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Land Surface Temperature in the Yardang Region of Lut  
Desert (Iran) Based on Field Measurements and 

 Landsat Thermal Data 

S. K. Alavipanah1*, M. Saradjian2, Gh. R. Savaghebi3, Ch. B. Komaki1, 
E. Moghimi4 and M. Karimpour Reyhan1  

ABSTRACT 

Due to the hard climatic conditions of the yardang region in the Lut Desert, not much 
information about land surface temperatures of this region, one of the extremely arid cli-
matic zones of Iran, has been extracted. Therefore, in this study in order to obtain some 
information about important surface features of the Lut Desert (marl, grey sand, bright 
sand and salt affected land), field temperature measurements were taken and remotely 
sensed data processing were made.  Temperature was measured eight times from 6 a.m. to 
8 p.m. during a 15-day period in October 2000. In addition to field measurements, Land 
sat satellite TM thermal data dated on the 25th of June, 1989 and other sources of data 
and maps were used. Thermal remote sensing analysis was applied for mapping surface 
temperatures in the south-eastern part of the Lut Desert in Iran. In this research, the 
methodology comprised : 1) field temperature measurements, 2) the relationship between 
the temperature of different soil surfaces and land cover types, 3) diurnal variations in the 
surface temperature of land cover types, 4) primary image processing and fieldwork, 5) 
image processing and calibration,6) image classification and accuracy assessment, and 7) 
land surface temperature mapping. The results obtained have shown the differences be-
tween the surface temperatures of the studied features. The significant differences be-
tween surface temperatures were discussed. The results obtained have also shown the im-
portance of thermal sensor selection from the viewpoint of satellite overpass time. The re-
sults obtained from thermal data and field temperature measurements have shown the 
time of Landsat satellite overpass has to be considered for image interpretation. As a re-
sult, the temperature lowers, respectively, in regions such as yardangs, desert pavement, 
salty lands, and wetlands; however, it increases in sandy regions. 

Keywords: Image processing, Land surface temperature, Lut Desert, Radiance, Sand dune, 
TM bands, Yardang. 
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INTRODUCTION 

Land surface temperature (LST) is an im-
portant factor controlling most physical, 
chemical, and biological processes of the 
Earth. Knowledge of LST is necessary for 
many environmental studies and manage-

ment activities of the earth resources (Li and 
Becker, 1993). This extensive requirement 
of land surface temperature (LST) for envi-
ronmental studies and management activities 
of the earth resources has made thermal re-
mote sensing an important academic topic 
during the last two decades. Temperature is 
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a fundamental thermodynamic quantity used 
to describe the state of matter and to quan-
tify the transport of heat. Temperature is 
such an essential factor in understanding all 
physical, chemical and biological systems 
on earth and space that Norman et al. (1995) 
stated it must be considered in any studies 
involving earth sciences. 

Thermal remote sensing offers the possi-
bility of monitoring the surface energy 
budget on regional and global scales (Nor-
man et al., 1995). But the limited success 
associated with the use of thermal remote 
sensing may arise from: 1) the presence of 
numerous variables that can affect surface 
temperature, 2) the difference between 
thermal properties and surface reflectance, 
and 3) the difference between spatial resolu-
tion of thermal and reflective bands. How-
ever, evidence based on environmental stud-
ies has shown the practical applications of 
thermal remote sensing in different fields, 
such as mapping land cover types and terrain 
analysis. Hence, Landsat TM (Thematic 
Matter) thermal bands have proved useful 
for mapping depositional environments in 
the Ardakan playa in Iran (Alavi Panah et 
al., 2002).  

There are many approaches to mapping 
surface temperature from thermal scanner 
data (Lillesand and Kiefer, 1994). Tech-
niques for generating thermal maps from the 
TM thermal data may have the advantages 
of reducing cost and time in very poorly ac-
cessible regions of the Lut Desert. Remote 
sensing has shown its greatest value where 
fieldwork was difficult. Therefore, in this 
study we applied thermal remotely sensed 
data in the central Lut Desert that is a poorly 
accessible region.  

Solar radiation depends fundamentally 
upon climate, but the amount of energy en-
tering the soil is affected by other factors 
such as, a) topography and slope, b) land 
cover property, and c) vegetation. 

The daytime image is dominated by topog-
raphic effects which are made by the solar 
angle (sun elevation angle) that light reflects 
on the surface, on the daytime images of the 
yardang area, and that the ridges and slopes 

that face South and East are heated more by 
the morning sun and have bright (warm) 
signatures in contrast to those facing North. 

