd cale (sdalilind 14y
YOAGY Y ladle ol ps alS iy Consy yasls Olib Colas Ao )30 sl
Table 5: Percentage of area of vegetation status index classes in March 2001 to 2018
Yor Yooy Yooy Yoot Yero Yoo Yooy YooA Yoo Yoy Yo Yoy Yo¥ Yorg Ye\o Yo YOy YA
¥in VAR /44 /¥ iy VAL /00 AR AvIVA /Y1 VY as /14 /v 0/0Y 0/0¥ £/vY 41
/74 9/¥q A Y A At VAV | OYSAA | VWY | VY | Vg | Yesgs | YY/YA + /44 £4/0A | £9/0A | YAEY | £o/Y0
AV Vo/\E Yi/oy AKVANS Yo /AN Yo /AA VE/vVY 0V/\o A7ARY oY/\ ¢ AVAS AVAS VAR Y/00 YA/ YA/« YA/v e YV/AV
TY/ON | YA | oYW ve | ovase | oYy | oYyva | ogVYY | VgAY /LY YEAAY | YANVA | YANVA | YUVY | Vyjev 0/8A 0/8A VA | V140
VOAL | A0 | NAAY | YVAA | YAA | YAA | TV V/AA A 0/A0 Y 0/A) YO/A) v/\o TYA VIAQ /A4 £/vo Y/AN
£ Y YYXE | AWV AYVE VAV YVAY | VA /8Y A NE Y/0 ¥/0+ V/e NAY /ey /ey Y/ A A



http://geographical-space.iau-ahar.ac.ir/article-1-3807-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:56 IRST on Friday November 28th 2025

vy 61 ad L uleal o et g3 lical MeuSA (il

S Ol asdllaes ge (slaolinsl 3 Jlucast ols Ol ¥l 3 Ikl (5L el albme 5l fol mls
5 ks ol 53 (YY) SPE Ol L Yo ) e Jle 3 sl JlaCis o 5L oS il o Sy nl &
Sl i alad (Vdsde J3 el e3l3i, oo ooyl 53 (1) SPI Olpe L Y WVJL L3 Jlo s o s

el 0 63,51 (YOIA=Y 00 V) Wl VA 6553 Jsb s WaelKaasl 53 34 40

Yo VA=Y o ‘5)\4:1 ISYLIST AJUQ.A:)_,.A ‘5Lhe\§.:~._»'| &L&J 3 SPI _,.aa-L.Z d‘“\‘"‘ 2 JL#&S.:»—" .:‘.\»'_) 6\.&JL« —'\J}.\?
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Abstract

Drought is a creepy phenomenon, reversible climate and an unavoidable reality in different
climates that is caused by a lack of rainfall over a period of time. The purpose of this research, is
to monitor in Bushehr province based on SPI and VCI indices using MODIS sensors. In this

regard, using 54 time series images of the Normalized Vegetation Difference Index (NDVI) of
MODIS satellite products from the growing seasons (January, February and March) between
2001 and 2018, the VCI, Vegetation Status Index, which is a normalized index to assess drought
is calculated. Then, the standard SPI precipitation index for 5 synoptic stations (Borazjan,
Bushehr, Deylam, Dayyer and Jam) was calculated during an 18-year statistical period, and
according to the SPI classification table, very severe drought, severe drought, drought Moderate,
almost normal., moderate wet, very wet and very severe wet were divided. Then the correlation
coefficient of these two indices was calculated and it was found that the two indices have a
significant correlation coefficient. The results of drought monitoring showed that during this 18-
year period, in some years, the VCI index of severe drought (2009) shows that less rainfall
occurred in the same year, and in 2014 it shows a very severe wet season where significant
rainfall has occurred. Also, the results of the correlation between these two indices showed that
the six-month SPI correlation coefficient has a higher correlation with the average VCI index
than the quarter. In general., it was found that in the absence of meteorological indicators, a
satellite index can be used to monitor drought.

