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1-Introduction

In recent years, suspended particles as one of the air pollutants have attracted many people due to their role
in global climate change, creating health problems and risks. Suspended particles have a significant effect
on the absorption and scattering of incoming solar radiation and directly cause a disturbance in the radiation
balance. Also, the condensation nuclei of cloud droplets affect the formation of clouds and rain. Issues
related to air pollution and aerosols have also been significant environmental problems for the people of
the world and, of course, the Middle East region in recent years. Because Iran is located in an arid and semi-
arid region and receives only one-third of the world's rainfall, it is constantly faced with sand and dust
storms (Zarasvandi et al., 2021). A dust storm is a natural phenomenon occurring in parts of the world with
arid and semi-arid regions (Liu et al., 2009). The effects of the dust phenomenon may continue for a long
distance from the primary source and cause inappropriate biological effects and much damage in the fields
of agriculture, industry, and transportation (Khoshkish et al., 2011).

On the other hand, air vents can significantly affect the formation and destruction of clouds (cloud
burning) and the amount of rain (Houghton et al., 2001; Mayahi et al., 2021). Research conducted by (Jourvi
et al., 2008) showed that the world's surface always has cloud cover. Because the cloud cover is often at a
higher altitude than the aerials, this limits the possibility of aerosol investigation in cloudy times (Kahn et
al., 2005). Therefore, using remote sensing and geographic information systems to monitor dust storms is
mandatory and inevitable (Rangzan et al., 2013). Due to its geographic and climatic location and proximity
to the deserts of neighboring countries such as Iraq, Syria, and Saudi Arabia, southwest Iran is more exposed
to dust systems. This phenomenon has disrupted people's lives in parts of the country, especially in
Khuzestan province, and knowing the characteristics of this pollutant can be important for managers in
planning.

2-Material and methods

2-1-area of study

The area studied in this research is 64057 square kilometers, 29x57 minutes in the country, 33 minutes and
0 minutes and minutes in the south,0 degrees and 8 degrees in the southeast, and 29and57 minutes(Figure).
In terms of elevation and elevation, Khuzestan province can be divided into two mountainous and plain
regions. The mountainous region is mainly located in the north and east of the province and includes about
35%o0f the area. The plains region in Khuzestan started from the south of Dezful, Masjid Suleiman,
Ramhormoz, and Behbahan and continues to the south of the province. This area is approximately 65% of
the total area of the province.
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Fig.1. Location of the study area.

MODIS sensor data can be used to obtain a lot of information, including atmospheric temperature and
humidity, cloud cover and its properties, weather characteristics, land and sea surface temperatures, natural
and artificial fires, ocean color, and vegetation indices (NASA, 2002). This meter is installed on two
platforms, Terra and Aqua, with technical differences. The MODIS sensor bands are in the range of 14.235-
0.412 micrometers with mechanical power of 250 meters (2 bands), 500 meters (5), and 1000 meters (29
bands). The MODIS sensor is designed to scan in the nadir and the plane perpendicular to the satellite's
motion. The maximum sweep length of degrees on both sides of Nadir (110 degrees) leads to a bandwidth
of 2330 km centered on the satellite's ground path; its orbital altitude is 705 km (Savtchenko et al., 2004).

Table 1. Data used in research

Sensor  Spatial resolution Product Name Parameter type number
MODIS 250 meters MOD13Q1 Normal vegetation 1
MODIS 1 meter MODI11A1 Earth surface temperature 2
MODIS 1 meter MODO04L2 Optical depth of the atmosphere 3