In desert lands, vegetation cover rarely 
comes into view, so the land cover property 
is simply bare soil properties which include 
moisture content, colour, coarse fragments, 
texture and structure. 

The soil surface temperature is influenced 
by internal and external factors. The internal 
factors are thermal conductivity, heat or 
thermal capacity and thermal Inertia. Ther-
mal conductivity of soil depends on soil 
physical properties such as soil particles, air, 
moisture content and porosity. Thermal ca-
pacity controls oscillations of temperature; 
water has high thermal capacity and rocks 
have low thermal capacity, so water will 
vary little in temperature between day and 
night while rocks will vary greatly. Thermal 
inertia is often dependent on material den-
sity; and often increases linearly with in-
creasing material density (Jensen, 2003). 

The external factors which influence the 
surface temperature are meteorological con-
ditions such as solar radiation, air tempera-
ture, relative humidity, wind speed, and 
cloudiness. 

Unfortunately, the relationship between 
true kinetic temperature (internal or true 
heat) and radiant flux is not perfect. The re-
mote measurement of radiant temperature is 
always somewhat less than true kinetic tem-
perature. This is due to a thermal property 
called emissivity (Jensen, 2003). Hince, 
emissivity has a fundamental function in 
thermal remote sensing. Furthermore, fac-
tors influencing emissivity include: a) color-
darker objects are better absorbers and emit-
ters of radiant energy, b) Surface roughness- 
surfaces that are rough compared to the 
wavelength of the radiation have more sur-
face area for absorbing and emitting radia-
tion, as surface roughness increases, so does 
emissivity, c) Moisture content- emissivity 
increases as moisture increases, d) compac-
tion- more compact material, especially 
soils, have higher emissivities, e) field of 
view- the FOV or spatial scale at which you 
view an object will affect emissivity, f) elec-
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tromagnetic wavelength- emissivity is wave-
length dependent, h) viewing angle- as with 
BRDF1, emissivity can change with the 
viewing angle. 

The interpretation of thermal remote sens-
ing requires the knowledge of land cover 
types, and surface temperature in order to 
yield more reliable results. According to the 
authors’ knowledge, not much research on 
land cover types and surface temperatures 
have been published on the yardang land-
form. Kardavani (1970) stated that the Lut 
Desert is one of the highest surface tempera-
ture zones in the world. Alavi Panah (2003) 
stated that for a more careful and detailed 
interpretation of surface temperature of the 
study area, knowledge on landform and land 
cover types of yardang is helpful.  

In this study, thermal remote sensing 
analysis was applied to study the surface 
temperature of desert features and land-
cover types of the Lut Desert in the south 
eastern part of Iran. We attempted to study 
land the surface temperature of yardang re-
gions in the Lut Desert (Iran) based on field 
measurements and thermal bands. Due to the 
hard climatic conditions of yardang region 
in the Lut Desert, Iran, much information 

about land surface temperature of this region 
as one of the most severe climatic condition 
of the world was not extracted.  

The main purposes in this study are: 1) to 
extract and estimate surface temperature of 
the Lut desert and 2) to evaluate the effi-
ciency of TM thermal data in the study of 
surface conditions in desert regions. There-
fore, the yardang areas in the Lut Desert, the 
most severe and hottest temperature zone in 
Iran, were selected.  

STUDY AREA 

The Lut Desert is one of the largest playas 
in Iran and includes a great diversity of hy-
dro-aeolian processes with a very interesting 
pattern of yardang landforms. Yardangs oc-
cupy most part of the western of the central 
Lut. Terminologically, ‘yardang’ is used in 
geomorphology for wind-abraded ridges of 
cohesive materials (Heiden, 1903; 
McCauley et al., 1970; Cook et al., 1993). 
The total area of the Lut Desert is about 
80,000 square kilometers; it is divided into 
three parts: northern, central, and southern. 
The study area is located in the central Lut 

 
Figure 1. Position of the study area. 

Central Lut
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Desert between 29° 18' 23.14"N, 58° 09' 58 
22"E, and 31° 17' 26 82"N, 59° 45' 51.60" E 
(Figure 1), and it covers about 25, 439 
square Km. The Lut Desert, particularly the 
yardang regions, is characterized by an ex-
tremely arid climate with excessive summer 
heat and an annual rainfall less than 50 mm. 
The Lut Desert has elevations varying from 
4000 m MSL in the Kerman Mountains and 
56 m MSL in the yardang regions. The high-
est part of the yardang regions is 399 m 
MSL (Bobek, 1969; Mashhadi et al., 2003).  

