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Abstract— Dust events are intricate climatic processes which 

may largely affect environmental and health conditions. In the 
present study, among the parameters and indices concerning the most 
efficient dust detection algorithms as to MODIS products, three 
principal ones (BTD31,32, NDDI and MEDI) were selected to asses 
their and linear and exponential correlation to one key terrain data, 
Corresponding visibility, for two separated cases: a) all dust events 
reported thorough synoptic codes and b) heavier dust storms (with 
visibility less than 1000 Km). As a conclusion, in both case (a) and 
(b), BTD 31-32 shows the highest correlation (mild correlation) and 
was presented as the optimum parameter. Finally, we present an 
optimum exponential equation derived from regression as well as 
recommendations to achieve more efficiently dust modeling. 
 
Keywords— Brightness Temprature Difference, Dust, MEDI, 

MODIS, NDDI, Visibility.  

I. INTRODUCTION 
N recent years, dust storms frequently occurs in western, 
southwestern and southern Iran. These events may have a 

variety of adverse impacts on air qulity, environment and 
health [1].  

Generally, the ground based measurement methods and 
remote sensing technology are two prominent methods for 
monitoring dust storm [6]. The sites used to measure dust 
storm are often laid sparsely, so because of low temporal and 
spatial resolution, conventional ground based measurement 
method cannot sufficiently satisfy the requirements of dust 
storm monitoring and forecasting. The technology of satellite 
remote sensing presents a number of  advantages, such as: 
wide coverage, continuous in the space and monitoring natural 
disasters quickly, thefore it can act as an important role in the 
dust storm monitoring. Remote sensing can monitor the scope 
of dust storm, its intensity grade and its moving trace 
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[10],[13]. 
Mineral dust and smoke particles can directly alter solar and 

Earth radiation in both visible and infrared (IR) spectral 
regions through scattering and absorption processes. Due to 
specific optical properties of dust and smoke particles, satellite 
observed radiances carry the spectral signatures of dust and 
smoke particles that are different from molecular, cloud, and 
underlying  surface. In practice, the detection is based on the 
analysis of reflectance (or radiance) in visible bands or 
brightness  temperature (BT) in IR bands. The magnitude of 
the difference in reflectance or BT in selected bands (or 
channels) can be used to infer the signature of dust and smoke. 
This is the essence of aerosol imagery detection algorithms 
[14]. Based on these differences, Many various algorithms 
have been developed and suggested to detect and identify dust 
plumes using remotely sensed data. Zhang et al [15] 
investigate a dust event in northern China with three MODIS 
thermal infrared (IR) bands. It is found that for the dust cloud, 
the observed 11μm minus 12μm brightness temperature 
difference (BTD) is always negative, while the BTD of 8.5μm 
minus 11μm varies from positive to negative depending on the 
dust concentration. Based on these distinguishing properties, 
they develop a dust mask algorithm to identify the dust storm 
occurrence and spatial extent. Baddock et al [2] compare and 
evaluated five principal using MODIS Level 1B and MODIS 
Level 2 aerosol data, to differentiate dust (mineral aerosol) 
from non-dust, and determine the extent to which they enable 
the source of the dust to be discerned. They used five MODIS 
L1B methods: (1) un-processed false colour composite (FCC), 
(2) brightness temperature difference, (3) Ackerman's  
procedure, (4) Miller's dust enhancement algorithm and (5) 
Roskovensky and Liou's dust differentiation algorithm. Karimi 
et al [4] develope a new false color composite (FCC) map for 
the dust storm enhancement and point sources determination 
in the Middle East and illustrate that the best FCC map for 
enhancement of dust storm in the middle east is an especial 
combination of the three indices (Red: D, Green: BTD and 
Blue: NDDI). Schepanski et al [8] compared two methods for 
dust source identificatio: (1) a “back-tracking”method applied 
to 15-minute MSG IR dust index, and (2) a “frequency” 
method applied to daily OMI AI and daily MODIS DeepBlue 
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Aerosol Optical Thickness (AOT) data. 
 

II. DATA AND METHOD 

A. Study Region 
The region of study is Khuzestan Province (Coordinates: 

32°46′13″N 48°32′55″E) which is located in the southwest of 
Iran, bordering Iraq's Basra Province and the Persian Gulf 

(Fig. 1). It borders Ilam and Lorestan provinces in the north, 
Iraq in the west, Persian Gulf and Bushehr province in the 
south, and Chahar Mahaal and Bakhtiari, Kohgiluyeh and 
Boyer-Ahmad and Isfahan provinces in the east. Khuzestan 
covers an area of 64,055 km² and has a population of 
4,345,607 (2005) [15]. 
 