3-Results and discussions

3-1-Spatial-spatial changes of the vegetation index have been normalized

In this research, the MOD13Q1 product of the MODIS satellite was used to investigate the vegetation
changes in the period between 2000 and 2020. Whose maps are shown in Figure 2, and their quantitative
information, including area, percentage of the area, and changes in vegetation classes, are given. Based on
the obtained results, the changes in the barren land class for the period between 2000 and 2005 showed a
19.4% decrease in area. For the period between 2005 and 2010, the area changes show a 7.1% increase in
the area. Between 2010 and 2015, the area increased about 2.78%. Between 2015 and 2020, the area
changes decreased by about 12.3% . Finally, in the period under investigation between 2000 and 2020, the
changes in barren lands show a 21.82% decrease in the area. The differences in the low-density class
between 2000 and 2005, equal to 13.96%, showed an increase in the area. For the period between 2005 and
2010, the area changes show a decrease of 8.36% in the amount of area. Between 2010 and 2015, the area
decreased by about 5.48%. Between 2015 and 2020, the area changes showed an increase of about 4.32%.
Finally, in the entire period under review between 2000 and 2020, the changes in the low-density class
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show a 4.43% area increase. The differences in the average vegetation class between 2000 and 2005 showed
a rise of 3.52% in the area. Between 2005 and 2010, the area changes show a 0.66% increase in area.
Between 2010 and 2015, the area increased about 0.51%. Between 2014 and 2019, the area changes showed
an increase of about 3.57%. Finally, in the period studied between 2000 and 2020, the changes in the low-
density class show a 27.8% increase in area. The differences in the dense vegetation class between 2000
and 2005 showed a rise of 1.41% in the area. For the period between2005and2010, the area changes show
a 0.48% increase in the amount of area. Between 2010 and 2015, the area increased about 1.19%. Between
2014 and 2019, the area changes showed an increase of about 2.23%. Finally, in the entire studied period
between 2000 and 2020, changes in the dense vegetation class show a 5.32% increase in area. The changes
in the very dense vegetation class between 2000 and 2005 showed a 0.5% increase in area. For the period
between 2005 and 2010, the area changes show an increase in area. Between 2010 and 2015, the area
increased about 0.99%. Between 2014 and 2019, the area changes showed an increase of about 2.18%.
Finally, in the entire period under review between 2000 and 2020, the changes in the low-density class
show a 3.78% increase in area.

NDVI Classification
5% VeryLow

5 Low

5 Moierate

> Hih

2 very High

03 100
— — 0

Fig. 2. Temporal and spatial changes of vegetation cover in Khuzestan province..
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3-2-Investigating the role of dust on vegetation and ground temperature

The analysis each class was performed between 2000, 2005, 2010, 2015 and 2020 (Fig. 3) to investigate
the role of dust on the state of vegetation and the temperature of the earth's surface. The results obtained
for the research period show an almost similar general trend for all four periods. The results show that low
AOD values and surface temperature are associated with high vegetation values in the very low class. For
the low area class, the AOD index has increased, but still, the vegetation has a higher area percentage. In
the medium class, with the increase in the area of the AOD index, the area value of the vegetation index
has significantly decreased, and the area value of the average temperature class shows a slight increase. For
the high class, the area value of the surface temperature index is higher than the AOD and vegetation
indices. Finally, in the very high class, the area values of the AOD and vegetation indices are very low, and
the area value of the surface temperature index is the highest. In Khuzestan province, dust storms have a
high correlation with climatic parameters, so the weather's dryness and the soil's decrease in moisture have
a direct relationship with the frequency of occurrence and the increase in the concentration of dust storms
(Shafiei et al.,2017). Therefore, it can be concluded that the rise in dust occurs due to the lack of vegetation.
Also, increasing the surface temperature is effective in increasing the amount of dust.
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Fig. 3. The relationship between optical depth index, vegetation and land surface temperature.
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4- Conclusion

In this research, after extracting AOD indices, NDVI vegetation index, and land surface temperature (LST)
index, the relationship between dust and vegetation indices and land surface temperature was investigated.
The results show that low AOD values and surface temperature are associated with high vegetation values
in the very low class. For the low area class, the AOD index has increased, but still, the vegetation has a
higher area percentage. In the medium class, with the increase in the area of the AOD index, the area value
of the vegetation index has significantly decreased, and the area value of the average temperature class
shows a slight increase. The surface temperature area value for the high class is higher than the AOD and
vegetation indices. Finally, in the very high class, the area values of the AOD and vegetation indices are
very low, and the area value of the surface temperature index is the highest. Therefore, it can be concluded
that the increase in dust occurs due to the lack of vegetation. Also, increasing the surface temperature is
effective in increasing the amount of dust.
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Sensor  Spatial Resolution Product = Parameter Row
MODIS 250 meter MOD13Q1 NDVI 1
MODIS 1000 meter MODI11A1 LST 2
MODIS 1000 meter MODO04L2 AOD 3

2



%

¥ oo,led ¥ 6,50 VFAY Sl

—h [ . )
Wt &2 R ety e i

Aggregation of MODIS product

AOD

|

MODO04L2 Product

l

LST

!

MODI11A1 Product

NDVI

!

MOD13Q1 Product

|

Pre-processing and
Classification

Assessment Spatiotemporal
changes from 2000 to 2020

Assessment Spatiotemporal
changes from 2000 to 2020

Assessment Spatiotemporal
changes from 2000 to 2020

l

Investigating the effect of PM, s on temperature
and vegetation

e el oo b fages =Y JS5
Fig. 2. Flowchart of research steps.