Most yardangs occur in unidirectional 
forms. This optimal form of yardangs mini-
mizes the effect of wind on separation 
(Kinsley, 1970; Ward et al., 1984; Cooke et 
al., 1993). 

 In general, the study area is characterized 
by a wide range of land surface characteris-
tics and erosion forms that influence the 
spectral response. Alavi Panah (2002) has 
shown that some parts of the yardangs con-
tain a great amount of gypsum and salts. 

The study area includes two main regions 
of yardang and sand dune which are extraor-
dinary and striking features. The southeast-
ern and eastern yardang regions consist of 
large desert pavements and desert pave-

ments, sand dunes, and salt affected wet-
lands. Sand regions in the east of the Lut 
Desert form the largest body of sand in Iran 
with probably the greatest diversity to be 
found which is covered with longitudinal 
crescent dunes. 

MATERIALS AND METHODS 

In this research, the methodology com-
prised: 1) field measurements, 2) the rela-
tionship between the temperatures in differ-
ent soil surface and land cover types, 3) di-
urnal temperature variations in land cover 
types, 4) primary image processing and 
fieldwork, 5) image processing, 6) calibra-
tion, and 7) the overlay and cross operation 
of maps and assessment (Figure 3). In this 
study, the air conditions and surface tem-
perature of the important features such as 
marl, grey sand, bright sand ,surface soil and 
subsoil (at a depth of 10 centimeters) and 
salt affected land was measured by ther-
mometer eight times a day from 6 a.m. to 8 
p.m. during a 15-day period. The correlation 
coefficient between the air temperature, and 
the other measurements was calculated (Ta-

 
Figure 2. Some important land cover types of the yardang region in the Lut Desert. 
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ble 1), then the relationships between them 
was investigated by least square fitting 
(LSF) function and the linear and polyno-
mial models were fitted between them (Fig-
ure 4). In addition to field measurements, 
Landsat satellite TM thermal dated from 25 
June 1989 and other sources of data and 
maps were used. In order to calculate land 
surface temperature and further image proc-
essing, a window in the southeast of the yar-
dangs (with 1,960 columns and 2,028 pixels) 
was selected (Figure 1). In this study, we 
hypothesized that Landsat TM data with a 
spatial resolution of 30 m for reflective 
bands and 120 m for the thermal band are 
useful to study land cover types and surface 
conditions. Therefore, TM 6 data as a repre-
sentative of surface temperature is used to 
display the variation of thermal data. In ad-
dition to Landsat TM data, other information 
sources, such as topographic maps (1: 
50,000), geologic maps (1: 250,000), and 
aerial photos (1: 20,000) were used. Upon 
the window in the southeast of the yardangs 
(1,960 columns and 2,028 pixels) was used 
to classify by image processing In addition, 

land cover types were defined by field ob-
servations, the training sets were identified, 
and spectral patterns of different types of 
land covers were generated. Based on the 
results obtained from OIF, TM bands 1, 4, 5, 
7 as the most informative TM reflective 
bands were used to classify land cover types 
using the pixel maximum likelihood classifi-
cation algorithm (Figure 3). For the sample 
set and training area, 10 different informa-
tion classes were distinguished in which one 
class is related to yardangs (Table 1). Prior 
to applying thermal detection analysis, im-
age processing operations were performed 
on the remotely sensed data in order to iden-
tify environmental conditions and content 
features. The fieldwork as one of the most 
important steps was carried out in autumn 
2000 to confirm the nature of the findings in 
which the land cover types were defined cor-
rectly, and the training sets were identified 
well. The class separability analysis was car-
ried out by computing the statistics (mean 
and standard deviations) in which according 
to the obtained results of OIF, the most in-
formative TM bands were selected and then 

Table 1. The descriptive information of classes in the study area, Lut Desert. 

