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Abstract: Efficiency and information content of TM and ETM+ onboard Landsat 5 and 7 respectively, was 
compared in two arid and a semi-arid urban area. Damghan playa was selected as the first arid case with 
land use/cover change and Kashan plain as the second case with no land use/cover change. Tabriz was 
selected as the urban area. For accurate comparison all effective factors were taken into account. Firstly, the 
acquisition time of all images were investigated. All the data items were geo-referenced to a common 
coordinate system to maintain geometrical aspect of comparison. The effect of changes during the study
period was eliminated using statistical methods and consequently for estimation of the effect of land use 
change, pre-and post-processing results were compared. In Kashan regarding the fact that no change
observed, only correlation and statistical relationship between bands were explored. In Tabriz samples were 
taken from urban and non-urban surrounding areas. The two-state (high and low gain) thermal data was 
studied. The results showed that in the all cases the correlation values between thermal and reflective bands 
in ETM+ are lower than those in TM and concluded to be due to richness of information contained in 
ETM+ bands. The difference between TM and ETM+ sensors could be related to acquisition time, solar 
illumination and calibration coefficients. A further research is necessary to compare TM and ETM+ 
information content collected in the same time to eliminate the effect of other factors. 

Key words: TM • ETM+
• remote sensing • thermal band • information content

INTRODUCTION

On April 15, 1999 Landsat 7 was launched as the 
longest running program in terrestrial remote sensing. 
Starting from Landsat 1 (formerly ERTS-1) launched 
on July 23, 1972, Landsat missions have acquired more 
than 3 million images of the earth. The Landsat data 
record is important for land surface remote sensing and 
global change research and monitoring because it
contains significant changes occurred in the past 30 
years. These data have been used intensively to study 
and monitor environmental changes introduced by
human. Landsat satellites can be classified into three 
groups in terms of their sensor design. During the
mission the design of the new generation sensors were 
evolved in order to produce better quality while trying 
to contain the legacy of previous sensors to preserve
data continuity which is important in temporal studies. 
Table 1 summarizes characteristics of Landsat series.

The TM was programmed to acquire systematic 
global coverage and to replace MSS. Solomonson [10] 
suggested that TM is twice more efficient than MSS in 

terms of its information content. ETM+ was redesigned 
after Landsat 6 failed to operate to provide enhanced 
quality. Although there are significant differences in 
relative spectral response profile between
corresponding Landsat 7 ETM+ and Landsat 4/5
spectral bands [11] owing to the enhancements, but 
they have been found to be highly correlated [12]. 

The information content in remotely sensed images 
is a relative concept and depends on various factors 
such as spatial and radiometric resolution, spatial scale 
of the features to be imaged, radiometric contrast
between different target types and the type and amount 
of noise in the imagery [7]. Various statistical and 
texture-based measures have been used to quantify the
information contained in the images.

These issues have been addressed by several
studies. Price [9] conducted a statistical comparison of 
concurrently acquired data form MSS and TM in an 
agricultural area and found TM to be more efficient 
than MSS. Anuta et al. [2] were analyzed MSS and TM 
data by performing different geometric, radiometric and 
information   content   evaluations on reflective   and 



World Appl. Sci. J., 2 (6): 665-673, 2007

666

Table 1: Characteristics of sensor in the Landsat series (After Alavipanah, 2003)[1]

Satellite Landsat 1 Landsat 2 Landsat 3 Landsat 4 Landsat 5 Landsat 6 Landsat 7

Launch date July 23 1972 Jan. 22, 1975 March 5, 1978 July 16, 1982 March 1, 1984 Oct. 5, 1993 April 15, 1999
Retirement date Jan. 6, 1978 July 27, 1983 Sept. 7, 1983 Operating Operating Failed Operating
RBV bands 1, 2, 3 1, 2, 3 a, b, c, d - - - -
MSS bands 4, 5, 6, 7 4, 5, 6, 7 4, 5, 6, 7 - - - -
TM bands - - - 1-7 1-7 - -
ETM+bands - - - - - - 1-8

Table 2: Characteristics of imagery used in the study

Area TM acquisition ETM+acquisition Path Row

Damghan Sept., 5, 1988 July, 20, 2000 162 35
Kashan May, 30, 1998 Aug. 9, 2002 164 36
Tabriz Aug., 18,1998 Aug., 2, 2001 168 34

Fig. 1: Location of the study areas
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thermal bands. Malaret et al. [5] continued previous 
study and compared TM4 to TM5 and also addressed 
calibration of Landsat 5 thermal band. Malila [6]
compared MSS against TM and tried to measure and 
compare information content of the two sensors. Horler
and Ahren [4] studied information content of TM for 
forestry applications and suggested that the SWIR
bands provide improved ability to estimate stand
density. Chavez and Bowell [3] compared information 
content of Landsat TM to that of SPOT in an arid 
region. Finally, Narayanan et al. [7] using ETM+ data 

developed a new approach based on the use of
classification accuracy to quantify image information 
content.

