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 Inversion of Surface Temperature Based on MODIS and ASTER 
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Abstract. In this paper, on the basis of summarizing the main algorithms of retrieval of land surface 
temperature, the principle of temperature retrieval algorithm based on multi-channel data is described and 
factors affecting the accuracy of retrieval are analyzed. In addition, mixed pixel emissivity is discussed and 
the relevant estimation method using the results of classification of visible-band images is put forward. 
Experimental retrieval of land surface temperature is conducted by making use of MODIS and ASTER 
imagery in local Wuhan areas, with the empirical results analyzed. 
Keywords: retrieval; land surface temperature (LST); mixed pixels 

1. Introduction 
According to number of wave bands involved，current algorithms of retrieval of land surface temperature 
based on thermal infrared remote sensing images may be divided into three main kinds: single-band, split-
window and multi-band algorithms [1,2,3,4]. In terms of factors considered for temperature retrieval, the 
retrieval algorithms may be divided into four main kinds: simple model, land surface emissivity model, two-
factor model and complex model [4,5]. For simple model, influences of atmosphere and land surface are 
estimated as constants and the calculation is very simple. However, as such influences are always dynamic, 
although they may be corrected partially by estimating them as constants; the retrieval results are often 
unsatisfactory. For land surface emissivity model, atmospheric influence is estimated as a constant and only 
the change of LST retrieval along with the land surface emissivity is considered, therefore, the accuracy of 
retrieval is remarkably improved, but still is not very satisfactory due to the dynamic atmospheric influence. 
As to two-factor model and complex model, the influences are designed as variables in order to achieve a 
high accuracy of retrieval, but the calculation is also relatively complex. The difference between these two 
models is that the former only needs two basic parameters, i.e. atmospheric transmissivity and land surface 
emissivity, while the latter still needs another one or two atmospheric parameters to fulfill the retrieval [4,5]. 
 

2. Retrieval of Land Surface Temperature 
We know that the energy received by thermal infrared radiation sensor mainly includes three parts: thermal 
radiation of land surface attenuated by atmosphere and received by the sensor; energy of downward 
atmospheric radiation reflected by land surface and attenuated by atmosphere, which is finally received by 
the sensor; and upward atmospheric radiation [5], that is,  

↑↓ +−+= iiisiiii IITBTB ])1()()[()( εεθτ                                          (1) 
Where,τ is atmospheric transmissivity, ε  is land surface emissivity, sT  is land surface temperature, iT is at-
satellite brightness temperature, iI ↓ is downward atmospheric radiation, iI ↑ is upward atmospheric radiation, 

( )i iB T  is the thermal infrared radiation brightness of i band received by the sensor, and ( )iB T  is blackbody 
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radiation intensity which may be obtained by Planck function. At present, split-window algorithm based on 
multi-channel data is most often used to retrieve land surface temperature. In this method, according to land 
surface thermal radiation transfer equation, atmospheric influence is eliminated by combining brightness 
temperatures of two channels in various ways and atmospheric and land surface emissivities are corrected to 
obtain land surface temperature.  

As to MODIS data, generally, wave bands 31 and 32 are used to estimate land surface temperature; As 
to ASTER data, wave bands 13 and 14 are often selected because they receive the minimum influence from 
atmosphere and are optimal for setting up radiation transfer equation to perform temperature retrieval.   

The expression of split-window algorithm based on MODIS data is as follows [4,6,7]: 
3223110 TATAATs ++=                                                               (2) 

Where sT  is land surface temperature, T31 and T32 are brightness temperatures of MODIS 31/32 wave bands 
(unit: K ), which may be obtained by Planck radiation equation. 0A , 1A  and 2A  are parameters regarding 
atmospheric transmissivity iτ  and land surface emissivity iε . 