Type Code Area (Km2) Description 

Yardangs Y 104.39 
Ridged remnant rounded hills with silty-loam tex-
ture  and hardly cemented 

E1 417.62 Huge pyramid dunes in southeastern part of Lut 
Huge pyramids dunes 

(Erg) E2 361.34 Local drainage within huge pyramid dunes with low 
reflectance and high moisture 

Sand dune SD 556.17 
Sand dunes in the eastern part of near yardangs with 
branches and silk 

Sand sheet SSH 320.30 
Sand sheet in the western of huge pyramid dunes 

Desert pavement (Rig) DP 923.33 
Desert pavement with rig levels in the Lut Plain, 
between yardangs and huge pyramid dune 

SL 1 541.26 
Salty-covered land with high reflectance 

Salty lands 
SL 2 50.65 Salty land with lower salt content than above with 

wind and water erosion  

W1 1.64 Low wetland and the end of drainage with high-
level underground water Low wetland 

W2 124.30 The moisture content is relatively lower than the 
above 
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all data sets were classified using the pixel 
maximum likelihood classification algorithm 
and finally the land cover map was pro-
duced. The most important procedures in the 
preprocessing are radiometric calibration, 
followed by then the calculating of thermal 
conversion. Hence, just the thermal band of 
the TM sensors was included in the process-
ing and further analyzing. This band was 
individually subject to calibration and calcu-
lation. This process included the conversions 
of digital number (DN) values to at-satellite 
radiance values (Markham and Becker, 
1986). 

LminDN
255

 L
Lmin -Lmax 

+
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

×⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

⎟
⎠
⎞⎜

⎝
⎛

λ  (1 

Where: 
λL = Spectral radiance in W.m-2. ster-1. mm-1 

L max= Maximum spectral radiance in W. 
m-2 ster-1. mm-1 (at DN=255) 
L min= Minimum spectral radiance in W.  
m-2. ster-1. mm-1 (at DN=255) 

The brightness surface temperature of the 
land surface (TB) is the kinetic temperature 
of the soil plus the canopy surface (or, in the 
absence of vegetation, the temperature of the 
soil surface). A blackbody having a kinetic 
or surface temperature (temperature meas-

 
Figure 3. Flowchart of the methodology in the study. 
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ured by a thermometer inside the body) 
emits a wavelength energy that responds to 
Planck’s law (Chemin, 2002). 

In the thermal range, the relation between 
black and grey bodies is simplified by a 
property called emissivity (a blackbody has 
an emissivity equal to one and it is inde-
pendent of the wavelength). In the case of 
natural bodies, the thermal emission depends 
on the emissivity, which is also variable for 
different wavelengths. A remote sensor 
works within a spectral range, coinciding 
with an atmospheric window. It only reads a 
portion of the body radiation. If the emissiv-
ity is known, the real surface temperature 
can be obtained by inverting the Planck 
equation for real bodies (Chemin, 2002). 

The calculation of brightness surface tem-
perature using this sensor is particularly de-
signed, because of some thermal band sensor 
drift. The black body radiation emitted at a 
spectral width of band 6, λL , at the top of 
atmosphere image can be processed follow-
ing the inverse Planck function based on the 
outgoing spectral radiance of the band 6 at 
the earth brightness surface (Markham et 
al.,1986): 

⎟
⎠
⎞

⎜
⎝
⎛ +

=
1ln 1

2

λL
K
KTB

 (2 

Where λL  is the blackbody spectral radi-
ance in W.m-2 .ster-1. mm-1, TB is brightness 
temperature integrated over the TM band 6 
in degrees Kelvin, and K1 and K2 are two 
free parameters (constant) with the values of 
K1= 607.76 W.m-2.ster-1.µm-1 and K2 = 
1260.56 Kelvin. In spite of the deficiency of 
in situ or ground measured information of 
the weather conditions at the time of satellite 
data acquisition, therefore, atmospheric cor-
rection is deemed unnecessary for the image 
in deserts, since there are clear skies, low 
humidity levels and the temperature values 
area derived from the image are almost 
equal to in situ temperature values (Lillian et 
al., 2005). In addition, Weng (2004) stat that 
the horizontal variation could have been 
minimized by using an image acquired in a 
highly clear day and covering a small area. 

Errors due to urban effective anisotropy de-
pend upon surface structure and relative sen-
sor position, and can yield a temperature 
difference of up to 6 K or higher in down-
town areas, despite, the calibration of Land-
sat TM6 radiometrically corrected by using 
minimum and maximum spectral radiance 
(instead of  gain and offset), in addition. Af-
ter that, supervised classification methods 
were applied to classify the TM multispec-
tral image to land-cover map and to derive 
associated surface emissivity and, then, a 
cross operation was performed to overlay 
two maps (classified map and thermal map). 
Pixels on the same positions in both maps 
are compared; the result has been aggregated 
in Table 5.  