In  this  study a  statistical  approach  was adopted 
in  order  to  assess and compare the information 
content   of   TM   and  ETM+ corresponding
reflective  and  thermal  bands.  The  results were used 
to   evaluate  the  effect  of  improvement  of  ETM+ 
and the efficiency of TM and ETM+ information
content for change detection in climatically different 
regions in Iran. 

Fig. 2: Flow diagram of adopted methodology
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MATERIAL AND METHODS

Study area:  In this study two arid regions namely 
Damghan playa with land cover changes and Kashan 
plain without land cover change and an urban area
namely Tabriz exhibiting rapid urban sprawl were
selected as the third study areas. Fig. 1 illustrates the 
location of these areas in Iran. 

Data set and method: In order to investigate
information content of the two sensors, TM-5 and 
ETM+ images of the three areas were used (Table 2). In 
this area because of the image differences due to land 
cover change further analysis was performed to detect 
the effect of the changes on the information content. 
For accurate comparison of TM and ETM+ equivalent 
bands, efforts have been made to minimize the effect of 
inter-scene changes such as seasonal variations, land 
use/cover change and sensor spectral response change.

Firstly geometric and radiometric properties of
images were investigated and corrections were made 
where required. Change detection methods were used to 
produce change map and mask out change areas from 
TM and ETM+ images. Statistics such as Mean,
Standard Deviation and correlation values of the
corresponding  bands  were  derived.  Finally,  principal 

component analysis was performed (Fig. 2). ETM+two-
state (high-low gain) thermal images were included in 
the analysis.

RESULTS

Damghan: Figure 3 and 4 shows correlation between 
TM and ETM+ bands in Damghan. Both sensors follow 
a similar trend.

For accurate comparison of TM and ETM+
information content, the effect of land cover change
was masked out using produced change image. Using 
field work and visual interpretation of aerial
photographs, 6 training classes were defined (Table 3). 

These training sites were used as an input to
Maximum Likelihood Classification (MLC) algorithm 
to produce land cover map. Various change detection 
methods including image overlay and image subtraction 
were used to detect changes. Change areas were
masked out from TM and ETM+ bands and the
correlation and information content of image prior to 
and after change removal were investigated. In the
original images, reflective bands showed high and
positive correlation while bands 5, 6 and 7 showed low 
and negative correlation (Fig. 3 and 4). The results 
showed that masking operation increases the correlation 
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Fig. 3: Correlation between TM bands in Damghan area
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Fig. 4: Correlation between ETM+ bands in Damghan area
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Table 3: Training sites characteristic
Code Class Description
A Vegetation Include of pistachio, farm vegetation and agricaltural lands These class is seen at north of area.
B Salt crust Covering the surface of kavir, hard surface ground water table is less than 10cm.
C Puffy salty lands Very saline and sodic, low slope, puffy and sparse vegetation. These lands has a progressively trend. 
D Brown silt-clay lands These area located in south of wet zone of Kavir. Their formation is very depended to water regimes of playa. Low 

slope, very sodic.
F Desert lands 

(unchanged) Including of mountains, sand dunes, sandy lands and pediments which have not any changes.

Table 4: TM and ETM+ bands statistics
Spectral bands
----------------------------------------------------------------------------------------------------------------------------------

Sensor Statistics Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
TM Mean 97.55 48.74 63.26 59.47 86.74 171.36 53.72

SD 13.62 9.92 15.66 15.31 27.87 9.13 18.01
ETM+ Mean 111.08 104.25 127.20 65.26 105.56 185.46 92.83

SD 12.16 16.43 24.96 14.06 27.62 7.47 24.56

Fig. 5:Correlation trend between ETM+ band 5 and 
reflective bands

Fig.6: Correlation trend between TM band 5 and
reflective bands

between bands. Figure 5 shows correlation trend
between ETM+band 5 and Fig. 6 shows correlation 
trend between TM band 5 and reflective bands. In both 
cases the elimination of changes resulted in a decrease 
in correlation but more evidently in ETM+. 

The same trend was observed by analyzing
correlation    between    TM    and   ETM+band   7   and

Fig.7: Correlation trends between ETM+ thermal and 
reflective bands

Fig.8: Correlation trends between TM thermal and
reflective bands

reflective bands. The effect of masking operation
shows the similar characteristics. 