The expression of split-window algorithm based on ASTER data is as follows [5]:            
14 13 13 13 14 14 14 13 13 14[ ( ) ( )] / ( )sT C D B C D B C A C A= + − + −                        (3) 

Where sT is land surface temperature, 13A ， 14A to 13D , 14D  are parameters regarding ASTER 
bands13/14 brightness temperatures 13T , 14T , atmospheric transmissivity iτ  and land surface emissivity iε . 

 Two key parameters are involved in the above retrieval algorithms: atmospheric transmissivity and 
land surface emissivity. The main method for estimating the former one is to establish an equation that 
expresses the linear relation between atmospheric transmissivity and moisture content in atmosphere. This 
method is widely accepted and regarded as a good solution. In this paper, the expression of calculating 
moisture content in atmosphere is deduced by using MODIS 2 and 19 wave bands, and then, atmospheric 
transmissivity can be further calculated[4、6]. 

3. Calculation of Land Surface Emissivity 

3.1. Existing Calculation Methods 
The problem concerning influence of land surface emissivity on retrieving temperature has not been 

solved yet, and the following are major existing methods:  
1. First, remote sensing images are classified and land surface is divided into different types, and then 

each type is given a specific value according to ground emissivity observed or reported in literatures, and 
land surface emissivity images are generated.  

2. Land surface emissivity may be estimated by NDVI 
According to the empirical formula of Vande Griend [6], when the NDVI value of natural land surface is 

between 0.157 ～ 0.727, the emissivity may be acquired approximately by NDVI index: 
1.0094 0.047 ln( )NDVIε = + . Sobrino et al [7] assume that land surface is constituted by bare soil and 

vegetation, and to each pixel,  
 (1) when NDVI<0.2, the pixel is completely covered by bare soil, and the land surface emissivity is the 

reflectivity of soil in red light band; 
 (2) when NDVI>0.5, the pixel is completely covered by vegetation, and the land surface emissivity is 

0.99, the typical emissivity of vegetation; 
 (3) when 0.2≤ NDVI ≤0.5, the pixel is a mixed one constituted by bare soil and vegetation, and the land 

surface emissivity is calculated as follows: 
(1 )v v s vP P dε ε ε ε= + − +                                                        （4） 

Where vε  is vegetation emissivity, sε  is bare soil emissivity, and vP  is vegetational coverage degree, 
i.e. constituent ratio. The calculation formula is: 

[ ]min max min( ) / ( )vP NDVI NDVI NDVI NDVI= − −                                        （5） 
Where max 0.5NDVI = , min 0.2NDVI = . If land surface is very even, dε  in Formula (4) may be omitted, 

and 0.99vε = , 0.97sε = . 
While using NDVI to obtain land surface emissivity, Qin Zhihao [4] et al consider two other cover types, 

i.e. water surface and towns, besides natural surface. In practical application, water pixel is abstracted by 
supervised classification and is given a value of 0.995, the typical emissivity of water; the rest are pixels of 
towns (incl. cities and villages, mainly composed of roads and various structures and houses) and natural 
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surface (incl. various natural land surface, forest land and farmland, etc.). Pixels of natural surface may be 
regarded as mixed pixels comprised of leaf canopies of vegetation and bare soil in different proportions, and 
pixels of towns may be regarded as mixed pixels made up of structures and artificial vegetation. The 
estimation formulas of land surface emissivity of these pixels are as follows:  

Pixels of natural surface:  
    (1 )v v v v s sP R P R dε ε ε ε= + − +                                                            (6) 

Pixels of towns:  
(1 )v v v v m mP R P R dε ε ε ε= + − +                                                           (7) 

In the above formulas, vP  is the proportion of vegetation in mixed pixels; vR , sR  and mR  are 
temperature ratios of vegetation, bare soil and structure surfaces, respectively; and vε , sε  and mε  are 
emissivities of vegetation, bare soil and structure surfaces, respectively. 