The fieldwork, as one of the most impor-
tant steps, was carried out in October, 2000. 
Visual image interpretation was used to 
identify the land cover types of the area. The 
standard TM color composite to the scale of 
1: 100,000 and aerial photos to the scales of 
1: 50,000 were the main images and maps 
used in the field. Some other maps, such as 
topographic and geologic maps were used 
during the fieldwork for delineating the 
boundaries of the morphologic units and 
land cover types. As a result, the classes of 
yardang (Y), desert pavement (DP), sand 
dune (SD), great sand dunes (Erg 1 and Erg 
2), salty land (SL 1 and SL 2), and wetland 
(W1 and W2) were trained (Table 1). 

Purposive samplings are carried out where 
typical sites are chosen for a special goal. 
Proponents of purposive sampling argue that 
the resultant samples are very representative 
since they are based on the skills and the 
local knowledge of the field worker. Based 
on the results obtained from the fieldwork 
and the information obtained from the maps 
(1: 50,000), aerial photos (1: 20,000), geo-
logic maps and our personal experience in 
Iran deserts, gained over 20 years the train-
ing areas were chosen to classify the TM 
images. After land cover classification by 
selecting training areas on false color com-
posite images in association with a 1:50000 
topography map, the study area was classi-
fied in a total of 10 information classes (Ta-
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bles 5 and 6) such as yardangs, desert pave-
ments, salty lands (two classes), sand sheets, 
sand dunes, great Ghourds (two classes) and 
wetlands (two classes). Table 1 shows the 
descriptive properties of the information 
classes of the Lut Desert. 

We also collected ground information and 
surface temperature by field sampling from 
28 August to 18 September in 2000 (Table 
2). Ground information was collected over 
four physical features of different land cover 
types. The two-hourly surface temperatures 
(TG) observed on the ground field sampling 
at the time of the Landsat-5 overpass and 
every two hours by thermometer. 

    RESULTS 

       Surface temperatures  

The location of sites where field sampling 
was done and considered sufficiently ho-

mogenous, the results after statistical opera-
tions such as calculating the average of 
numbers, calculating the least squares fit 
through inter points by using the equation 
for every variable  (Figure 4 and Table 3), 
and the least squares fit operation calcula-
tion for all discrete values (in ILWIS) in two 
input columns (dry air and other features) to 
find the relation of the temperature of every 
feature with dry air temperature, resulted in 
an output (predict) value that was calculated 
on best  function to study and determine the 
relationship of functions of variables. Thus, 
the least squares fit operation provided the 
best fitting relation between dry air and 
other features; the best fit between the dry 
air temperature and other temperature fea-
tures was calculated by using an exponential 
function (always 2 terms) defined by the line 
(Figure 4 and Table 3). 

Regarding the statistical model in Figure 4, 
this shows how the temperature of features 
(sand, soil, etc.) correspond with the air dry 

Table 2. The average of temperature in 15 days in Celsius (º C); H represents hours from 6 a.m. 
till 8 p.m. 

 H6 H8 H10 H12 H14 H16 H18 H20 

Soil Depth  (10 cm) 
Dry Air 
Gray Sand 
Marl 
Light Sand 
Shadow 
Surface Soil 
Wet Air 

32.3 
30.3 
30.1 
30.6 
30.5 
30.1 
31.0 
15.3 

35.6 
32.3 
33.5 
34.5 
33.6 
32.2 
35.8 
15.7 

43.5 
35.2 
40.5 
41.9 
39.6 
35.2 
44.1 
17.1 

52.0 
38.3 
47.9 
50.7 
47.8 
38.6 
50.7 
18.5 

50.7 
40.0 
50.1 
51.9 
50.3 
40.0 
50.5 
19.2 

48.1 
41.4 
50.8 
51.8 
52.3 
41.4 
48.5 
19.4 

44.1 
40.8 
47.4 
46.9 
48.2 
40.8 
43.9 
19.3 

41.5 
40.0 
44.6 
44.3 
45.8 
39.7 
41.6 
18.5 

 
 
Table 3. The result of estimation of power function (Y= the function of feature, X= Relation 
to dry air) and R-square; Y = a×exp (b × x), where X (variable = Dry air temperature) and Y 
(other feature temperature) are known variables and where a and b are unknown coefficients. 