The same analysis was performed on thermal
bands. Figure 7 and 8 show correlation trend between 
thermal band (band 6) and reflective bands. In ETM+ 
the effect of masking the changes is observable as a 
decrease  in  correlation  between thermal and reflective 
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Fig. 9: Correlations between TM Bands in Kashan
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Fig. 10: Correlations between ETM+ bands in Kashan

bands, but TM doesn’t exhibit such a trend
significantly. Generally speaking, the correlation
between thermal and reflective band in ETM+ is lower 
than that of TM which could be attributed to the
radiometric improvements and higher spatial resolution 
of ETM+. Therefore the complementary role of thermal 
band to reflective bands is apparent. 

Kashan: Various statistical indicators including Mean 
and Standard Deviation values of TM and ETM+
sensors were analyzed (Table 4). Mean of DN values in 
an image primarily shows the overall brightness of an 
image. In case the mean is close to zero, the image 
would be dark and in case the mean is close to 255, the 
image would be bright.

It is observable from Table 4 that the Mean DN 
values for thermal band is higher than the other bands. 
Also the Mean DN value of ETM+ is higher than TM 
which could be attributed to different acquisition time 
of  TM  and  ETM+  images. Landsat  5  passes  at 9:30 
local time while Landsat 7 acquires its images at 10 am. 
Also seasonal changes due to different solar
illumination could be responsible for TM and ETM+ 
differences.

Standard Deviation (SD) is an indicator of contrast 
in an image. An image with higher SD contains more 
information than the one with a lower SD. The reason 
for the different mean values is dissimilar calibration 
coefficients applied, but it is apparent that there isn’t a 
significant difference in SD between bands showing 
relatively the same information content of different 
spectral bands. 

More investigation was made by considering
correlation between different spectral bands within each 
sensor. Figure 9 and 10 shows inter-band correlation for 
TM and ETM+ in Kashan. The two charts show the 
same trends and emphasize the consistency of different 
sensor of Landsat series. 

For   evaluation    and  accurate  comparison  of
the  effect  of  improvement  on  the  information 
content  of  ETM+, Low  gain and High gain images 
were  compared  to  reflective  bands.  According  to 
Fig. 11 the correlation values between TM thermal 
band  and  reflective  bands  are  more  than  L and H 
state   images   produced  from  ETM+  thermal  band. 
In  addition,  L image  showed  less  correlation  than
H  image  which  is  related  to  overall illumination of 
the arid scene. 
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Table 5: PCA variance of different components in TM and ETM+
PC1 PC2 PC3 PC4 PC5 PC6 PC7

TM98 89.07 5.92 2.59 1.54 0.54 0.26 0.08
ETML 91.71 4.43 2.04 1.05 0.39 0.29 0.09

ETMH 89.18 5 97 2.93 1.17 0.38 0.28 0.09
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Fig11:  Correlation trends between thermal bands and reflective bands of TM and ETM+

Principal component analysis: PCA was performed
using all bands of TM and ET M+ and the percentage of 
variance in different sensors were compared. 

The majority of information was accumulated in 
the first 3 components (Table 5). Therefore eigen
values for first 3 components were analyzed. It’s
apparent that when L image was used to construct PCs 
more information was accumulated in components than 
the case H image was used. 

The investigation of the eigen value of the first 
component showed that band 5 contributes highest
information to first component in TM (eigen value = 
0.66) and to ETM+ with L image (eigen value = 0.547) 
and to ETM+ with H image (eigen value = 0.547). The 
equations below show the contribution of different 
bands in construction of first three PCs. 

PC1_TM1998 = 0.298 × TM1+ 0.227 × TM2 + 0.362 × TM3 +
   0.341 × TM4 + 0.66 × TM5 + 0.047 × TM6 +
   0.417 × TM7

PC1_ETML = 0.226 × ETM1 + 0.321 × ETM2 + 0.492 × ETM3 + 
   0.261 × ETM4 + 0.547 × ETM5 + 0.025 × ETM6 + 
   0.486 × ETM7

PC1_ETMH = 0.226 × ETM1 + 0.32 × ETM2 + 0.492 × ETM3 + 
   0.261 × ETM4 + 0.546 × ETM5 + 0.054 × ETM6 +
   0.486 × ETM7

In the second component, band 6 of TM with eigen 
value of 0.737 and in ETM+ with L image band 5 with 
a value of-0.5 and in ETM+ with H image band 6 with 
eigen value of -0.808 contained more information of the 
original bands. 

