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8. Thermal-Infrared Dust Index (TDI)
9. Thermal Infrared Integrated Dust Index (TIIDI)
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Figure (1): Location of study area (Yazd province)

g L elsale e Glojen e Jhoa Laslis
3 b UL TN S e s BB 0L
L/t glagz s Jsb 8350w 5 ek w ol Sl >
500 /Y0 LS S8 g, B L 5 e e VE/E
sk ol e e Sl &3, (SOl seas 5 e skS )
el a5l Coslis GLE 55 S glaslis s 82 L
3360 gl ey Olialie (s S odzeiw oy
ealiws lasle 5l ja woaad 4 S 51 318T 5155505k
Ly glaesls 5o5 S ST 1 35 clled YouY o 51444
https:/ladsweb.modaps.eosdis.nasa.gov sl 5 51 of e

Sl oslizal 5 w2y LB Ol sba

oslaul 3, 90 glresls
S5 bl B5s L Olesen glawls 5 5Lesn S laslish
55 4 Gl Koo p ol Blsg, O3 Jam 5 anidl
oealS e s LS SO 5l S a1y s Ol aagy
S e bbb ass 53 (Y)W (o sdis) Las s
—bilen Olaslu 58l s &ouu8 5 sl Ce e SledUb
b e 2 Lol 8 sbaalat ;)5S
8595 53 e Ve Sl S 531 s D8 5 Al e Ve
osbieas caalsl ja b S SLLLE Y 0 LYYy Sl
Shlos (53l SaT 5 e s S il gla ast s dylis
St g s e sk slas 0L 5b 51 Sl

skl Sl wfsa () o) Al ol e s S

éu\hﬁ.’aﬁw:}a Z-Ua.lkuﬁ_‘,l.d"‘_éu_,b 6‘*333 Olasin :(\)d}-\q

Table (1): Properties of dust storm days and MODIS sensor images in the study area
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Table (2): Indices of dust storm detector in the study area
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Table (3): Relation of aerosol optical depth (AOD) and algorithms of four dust storm events in the study area

SWlae Bakie slas ) Sler 3 Jbbss 8 sbapn, Kl (Kl Ges bl () Jpur

aF

L_g\_ar:.i)jﬁl 5 35 Jls e 140 szl cla_ﬂ 5> TIIDI

XL Sl sl by (€ Jsas) il Sldlas dikie

-y
. 3
& 2
NDDI THDI DI Roskoverisky & Miller Ackerman ¢
o 4
n
Y =0.03x + 0.1 Y=268x-1.0 Y=18x+16 Y =02x+0.1 Y=07x-04  Y=-06x-06 doles
IR V84 0 ey Y0 AR P
VEAS Ve Ve e Ve Ve P-value )’:
Y =-0.1x +0.2 Y =211x-122  Y=17x+12 Y =0.2x - 0.01 Y=08x-14 Y=-08x+05 doles =
=
iy i3Y AK A /80 /81 roz
ooty Ry e AR A YOAY P-value -
Y=-01x+02 Y=-283x+172 Y=02x+23  Y=-0.05x+0.2 Y =-09x-0.2 Y =09x-08 dolee B
OYE e Y g A " r ;
ARt /o AN AR gt YA P-value -
Y =-0.1x +0.1 Y=-44x-75 Y=14x+09 Y =004x+001 Y=06x-22 Y=-07x+14 dolee 55
Yy v/ VA o/YY v/00 AN r i
e +/641 Ve NS V0T Y p-value :
éu&#mﬁb‘ﬁ) )L@P; BL) )L:..G"b; 6&&)}&‘}6&‘ L LL::)‘ :(i) J"J?
Table (4): Relation of horizontal visibility and algorithms of four dust storm events in the study area
-y
. 3
&4 )
NDDI THDI TDI Roskovensky & Miller Ackerman ~
Liou = 4
rﬂ)}s’ 2
]
Y =1E-06x + 0.2 Y =-4E-04x + 12.9 Y =-2E-05x +2.6 Y =-3E-06x+0.2 Y =-2E-05x+0.2 Y =3E-05x-1.2 alsles 3-
NS VY '/0) e v VoY e
Ve o ATV AV YT Y P-value »
Y=-2E-05x +0.1 Y =-0.004x +11.7 Y =-1E-04x+35 Y =-9E-06x+0.1 Y =-0.0002x-0.6 Y =0.0002x - 0.4 dolas -
oy oY oY N A Ve g
Rl V/rYo Y Y Y VYV Pvalue
Y =-7E-05x + 0.3 Y =-0.006x +24.9 Y =0.0001x+2.0 Y =-1E-05x+0.2 Y =-0.0003x+0.1 Y =0.0003x—1.0 asles 3
V04 VAN YY Y % LJor =
v oA AR /614 ety o/ +/+*4Y  P-value >
Y =7E-06x+0.1 Y =-0.0004x-6.7 Y =-5E-05x+2.7 Y =-4E-06x+0.1 Y =4E-05x+0.4 Y =4E-05x+0.4 slaa -
>
v/0Y VAR ans VAR% [VAR3 VANY é
/244 VAV YA EYY v VWA Povalue >




a0 Sl Bbli 50 yLe g8 sl bab jlu il (clapss ysl 8 ,Shos il 3!