Feature Y = aXb=a × pow(X, b) R2 
Grey sand 
Light sand 
Marl 
Soil surface 
The depth of soil(10 cm) 

Y = 0.1265×pow(X, 1.6097) 
Y = 0.1051×pow(X, 1.6633) 
Y = 0.1501×pow(X, 1.5685) 
Y = 0.4697×pow(X, 1.2484) 
Y = 0.5991×pow(X, 1.1826) 

0.9408 
0.9638 
0.8782 
0.7153 
0.6898 
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temperature, therefore, due to the low ther-
mal capacity of sand, the R2 value grows to 
be higher than 0.94, despite the fact that the 
R2 value of features such as marl, surface 
soil, and the 10-centimetre depth of soil de-
creased respectively. So it is related to the 
thermal capacity in marl and surface soil, 
however, in addition to the factor, at the 10-
centimetre depth of soil temperature, the 
thermal diffusion coefficient is involved and 
causes the minimum R2 and instability of the 
model. Another fault in the model for esti-
mating temperature is that it shows a higher 
temperature than the real temperature before 
maximum level (peak) and a lower tempera-
ture after it.  

Thermal Infrared Environmental Consid-
erations 

The typical diurnal temperature variations 
for soil and marl sand are shown in Figure 5. 
If all of these curves lay exactly on top of 
one another, then remote sensing in the 
thermal infrared portion would be of no 

value because all the phenomena would 
have the same apparent radiant temperature. 
There would be no contrast in the imagery 
between the different phenomena. Fortu-
nately, there are two times during the day 
(after sunrise and near sunset) when there is 
some radiant temperature. During this cross-
over time period it is generally not wise to 
acquire thermal remotely sensed data. 
Opportunely, some materials store heat more 
efficiently than others, i.e. they have a 
higher thermal capacity than soil and sand. 
For example water has a higher thermal ca-
pacity than soil; its diurnal temperature 
range fluctuates very little when compared 
with the dramatic temperature fluctuation of 
soil and sand during a 24-hour period. 

 If we were interested in performing tem-
perature mapping of terrain consisting just 
of soil sand and marl, we could predict what 
the image would look like if we acquired it 
at about 9.30 a.m.-2 p.m.. and at 4 p.m. The 
soil would appear brighter than sand in the 
morning thermal imagery due to their high 
apparent temperature. 

In the early evening, sand and marl are still 
warmer than soil. Because salt affected 

Figure 4. The comparison of real temperature and estimated temperature according to Least 
Square Fitting (LSF),Y-axis presents temperature in Celsius (º C)and X-axis also presents times  
in every two hours  during a day between 6 a.m. until 8 p.m.. 
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vegetation contains water, it is usually 
cooler (darker) than sand and marl on day-
time imagery and warmer (brighter) than 
sand on predawn imagery. It is apparent that 
the diurnal variation of soil temperature is 
considerable, even at the lower depths where 
it is not affected by air temperature (Bay-
bordi, 1987). As Figure 5 shows, the surface 
layer temperature varies more or less ac-
cording to the air temperature and, in places 
where surfaces exhibit a solar control and a 
clear sky, the temperature of the surface 
layer increases as long as air temperature 
rises from morning reaching a maximum at 
about 2 to 6 p.m. 

If we were interested in temperature map-
ping of terrain consisting of just soil, rock, 
and water, we could predict what the image 

would look like if we acquired thermal infra-
red imagery at about 2 p.m. and 4 a.m.. The 
soil and water appear brighter than water in 
daytime thermal imagery due to their higher 
apparent temperature. Rock and soil con-
tinue to radiate (emit) energy into the at-
mosphere during the night. During the early 
evening, rock and soil are still warmer than 
much of the surrounding terrain. Based on 
the results obtained from the ATLAS mis-
sion that was flown over a large sandbar in 
the Mississippi River at 5 a.m. and 10.30 
a.m., the data have a spatial resolution of 
2.5×2.5 m. Daytime thermal bands 10, 11, 
12 reveal a dramatic difference in the tem-
perature properties of sand and gravel on the 
sandbar. The different materials absorb the 
incidental energy from the sun differently, 

Figure 5. Diurnal temperature of studied variables and polynomial graph of average of temperature; 
Y-axis presents temperature in Celsius (ºC) and X-axis also presents times in every two hours during 
a day between 6 a.m. until 8 p.m.. 
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resulting in substantial differences in ap-
pearance from the sand and gravel surfaces 
in the three thermal infrared bands. Accord-
ing to Table 3, we can estimate the tempera-
ture of each feature base on proposed func-
tions; Table 4 presents the results of esti-
mated temperature in this way. Also, Figure 
4 displays how the estimated results fit to 
real temperature. 

Variation of Thermal Values 

The TM band 6 data of the yardang region 
shows that the data lie in a narrow range of 
69 to 176 out of a total range of zero to 255. 
Figure 6 shows the stretched TM thermal 
image of yardang with seven transects on it. 