To the third component,  in TM band 4 (eigen 
value = -0.606), in ETM+ with L image band 6 (eigen 

value = 0.664) and in ETM+ with H band 6 (eigen 
value = 0.504) showed highest contribution. 

Tabriz: Land use/cover change in Tabriz is evident due 
to rapid urban expansion. The below method was
adopted to remove the effect of the changes. Firstly, 8 
training areas including agriculture, green space, road 
networks, industrial, residential, bare land and water
classes were defined and selected. TM image contained 
cloud-affected pixels, which were masked out using
threshold method. TM and ETM+ images were
classified using MLC algorithm feeding training sites. 
In order to improve classification accuracy in complex 
urban area, texture image (variance) was used in the
classification resulting in a remarkable increase in the 
accuracy of classes within the city. Changed pixels 
were defined using crosstab and change matrix was 
produced. Because of 16 days difference of acquisition 
time of the two images it was expected to have less 
seasonal variation in the images. 

For comparison and verification of the results of 
other study areas the correlation between thermal band 
and reflective bands were analyzed. Statis tics were 
derived form sample windows selected from unchanged 
areas from urban and non-urban areas. Figure 12 shows 
the relationship between thermal band and reflective 
bands. The correlation of thermal band and reflective 
bands in TM is higher than ETM+ and shows higher 
information content of ETM+ in complex urban texture. 
It seems that the spectral and geometric improvements 
of thermal band and better calibration to this sensor 
accounts for its performance. There isn’t also a
significant difference between H and L state images as 
observed  in  the  other areas. Cooler surfaces compared 
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Fig. 12: Correlation trends between thermal and reflective bands of TM and ETM+ within the city
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Fig. 13: Correlation trends between thermal and reflective bands of TM and ETM+ outside the city

to those in desert areas visible by sensor don’t saturate 
the sensor and results in the same information in the 
two images. The same results were observed in non-
urbanized area but showed a notable increasing trend 
unique to this area. The different trends observed could 
be attributed to fundamental differences in scene
composition and configuration between in complex
urban compared to other study areas. In all bands
thermal information acquired by ETM+ shows lower 
correlation with other bands and implies the efficiency 
of the improvements. 

DISCUSSION

The results put emphasis on the fact that thermal 
band is largely independent from reflective bands and 
doesn’t replicate their information; however ETM+
shows better independence. Because in thermal remote 
sensing the amount of energy emitted from surface 
features is being measured, this information can be a 
complement to other bands and help better delineation 

of surface classes like wet soil [8]. Therefore, it seems 
that the application of thermal remote sensing is
somehow limited in spite of its potential and there is a 
research gap. 

The different acquisition time of Landsat 5 and 7 
could result in a difference in Mean DN values of the 
TM and ETM+ bands, but both sensors show similar 
increasing trends. General correlation trend between
TM and ETM+ is also similar but again ETM+ shows a 
little bit lower absolute correlation values than TM.
This means that while the general trend shows Landsat
series consistency, lower correlation values of ETM+ is 
a sign of richer information contained in the ETM+ 
images due to improvements (Fig. 3, 4, 9, 10). The 
correlation between TM and ETM+ thermal band and 
reflective bands is generally descending-i.e. decreases 
with wavelength increase (Fig. 11 and 12). But it could 
be increase depending on the surface characteristics and 
overall scene composition (Fig. 13). This trend
conforms to atmospheric scattering effect (i.e. the lower 
the  wavelength  the  more  the scattering) resulting in a 
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decrease in correlation and vice versa. Comparing TM 
and ETM+ thermal versus reflective correlation
acquired in different conditions, show that ETM+ have 
more information content due to its lower inter-band
data duplication.

It could be concluded that improved design of
ETM+ including its better thermal band spatial
resolution and better spectral accuracy by accurate
calibration   and   providing   Low   gain   and   high 
gain images have been led to an increase in the
information content of ETM+ compared to its
antecedents. Also in ETM+ comparing information
content  of  high  and  low  gain  images;  it  seems that 
low  gain  data  is  more  efficient  than  high  gain
data, but again in Tabriz area significant difference is 
not observable. The examination of PCs confirms that 
low gain image contribute more to the information 
content of the PCs. 

It’s desirable to have equal spectral and spatial 
resolution in all data items in change detection
applications. According to the results in change
detection of some classes, spatial resolution of thermal 
band is not as much effective as physical and chemical 
characteristics. In general, ETM+ proved to provide
better information than TM if compared in similar 
conditions.

The need for accurate comparison of TM and
ETM+ images acquired simultaneously arises here to 
remove approximate steps used to eliminate the effect 
of seasonal variation in order to perform pure
comparison beyond the non-relevant variations. 
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