B. Data 
In the present study, the MODIS L1B data were used to a 

make a comparison of several dust retrieval algorithms and to 
apply a new approach to identify dust storms by a combination 
of the visible and thermal infrared bands. MODIS (Moderate 
Resolution Imaging Spectroradiometer) is a key instrument 
aboard NASA's Terra and Aqua satellites. MODIS views 
almost the entire surface of the Earth every day, acquiring data 
in 36 spectral bands over a 2330 km swath. Its data will 
improve the understanding of global dynamics and processes 
occurring on the land, in the oceans, and in the lower 
atmosphere and is playing a vital role in the development of 
validated, global, interactive Earth system models able to 
predict global change accurately enough to assist policy 
makers in making sound decisions as to the protection of 
environment [2],[3],[6].  

In addition, we exploited visibility, wind velocity and 

direction, air pressure and air present state (after quality 
control) concerning to all synoptic station which exists in 
Khuzestan province, Iran in 2009 and 2010.  

C. Methodology 
At first step, using meteorological data such as visibility, wind 
velocity/direction and air present state, all dust events 
regarding to 2009-2010 was  derived. The main criteria to 
attain this aim is considering synoptic codes 06 and 07( as air 
present state), which states to dust events, to select 
corresponding events. Therefore, station’s data which does not 
meet that criteria on the selected events were excluded from 
the investigation. 

Considering the selected dust events and preferably for 
more heavier dust storms (less visibility), MODIS data 
(MYD021KM and MOD021KM) were obtained from the 
Level 1 Atmosphere Archived and Distribution System 
(http://ladsweb.nascom.nasa.gov) and processed to convert the 
digital numbers into radiometrically calibrated and geo-
located data products. 

The next step was to select three principal ones (BTD31,32, 
NDDI and MEDI), among the parameters and indices 
concerning the most efficient dust detection algorithms as to 
MODIS products, to asses their and linear (Pearson) and 
exponential correlation (as a highly principal terrain data to 
represent the presence and intensity of dust events) and then, 
using band math operation as to brightness temperature and 
spectral radiance calculations thorough ENVI 4.7, extracted 
images with values of these selected parameters were 
separatedly generated. 

Based on Khuzestan provinece’s synoptic stations 
coordinates (Measured in seconds and by means of GPS), 
linear (Pearson) and exponential correlation between the 
selected parameters or indices and corresponding visibility 
data was separatedly determined and compared for 245 
time/points.  

Correlation and regression analysis for two separated cases 
a) all dust events reported thorough synoptic codes and b) 
heavier dust storms (with visibility less than 1000 Km) was 
implemented, optimum parameter  and consequently the best 
single variable equation was determined. All statistical 
analysis was carried out using MATLAB 7.11.0 and Microsoft 
Excel 2007 .These parameters and indices were represented in 
following section. 

A. Brightness Temperature Difference (BTD 31,32) 
Using thermal elecctomagntic waves range provides the 

ability of collecting data during day and night as well as 
minimize the effect of atmospheric factors on infrared data 
retrieval. 

The procedure is to transform all images digits to radiances 
firstly, and then using Planck's equation (1), the corresponding 
bands' brightness temperature values: 

 

 
Fig. 1 Study Region: Khuzestan Province, Iran 
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Where ),( λTB , h, k and T are respectively Planck function 

at a given wavelength and temprature, Planck constant 
(6.62606957 × 10-34 m2.kg /s), Boltzmann constant (1.3806488 
×10-23 m2.kg.s-2.K-1), light speed (2.998 × 10� �

�
) and 

temprature.  
. Based on Planck's equation, the temperature (K) would be 

derived from (2): 
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Where L is image radiance (w. m��. sr��. μm��). 
After brightneess temperature deriving, by subtracting the 

corresponding brightness temperatures, desired brightness 
temperatures differences  (BTD) would be derived [4]. 

Based on literature reviewing, it is expected that BTD 31,32 
could be a appropriate choice to analysis its correlation to a 
dust sensitive, terrain data[2],[4]. 
 

B. Normalized Difference Dust Index (NDDI) 
Equation (3)  defines Normalized Difference Dust Index 

(NDDI) which was suggested for sand and dust storms 
tracking: 
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Where 132.ρ and 4690.ρ are respectively  radiance values of   

band 3 and band 7 at the top of atmosphere 
(�. ���. sr��. ����). 

The basis of this index is that spectral analysis of sand and 
soil shows dust radition increases along with wavelength 
(between 0.4 to 2.5 micrometers) i.e. the radiation is its 
minimum at (MODIS) band 3 (0.469 micrometers) and its 
maximum (MODIS) band 7 (2.13 mirometers). This 
characteristic makes dust distinguishable from cloud –which  
has maximum reflectivity at band 3 [12]. 

 

C. Middle East Dust Index (MEDI) 

In recently suggested dust model named Middle East Dust 
Index (MEDI), both BT31 and BT32 were subtracted from 
BT29 to highlight bright surface (deserts) and mineral dust 
difference and then the first result was divided by the second 
result. Equation (4) shows this threshold index: 
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Where BTi is brightness temperature (K) concerning to 

band i. The value of the Middle East Dust Index (MEDI) for 
desert surfaces will be greater than 0.6 and consequently a 
value less than 0.6 indicates dusty pixels (for a given storm) 
[5]. 
 