Wlgi oo (99 (oo iz HlalS Laugs a5) 50,8 158 5 (95
NDVI asls sile bl |, 2lS ple )l bl
;o (Rouse et al.,, 1974) 545 o arnle)alayl) ulaly
Jyaze 5l (alS (g SlpedS (ow) p S ol Goiow
MODI3QI lge cot juwdge ojlgale 2L ilgy
8,5 Dyge ol ganail ¥ Jgaz (bl g ap0 S ool
S VO (S SSa5 5508 53 59, VF 2 sl Jgaze
3 it 3 Vot SeS Jpama S oy 4
SRl Jold Jpame cnl Sl upts 53 (cwgin
Oz oAl (oo a8 gole 5 (2T ey slaail
Iy olsale woge oduziw ;I EVI 4 NDVI LS

(Clark et al, 2010; Quintano et al, 2011)cc!
NDVI=(BNIR-BR)/(BNIR+BR) V(akal))

AeY

o293 9y F

onds Jloy (pLS ibg Sl Jeame -)-F
(NDVI)

zse Job 5o i (Ude 5 L) ollo plals ol bl
e z5o Jsb g (NIR) o035 50,8 (g0l qurbolineg S
S el kS il oo BT Lrge Jsb ple 4 Cos
) 708 Slezse Jsb i 5 ol 5 caiiwd Jdg IS 55l>
w&)qdbﬁﬁwlyowq.wwg&?
Ty Job o Col Lo e 4y Gizren gl ge 00y
0 U5k Lo lsale slo K 4 S5 50 )8 (g0l b
4 &5 sl azls (NDVI) alS s el aiss
Solas 3l oolaiwl b g amdl anwgs olS Jidey carog jshaie
o G5k QLS lawgs Lgd 45) S35 5a3 esle



¥ oo,led ¥ 6,50 VFAY Sl

%

—h [ . )
Wt &2 R ety e i

ol Jloy (ol by Jyame ok aid Y Jgux

Table 2. Normalized vegetation product classification.

Class

Row

0.1
0.1-0.2
0.2-0.3
0.3-0.4

0.4<

Very Low 1

Low 2
Moderate 3
High 4
Very High 5

yol> s 0 il oS Gre o ol o aus
Bof oyy yoliie A (g (+F (5,9 MODO04_L2
https://Ipdaac.usgs.gov/ colw oy 5l Lé 50,5 Sl
Yoeoo 6LmJL...J O tS'L“) o)‘l.g 6‘)-.‘ Jﬁ..am U"‘ W) ;)él.l)o
Sz eiored 28,5 118 solaul 8,50 by Sl ol yo (Sl
b eolaiul Vgus 5l (Sl e esli sondalb
ooy Yo gles Sl Ges allyy,  slaosls
oy eSSl SIS & j08 ¢lhls (MODO04_L2)

(Pozzer et al., 2015)ocn

Sl Gos Jpamo—b
allas ;3 oo slo il 51 2 (AOD) jslse Sl s
&35 4 @Bly 10 ngls (Sl Boe adlioe lo)léso S s
oS pl 0)lo 0)lal g2 55 39290 JLegs S Slajglse
S35 2 sk 9xly ) 55 8l )90 4 zae Job 4 atls
alold (s050e (St yrnn 095 g0 i a3 paSEe e S
ke ailioe 92 B Coond )0 (o) gl 5l (S350
ol Sl 5 Lojpglsa shass o515 b wilgs o (Sl Gae
oy s AOD polie (pog UL ol oglae ol)d

ke 45005 lan (sog0e ygiw slaal ;o Waojigles oS,

Sy Boe Jyame goiy anl Y Jou

Table 3. Optical depth product classification.

Class

Row

0.1>
0.1-0.15
0.15-0.2
0.2-0.25
0.25<

Very Low 1

Low 2
Moderate 3
High 4

Very High 5
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Table 4. Earth surface temperature product classification.

Class Row
30> Very Low 1
30-35 Low 2
35-40 Moderate 3
40-45 High 4
45 < Very High 5
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Fig. 3. Temporal and spatial changes of vegetation cover in the Khuzestan province.
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Table 5. The area and percentage of the area of vegetation indicator classes.

. . Class Unit Period
Very High High Moderate Low  Very Low
464 1171 6619 29307 23750  KM?
0.75 191 1079 4779  38.73 '/. 2000
774 2040 8780 37869 11851  KM?
126 332 1431 6176 1932 '/. 2005
838 2338 9185 32741 16210  KM?
381 1498 5339 2643 1 2010

1447 3069 9501 29377 17915  KM?
2.36 5 1549 4791 2922 '/. 2015
8786 4436 11692 32025 10368  KM?
454 723 1907 5223 16091 '/. 2020
0.5 141 352 1396 -19.4 7 2000-2005
0.1 048 066  -8.36 7.1 7 2005-2010
099 119 051  -548 278 7 2010-2015
218 223 357 432 -123 7 2015-2020
378 532 827 443 2182/ 2000-2020
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Fig. 4. Time-spatial changes of suspended particles in the atmosphere in Khuzestan province.
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Table 6. Area and area percentage of AOD index classes.