DN values along the transacts (lines 1 to 6) 
suggest that a zone of relatively higher 
thermal values could be delineated in the 
eastern part of the yardang when compared 
with the values present in the western and 
middle part. This difference in thermal val-
ues (as a surrogate of surface temperature) 
suggests that this kind of lineament has 
acted as a thermally different zone divider. 

These observed thermally different zones 
might be related to the material types and 
surface moisture contents. Line 7 in Figure 
6, shows the trend of thermal DN values 
from the northeast to southwest. Figure 6, 
shows transects 1 to 6 with various peaks 
and valleys which may correspond to the 
ridges and furrows with different surface 

 
Figure 6. Thermal DN value information along six specified transects from West to East 
(lines 1 to 6). line 7 shows the thermal DN values from Northwest to Southeast. 
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materials, topographic conditions, shadows 
and sunlight illumination.  

The peak with the highest TM digital 
numbers is mainly associated with sun-
exposed ridges, sand sheets or sand dunes. 
The valleys correspond to shadows and 
other phenomena with a low temperature. 
The fourth transect shows that a deep valley 
exists near the endpoint of line 4 which 
represents the wet zone.  

A color printout image of the Landsat TM 
in 1990 was used during the fieldwork (Fig-
ure1). Descriptive information, which in-
cludes identification and spreading of bare 

soil and sand dunes, was noted for each site. 
These records were compared to the soil 
type and land cover and then used as refer-
ence and validation information for satellite 
image processing. Figure 8 presents the re-
sults of thermal detection superimposed on 
the surface temperature values of Band 6 in 
1989 as grey-levels. Brighter tones in the 
background indicate higher surface tempera-
ture values while darker tones indicate lower 
ones. Temperature is highlighted in colors 
ranging from blue to red. A high tempera-
ture is colored red and a low temperature 
changes to blue. 

Table 4. Result of estimation according to power function (Least Square Fitting). 

Hours 
(H) 

Grey Sand Light Sand Marl Soil surface The Depth of Soil 
(10 cm) 

6 
8 

10 
12 
14 
16 
18 
20 

30.7 
34 
39 
44.7 
48 
50.7 
49.5 
48 

30.6 
34 
39.3 
45.2 
48.6 
51.4 
50.2 
48.6 

31.6 
34.9 
40 
45.7 
48.9 
51.6 
50.4 
48.9 

32.2 
36 
40 
44.5 
47 
49 
48.2 
47 

33.8 
36.5 
40.4 
44.7 
47 
49 
48.1 
47 

     

 
Figure 7. The result of overlaying two maps (classified map and thermal map) and the varia-

tion of temperature among the classes in the study in Celsius (ºC). 
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Figure 9 also presents three cross-sections 
that show temperature values along the dis-
tance. The graph shows that the first point of 
line 2 lies in a yardang while the end of the 
cross-section is in a relatively flat salty area 
25 Km away. The temperature drops, re-
spectively, in regions such as wetlands, salty 
lands, desert pavement, and yardangs but it 
increases in sandy regions. 

The graph in Figure 10 also displays the 
results such as maximums, minimums, and 
averages of temperature in information 
classes, according to the results the average 
temperature of E1 is the highest class and 
W1 is the lowest class. The maximum and 
minimum sand dune temperature (SD) is the 
highest class and W1 is the lowest class 
which is statistically provided in Table 5. 
The result shows the role of thermal capacity 
of features. 

CONCLUSION 

 This study has demonstrated the utility of 
TM data for mapping the Lut Desert features 

including yardangs, sand dunes and some 
other land cover types with relatively high 
spatial resolution satellite data. We con-
cluded that Lut Desert land cover types, 
such as yardangs, and sand dunes and salty 
lands, carry unique and important informa-
tion about the desert’s characteristics. This 
study also showed that, in some cases, only 
a slight spectral difference could be used 
effectively in the discrimination of desert 
land cover types on the basis of their spec-
tral signatures. Based on results obtained 
from field observations, we may generally 
conclude that non-aeolian processes such as 
cracking, piping, riling and salt weathering 
are very important in developing and form-
ing yardangs. To achieve high classification 
accuracy, extensive fieldwork and aerial 
photos are very effective. The result of vis-
ual interpretation of various band combina-
tions may improve our knowledge of the 
spectral reflectance of wetlands, sand dunes 
and yardangs and, therefore, it may provide 
an opportunity for delineating land cover 
units.  