III. RESULTS AND DISCUSSIONS 
The extracted data regarding to parameters and indices 

values was gathered on tables (Table 1) and  then their 
separated correlation analysis to corresponding visibility for 
both case (a) and (b) data. was carried out. 

 

A. Brightness Temperature Difference 
In BTD 31,32,  dusty pixels have a value close to zero or 

less and it is advisable that a value less than 0.05 may be 
considered as a threshold to differentiate dust plumes from 
non-dusty regions. 

As it is shown in Fig. 2, this parameter  have correlation to 
visibility data, because of the fact that  considering the 
complexity of the problem, aforementioned correlation to 
visibility data in case (a) –which states to all dust events, is a 
mild correlation. 

The highest correlation is regarding to exponential 
correlation in all dust events (case (a)). 

 

B. Normalized Difference Dust Index (NDDI) 
The results showed in Fig. 3 illustrate that Normalized 

Difference Dust Index (NDDI) has a poor correlation to 

Table 1 Extracted Data for a dust event at 24th June 2010, Product: 
MYD021KM 

Station Name Visibility 
(m) 

BTD 31,32 
(K) NDDI MEDI 

Abadan 1200 -0.273 0.111 0.922 

Ahwaz 1312 -2.341 0.118 0.31 

Omidiyeh 1500 -1.94 0.155 0.393 

Izeh 386 -0.612 -0.071 0.664 

Behbahan 1000 -1.126 0.094 0.637 

Bandar-e Mahshahr 1570 -0.335 0.172 0.84 

Bostan 2420 -2.558 0.184 0.189 

Hoseyniye 2560 -2.321 0.142 0.567 

Shoshtar 644 -2.347 0.192 0.442 

Dehdez 156 -0.23 0.153 0.908 

Dezful 1280 -1.502 0.041 0.575 

Ramhormoz 2860 -1.948 0.11 0.506 

Masjed Solyman 714 -2.491 0.204 0.306 

Hendijan 4580 -1.34 0.16 0.632 
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Fig. 3 NDDI – Visibility Linear and Exponential Equations Derived 
from Regression for case (a) and (b) 
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Fig. 2 BTD 31,32 – Visibility Linear and Exponential Equations Derived 
from Regression for case (a) and (b) 

y = 894.1x + 3148
R² = 0.224

y = 2010.e0.381x

R² = 0.246

0
2000
4000
6000
8000

10000
12000
14000
16000

-4 -2 0 2 4 6

Vi
si

bi
lit

y 
(m

)

BTD 31,32 (K)

(a)

y = 131.5x + 707.1
R² = 0.155

y = 565.4e0.140x

R² = 0.085
0

500

1000

1500

2000

2500

3000

-4 -2 0 2 4 6

Vi
si

bi
lit

y 
(m

)

BTD 31,32 (K)

(b)

visibility data. Nevertheless, NDDI correlation  is 
meaningfully higher in case (b) -which states to heavier dust 
storms. 

This poor correlation is because of that NDDI could not  
merely differentiate atmospheric dust from ground dust and 
sand and consequently does not have a good correlation to 
visibility data. 
 

C. Middle East Dust Index (MEDI) 
As it is shown in Fig. 4, In both case (a) and (b), linear 

(Pearson) and exponential correlation to visibility data for 
MEDI were assed poor or very poor. One important reason 
may be for its special algebraic form which causes to be very 

sensitive to any comparative changes in BT29 and BT32 (the 
denominator). 
 

IV. CONCLUSION AND RECOMMENDATIONS 
Remote sensing technology have an significant role in dust 

detecting, monitoring, modeling and source identifying. In 
comparison with ground-based methods, it presents real-time, 
inexpensive and with high spatial cover methods. In this 
paper, following results were concluded 

1. Among BTD 31,32 (BTD 11-12), NDDI and MEDI, in 
both case (a) and (b), BTD 31-32 shows the highest 
correlation in linear and exponential form to visibility data. As 
well as, exponential correlation is slightly better than linear 
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Fig. 4 MEDI – Visibility Linear and Exponential Equations Derived 
from Regression for case (a) and (b) 
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(Pearson) correlation Nevertheless, aforementioned correlation 
is not high enough for image-based dust plumes modeling and 
it is required that other robust dust parameters and indices 
such as D-parameter (suggested by Roskovensky and Liou 
[7]) and D*-parameter (suggested by Hansell et al [3]) include 
to a similar investigation. 

2. In all dust events (case (a)), BTD 31,32  shows a mild 
correlation to visibility data whereas for NDDI and MEDI,  
the correlation in case (a) is poor or very poor and only in case 
(b) (heavier dust storms with visibility less than 1000 Km) that 
is meaningfully better so these indices may generally not 
considered as appropriate parameters to model and estimate 
dust plumes thorough MODIS products. 
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