Keywords: Drought, vegetation, SPI and VCI index, MODIS sensor, Bushehr province.
Introduction

Various parts of our environment are impacted by natural calamities like floods, lightning, and
drought. Among these occurrences, drought stands out as a crucial and highly influential
phenomenon, also transcended continental boundaries. Additionally, drought has the capability
to affect expansive regions for extended periods. In fact, drought represents a significant
situation that has impacted numerous parts of the world and is considered the most intricate
atmospheric hazard. Arid and semi-arid regions frequently experience drought as the prevailing
climatic pattern. However, the diverse timing and locations of drought events make it
challenging to accurately identify their occurrence based solely on spatial observations. While a
lack of rainfall is often the cause of drought, abnormalities in other variables such as temperature
and evapotranspiration can also contribute. To properly analyze drought, it is essential to possess
an indicator that precisely determines wet and dry periods. Since the effects of drought on
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vegetation manifest gradually, vegetation indices have been proposed by many scientists as
crucial parameters for mapping agricultural lands, studying rainfall, estimating the climatic
impacts of drought conditions, and determining plant potential. Traditional methods for
investigating drought involve utilizing meteorological indicators calculated from station data.
However, these stations in Iran are not adequately distributed and frequently encounter data
shortages. In contrast, remote sensing technology allows for the collection of images from large
areas using various sensors. The objective of this study is to employ remote sensing techniques
utilizing satellite images from the MODIS sensor to monitor drought and compare its accuracy
against precipitation station data (SPI index) in the strategic and coastal province of Bushehr

Materials & Methods

Bushehr province is situated in the northern region of the Persian Gulf, encompassing a narrow
strip that stretches from Deylam port to Nayband. Geographically, it is positioned between 27°
14" to 30° 16" North Latitude and 50° 6" to 52° 58" East Longitude. The province's extensive
latitude and longitude contribute to its notable characteristic of natural diversity. It shares a
border of over 600 km with the Persian Gulf. In this research study, the Normalized Vegetation
Difference Index (NDVI) time series images from the MODIS satellite products were utilized.
Specifically, 54 images from the growing seasons (January, February, and March) spanning from
2001 to 2018 were analyzed. The VCI (Vegetation Condition Index), a normalized index used to
evaluate drought, was calculated based on the NDVI data. Additionally, the standard SPI
(Standardized Precipitation Index) was computed for five synoptic stations (Borazjan, Bushehr,
Deylam, Dayyer, and Jam) over an 18-year statistical period. The SPI classification table was
used to categorize the precipitation levels into very severe drought, severe drought, moderate
drought, almost normal, moderate wet, very wet, and very severe wet. Subsequently, the
correlation coefficient between these two indices was calculated, revealing a significant
correlation between them.

Discussion & Results

Based on the findings derived from the classified images, the most significant drought
occurrence throughout the statistical period of 2001-2018 was observed in March 2009. This
severe drought, categorized as Class 1 and 2, encompassed 96.92% of the province's total area.
Additionally, an average drought, identified as Class 3, covered 2.19% of the province's total
area. In January 2003, Class 1 and 2 drought accounted for 43.67% of the province's total area.
This percentage increased to 77.8% in 2009, 76.08% in 2017, and 42.99% in 2018. In February
2008, Class 1 and 2 drought covered 50.23% of the province's total area, while in 2011 and 2012,
these classes occupied 40.93% and 39.03% of the total area, respectively. During the years 2009,
2015, 2017, and 2018, the largest area affected by severe drought (Classes 1 and 2) in February
and March compared to other classes. The highest level of precipitation occurred in January
2006 and February and March 2014. Among these three years, March 2014 stood out as the
wettest, with 95.41% of the province's total area falling within the 4th, 5th, and 6th wetness
grades. This represents the wettest year within the statistical period of 2001-2018. The results of
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calculating the annual standard rainfall index indicated that the studied stations in Bushehr
province experienced varying levels of drought. The most severe drought, with an SPI (-2/07),
occurred in 2010 at the Bushehr station, while the most severe wetness, with an SPI (2/39), was
observed in 2017 at the Jam Station.

Conclusions

The results of drought monitoring showed that during this 18-year period, in some years, the VCI
index of severe drought (2009) shows that less rainfall occurred in the same year, and in 2014 it
shows a very severe wet season where significant rainfall has occurred. Also, the results of the
correlation between these two indices showed that the six-month SPI correlation coefficient has a
higher correlation with the average VCI index than the quarter. In general, it was found that in
the absence of meteorological indicators, a satellite index can be used to monitor drought.
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