 
Figure 8. Surface temperature distribution in the Lut Desert derived from the TM band 6 im-

age data the variation of temperature is in Celsius (º C). 
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Based on the results obtained from calibra-

tion we may conclude that hyper-arid cli-
matic conditions are ideal conditions for 
mapping detailed land cover types and un-
derstanding the behavior of TM thermal and 
TM reflective bands. The results obtained 
from fieldwork have revealed that wind and 
water do not work in isolation; quite on the 
contrary, they work in close partnership. 

 

 
These further researches appear to be nec-

essary for improving our knowledge about 
mapping surface temperatures based on sat-
ellite thermal data. We may also conclude 
that Landsat data can be applied for mapping 
yardang land cover types. The digital images 
are available with a worldwide coverage for 
different seasons and over a period of many 
years.  

 

Table 5. The result of overlaying two maps (classified map and thermal map), the dimension is 
temperature in Celsius (º C). 

Type Code Average 
(º C) 

Minimum 
(º C) 

Maximum 
(º C) 

Range 
(º C) 

Desert pavement DP 41.47 36.20 46.60 10.40 
E2 41.67 36.40 46.80 10.40 Great sand dune Erg 
E1 41.67 36.40 46.80 10.40 

SL2 41.30 37.20 45.50 8.30 Salty lands 

SL1 41.00 36.20 45.70 9.50 

Sand sheet SSH 42.44 38.00 46.80 8.80 
W1 40.91 35.60 46.80 11.20 Low-level wet lands 

W2 
 

41.48 36.20 46.80 10.60 

Yardangs Y 40.93 36.80 45.30 8.50 

 

Figure 9. Highlighted surface temperature distribution in the Lut Desert derived from the 
TM band 6 image data and cross-section. 
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 Global availability of aerial photographs is 
limited, therefore such availability of satel-
lite data allows the images to be selected at 
optimal times for land cover change detec-
tion. We expect that the method of extrac-
tion of surface temperature based on re-
motely sensing data will be used in desert 
areas. 
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هاي حرارتي  هاي ميداني و داده هاي بيابان لوت بر اساس انگيري دماي سطح ياردانگ
  ماهواره

 مقيمي و  . كمكي، ا. ب. ثواقبي، چ. ر. غسراجيان، . علوي پناه ، م. ك. س
  كريم پور ريحان. م

  چكيده

 پيرامون دماي سطحي ، اطلاعات زيادي)ايران(هاي بيابان لوت  حاكم بر ياردانگت به دليل شرايط سخ
بنابراين در اين مطالعه، . ترين شرايط اقليمي جهان، به دست نيامده است اين منطقه به عنوان يكي از سخت
هاي  مارن، ماسه خاكستري ماسه روشن و زمين(هاي سطحي بيابان لوت  براي اينكه اطلاعاتي پيرامون پديده
هاي سنجش از دور  ه مورد مطالعه و پردازش دادهگيري دما در منطق شور به دست آيد از روش اندازه

 روز در اكتبر سال 15 بعد از ظهر به مدت 8 صبح تا 6 نوبت از 8دماي سطوح مورد مطالعه در . استفاده شد
 25 ماهواره لندست به تاريخ TMگيري ميداني از داده هاي حرارتي  علاوه بر اندازه. گيري شد  اندازه2000
سپس تجزيه و تحليل سنجش از دور حرارتي براي تهيه نقشه دماي سطحي در . ده شد نيز استفا1989ژوئن 

) 1: در اين تحقيق، روش هاي زير به كار گرفته شد. به عمل آمد) ايران(بيابان لوت بخش جنوب شرقي 
تغييرات روزانه دماي ) 3رابطه بين دماي سطوح خاكهاي مختلف و پوشش زمين ) 2گيري ميداني  اندازه
) 7بندي تصوير و ارزيابي صحت  طبقه) 6پردازش اوليه تصاوير و كاليبراسيون ) 4ي پوشش زمين  سطح

دار بين دماي سطحي  سپس اختلاف معني. ها تهيه نقشه دماي سطحي بر اساس تبديل تابش سطحي پديده
طه نظر زمان هاي حرارتي از نق  ، مورد بحث قرار گرفت نتايج حاصله اهميت سنجنده9 صبح تا 6مختلف از 

ها، دماي  هاي حرارتي و اندازه گيري بر اساس  نتايج حاصل از داده. عبور و يا تصوير برداري نشان داد
فرشهاي بياباني،  ياردانگ  و ماسه زار  هاي شور، سنگ هاي مرطوب، زمين ها به ترتيب از زمين پديده

  .افزايش مي يابد
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