3.2. Improvement of Estimation of Land Surface Emissivity 
In the above mentioned estimation, NDVI value is mainly used and the influence of mixed pixels on 
emissivity cannot be solved properly. Since the resolution of thermal infrared images is generally low and 
that of visible light images is very high, one pixel in thermal infrared image may correspond to dozens of or 
even hundreds of pixels of visible light image, therefore, pixels in thermal infrared image may be regarded as 
mixed pixels made up of several pixels of visible light, and the emissivity of thermal infrared image is a 
result integrating emissivities of these mixed pixels [1]. The following is concrete calculation formula:  

n

i=1
i ipε ε=∑ , where 

1
1

n

i
i

p
=

=∑                                                         (8) 

ε  represents the emissivity of mixed land cover, iε  is the emissivity of each land cover type, ip  is the 
proportion of land corresponding to each type, obtained from the classified visible-light images with high 
resolution.  

4. Experimental Method and Result Analysis 
In this paper, based on MODIS and ASTER data of Wuhan, different methods are used to conduct retrieval 
of land surface temperature. The concrete methods and analysis of experimental results are as follows: 

4.1. Split-Window Algorithm Based on MODIS Image 

 
  (a)                                                  (b)                                                        (c) 

Fig.1 MODIS Data and Result of Retrieval: (a) Fused False Color Image of MODIS 31, 32, 19 Bands; (b) Classified 
TM Image; (c) Retrieved Temperature Image 

MODIS data at wave bands 31 and 32 are used to carry out temperature retrieval by split-window algorithm. 
As for necessary parameters related to land surface emissivity, the mixed pixel emissivity is estimated by 
using synchronous TM classified images.  

The above MODIS data were obtained on Jun. 14, 2002 and classified images were synchronous TM 
images. With a pixel scale of 1km, pixels are roughly made up of water, vegetation and bare soil, and TM 
images are only classified into three kinds: water, vegetation and other types.  

Process of solving land surface emissivity of MODIS images: 
With a pixel scale of 1km, pixels are roughly made up of water, vegetation and bare soil. The land 

surface emissivity of MODIS mixed pixel may be expressed as 
(1 )i i v iv v isP P P Pω ω ωε ε ε ε= + + − −                                                      （9） 
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where Pω  and vP  are proportions of water and vegetation in the pixel, respectively; iωε , ivε  and isε  are 
emissivities of water, vegetation and bare soil at the wave band, respectively, which may be looked up in the 
common land cover emissivity spectral library provided by ASTER; Pω and vP  are obtained from the 
synchronous TM images. The concrete method is as follows: 

 

 
Fig.2 Process of Retrieving LST based on MODIS Data 

First, accurately match TM visible light wave band with MODIS images and conduct resampling until a 
resolution of 50m is got; then, classify the matched images: with a pixel scale of 1km, pixels may be roughly 
made up of water, vegetation and bare soil, therefore, TM images could be divided into three kinds, namely, 
water, vegetation and bare soil. Then, each pixel of MODIS corresponds to 400 pixels of TM images. 
Calculate the proportion of each type of land cover in each pixel of MODIS, and Pω  and vP  could be 
obtained. 

4.2. Analysis of experimental result:  
Select several typical land cover types and compare the result of this algorithm and that from NDVI method. 
The areas selected include water, vegetation, bare land, mixed area of water and bare land, and mixed area of 
vegetation and bare land. In pure pixel area, the land surface emissivity and temperature estimated by NDVI 
method is the same as those by classification method, therefore, the results are not listed in the table. See 
Table 1 for statistical data. {Water(W), Vegetation(V), Bare Land(B), Band 31(31), Band 32(32)} 

Table 1 Data of LST Retrieval Based on MODIS31, 32 Bands 

Estimated by 
NDVI（%） 

Estimated by 
NDVI 

Estimated by 
Classified Image
（%） 

Estimated by 
Classified 
Image Name of 

Sample Areas 

W V B Band 
31 

Band 
32 

Tempe
rature 
(K) 

W V B Band
31 

Band  
32 

Temper
ature 
(K) 

Mixed W and B 0 0 100 0.973 0.983 303.88 17.5 0 82.5 0.976 0.983 303.60

Mixed V and B 0 34.6 65.4 0.977 0.984 302.68 0 42.4 57.6 0.978 0.984 302.63

In mixed pixel area, the difference is relatively obvious. Since the composition of land surface cannot be 
well reflected by NDVI method, the errors in type proportions of mixed pixels are considerable, for example, 
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in the transition area between water and bare land, water could not be determined properly by NDVI value, 
while type proportions may be well estimated and composition of land cover may be accurately reflected by 
making use of classified visible-light images with high resolution.  