Class Unit Period
Very High High Moderate Low  Very Low
3119 6668 35524 15355 977 KMm?

5.06 1081  57.62 249 1.58 / 2000
1568 2911 44820 12137 192  KM?

254 472 272 1969 031 / 2005
2038 8807 38863 11764 141  KM?

33 1429  63.07 1909 023 / 2010
3845 19414 27978 10338 10 KM?

624 3152 4542 1678 0 / 2015
3277 4550 26093 27356 255  KM?

5.32 739 424 4445 041 / 2020
251 609 1509 521  -127 7 2000-2005
0.76 956 964 06  -0.08 7 2005-2010
2.93 1723 -17.64 23 021 L 2010-2015
091 2412 302 2767 039 7 2015-2020
026 342 -1522 1955  -1.17 7 2000-2020
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Table 7. The area and percentage of the areas of the surface temperature index.

Class
) Unit Period
Very High Very Low Moderate Low Very Low

37190 14363 6284 2459 805 KMm?

2000

60.86 23.5 10.28 4.02 1.31 A

26517 17553 10216 4757 2059 KMm?

2005

43.39 28.72 16.71 7.78 3.37 A
17657 24099 11733 5221 2392 KMm?

2010

28.89 39.44 19.2 8.54 3.91 A

29077 16361 10001 3951 1713 KMm?

2015

41.58 26.77 16.36 6.46 2.8 7.

31072 13385 10758 4278 1610 KMm?

2020

50.85 21.9 17.6 7 2.63 /.

-17.46 5.22 6.43 3.75 2.05 A 2000-2005
-14.5 10.71 243 0.75 0.54 A 2005-2010
18.68 -12.66 -2.83 -2.07 -1.11 A 2010-2015
3.26 -4.87 1.23 0.53 -0.16 A 2015-2020

-10.01 -1.6 7.32 2.97 1.31 A 2000-2020
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A-Q



¥ oo)lad MY 6,50 VFLY S0l

V%

“r - . & . . “.
LTSN ‘_go),g)ls Gwl-u-d o) ;,‘,"'qu/:#;apf}

Colus jlaae g adl pald Coiy olS iig jasls
Slp o oo plas 1y ulidl g lade lawgie gles ullS
S e gl esls colus
2 le o il olS ls 9 AOD slaasls
Uity 3 AOD el jaslis corlus pyolis ol L llS
Ot e les (a3l Cobus e 5 65 Lo (oLS
e 5 0,5 laplish olwss ol 5o wile e
S a5 (g 5k 0,10 carll sl il )y b UL (Sicon
5 €589 Slold b S 50 s9zge Cashy talS 5 Ise 5 o
Shafiei et al., ) o s puiins alaly bjglgn cldale yiol53l
il a5 58 bl aisSayl lgie oalpls (al., 2017)
Oied d3os £y (BLS gy 05 Sl s jlgs S

el Fge JLege S polie (23,UL 50 mhaw sles (I3

E

4w
E ©
| e
g o
Cakie
I Sery small Lowe wery much
Chass
%
5*2
1]
t '.
o,
E
.q I 1 m
Wery small Lowe v very much
Class
s ACD wNDNT =sL3T

Oy g sles g (2l by o Sl Bes

Slod 9 (BLS by 2 )LE 90,5 B oy -F-Y

o)
oo 5 (BLS gy Somdy  )Lé 905 AE (o) p Sux
Cobas woyd @y bgype Lol Jolo 5 a5 ) e o
ATV Gladle o Sley sloosl jo WS 2 4 by ye
s (FUSS) ol eolawl 1A 5 1YAY AYAQ AYAY
1y stelinn Lo, S &g, s Jloj o5l (slp sal Caway
Sl u.Uaa u;‘ ).i’l.:.’ C"L"’ DO (0 ul.m.’ 0,99 )LP » ‘_gl).’
b sls g AOD Lol o9 Gyl o5 Lo S 0 a8
u,.,US ‘_g‘),’ o o‘)a.fb G(bl.:f LJ""""?" ),’ol.a.a OO UL’ L’ O
olimen Js il Lili3l AOD asls colos i o5

oS ool e (5 e Colue do o gl aLS ilsy

A
.
Loy
T =
Ei s
? lj
‘-m small Law =34 verv g
Clazs
E b
r l, lj N
T
'-i.‘""sl'ﬂau e Very very mmuch
Class
E
[
E P
g 50
L =]
‘..e-r smuall Leme madeay wary much
Class

aLs o b, - S5

Fig. 6. The relationship between optical depth index, vegetation and land surface temperature.
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Fig. 7. The regression between optical depth index, vegetation, and land surface temperature.
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