53°00"E S4°00"E 55°0°0"E 36°0°0"E 53°0'0"E 54°0'0"E 55°00"E 56°0'0"E
s s FCC143
e &
- -
)
s
a
= =
&
= 3

53°00"E 54°00"E 55°00"E 56°0°0"E 53°00"E 54°0'0"E 55°0'0"E 56°0°0"E

53°0°0"E 5400 55°0°0"E 56°0'0"E 00"E 54°00"E 55°00"E
S ; . £
s Miller Ackerman
- =
g

1.3 10.2

£ z ' -
~ ) %

53°00"E 5400 55°0'0"E S6°00"E -11.3 S300%E S54°00"E 55°0°0"E 56°0°0"E 22

53°00"E 54°0'0"E 55°0'0"E S6°0'0"E S3°00°E S4°00"E 55°0'0"E 56°0'0"E

TDI 5] ¢ Roskovensky
$ s .
= = & Liou

32°0°0"N
32°0'0°N

= =

2 g

S s

s 3

% <

- -

7.7 0.6

. m . -
£ £

s s

S =1

s s

= =

S3°00°E SA00E

Roskovenskey Miller Ackerman duﬁ,ﬂ| S Senme b (VEF Ky caS ) YN0/ YN s alas 5Légs £ o5l Kol :(F) s
53 Obl 83905 55 (AOD) JLe Sily3 (5,55 o8 psadl b o mnd 9 NDDI (TIIDI (TDI @nd Liou

Figure (3): The detection of dust storm event in 10/02/2015 (FCC143) using the algorithms of Ackerman, Miller, Roskovenskey and
Liou, TDI, TIIDI, NDDI and accuracy assessment usig AOD image in Yazd province region
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Figure (5): The detection of dust storm event in 20/07/2015 (FCC143) using the algorithms of Ackerman, Miller, Roskovenskey and
Liou, TDI, TIIDI, NDDI and accuracy assessment usig AOD image in Yazd province region
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Table (5): Limitation of dust threshold in the dust storm events of study area
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Extended abstract

Introduction: In recent years, frequency and intensity of dust storms have been increased because of human
destructive activities and caused significant loss in different aspects of hygienic and health, environmental and
socio-economic sections. Therefore, detection and trace of dust storms in shortest time is the first effective step
in preparation and implementation of strategic and operational plans in regions where are affected by dust
storms. Using of remote sensing techniques in running of detector algorithms of dust storm plumes via satellite
images are efficient methods to detect dust storm events, especially in large areas presented by researchers who
study in this field. In this research has been tried to compare the most important algorithms to detect dust plumes
and introduce the most suitable algorithm for the Yazd province suffered dust storm events and their loss.

Materials and methods: To detect dust storms, the events with wind speed of more than 10 m/s and horizontal
visibility of less than 1000 m were identified using meteorological synoptic stations data in the study area during
2010-2015. In the following, six common algorithms for detection of dust plume including Ackerman, Miller,
Roskovensky and Liou, Thermal Infrared dust index (TDI), Thermal Infrared Integrated Dust Index (T1IDI) and
Normalized Difference Dust Index (NDDI) were examined via satellite data of MODIS sensor in four dust storm
events. In order to evaluate the accuracy assessment of dust maps, relation between the produced maps and
horizontal visibility records of the meteorological stations located in the study area, as well as, Aerosol Optical
Depth (AOD) of dust based on deep blue algorithms were analyzed.

Results: Results showed that Roskovensky and Liou, Thermal Infrared dust index (TDI) and Thermal Infrared
Integrated Dust Index (TIIDI) had better accuracy and precision to detect dust storm events based on aerosol
optical depth (AOD) maps and horizontal visibility records of the study area. According to the results, TDI and
TIHDI algorithms had better performance to detect dust plume in 03/02/2011 event. Correlation of TDI and TIIDI
maps with AOD were 0.65 and 0.49, respectively, which were significant at 1% level, while, Roskovenskey and
Liou algorithm presented more suitable result to detect dust storm in 10/02/2015 event. Correlation of
Roskovensky and Liou map with AOD and horizontal visibility records were 0.68 and 0.76, respectively, which
were significantly at 1% and 5% levels, respectively. In 13/04/205 and 20/07/2015 events, TIIDI and TDI
algorithms showed better performance to detect dust plumes. Correlation of TIIDI with AOD was 0.81 which
was significant at 5% level. Also, the correlation between TDI and horizontal visibility records was 0.71 which
was significant at 1% level.
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Discussion and Conclusion: Some dust storm events are analyzed by remote sensing techniques via methods
such as indices and algorithms related to dust detection, interpretation of false color composite and brightness
temperature difference of features and phenomena in satellite images. These methods are very efficient to detect
dust especially, the dust plumes which their visual detection are difficult because of low density. However, the
results of indices of dust detection are different, because of various chemical composite of dust particles and
resulted in different spectral and thermal properties in different regions. According to the results, none of the
algorithms could detect dust plumes in all events. They were just able to detect dust plumes in one or two events.
However, the algorithms that used thermal bands or combination of thermal and reflective bands in their
equations had been more effective to detect dust storm. To have better dust storm detection, using threshold
ranges according spectral and thermal properties are required in each region and even in each event. Using
quantities data of aerosol optical depth of dust as well as horizontal visibility records of meteorological stations
are suitable tools to adjust to the real situation and analyze accuracy assessment of dust maps made by different
algorithms.
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