4.3. Spit-Widow Algorithm Based on ASTER Data 

 
（a）                                                 (b)                                                   (c) 

Fig.3 ASTER Data and Result of Retrieval: (a) Fused Image of ASTER12, 13, 14 Bands; (b) Classified ASTER Visible 
Light Image; (c) Retrieved Temperature Image 

ASTER data at wave bands 13 and 14 obtained on Sept. 15, 2004 are used to carry out temperature retrieval 
by split-window algorithm. ASTER contains 14 wave bands, and its visible light data are classified. See Fig. 
3 for fused image, classification results and retrieved temperature. 

 

 
Fig.4 Process of Retrieving LST based on ASTER Data 

As for the solution of land surface emissivity, since ASTER data have a resolution of 90m, three types 
including water, vegetation and bare soil are not adequate for pixel composition, and detailed division is 
needed. In this paper, there are five types: water, vegetation, structures, bare land and other types. And the 
value of iP  of each type may be obtained from synchronous ASTER visible light images. Concrete method: 
first, divide ASTER visible light wave band into five kinds, namely, water, vegetation, structure, bare land 
and other types. As ASTER visible light wave band has a resolution of 15m, each pixel of thermal infrared 
wave band corresponds to 36 pixels of visible light wave band. Calculate the proportion of each type of land 
cover in each pixel of thermal infrared wave band to obtain Pω  and vP . 

4.4. Analysis of experimental result:  
Select several typical land cover types and compare the result of this algorithm and that from NDVI method. 
The areas selected include water, vegetation, structures, bare land, mixed area of water and bare land, mixed 
area of bare land and vegetation, mixed area of structures and vegetation, and mixed area of bare land, 
structures and vegetation. In pure pixel area, the land surface emissivity and temperature estimated by NDVI 
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method is the same as those by classification method, therefore, the results are not listed in the table. See 
Table 2 (a) and 2 (b) for statistical data. {Water(W), Vegetation(V), Bare Land(B), Structures (S)}. 

Table 2(a) Data of LST Retrieval by using NDVI 

Type Proportions Estimated by NDVI（%） Emissivity Estimated by 
NDVI Names of  

Sample Areas 
W V S B Band 13 Band 14 

Retrieved 
Temperature 
(K) 

Mixed W and B 0 0 0 100 0.973 0.969 302.105 

Mixed Band V 0 13.52 0 86.48 0.975 0.971 304.056 

Mixed S and V 0 2.53 97.47 0 0.970 0.967 305.842 

Mixed B,S and V 0 0 70.42 29.58 0.971 0.968 303.112 

Table 2(b) Data of LST Retrieval by using Classified Image 

Type Proportions Estimated by Classified Image（%）
Emissivity Estimated 
by Classified Image Names of  

Sample Areas 
W V S B Band 13 Band 14 

 Retrieved 
Temperature 
(K) 

Mixed W and B 12.25 0 0 87.75 0.975 0.971 301.353 

Mixed B and V 0 21.27 0 78.73 0.976 0.972 303.180 

Mixed S and V 0 8.93 91.07 0 0.971 0.968 304.738 

Mixed B,S and V 0 6.29 66.18 27.53 0.972 0.968 303.097 

 
In mixed pixel area, the difference is relatively obvious. Since the composition of land surface cannot 

be well reflected by NDVI method, the errors in type proportions of mixed pixels are considerable, while 
type proportions may be well estimated and composition of land cover may be accurately reflected by 
making use of classified visible-light images with high resolution.  

Comprehensively considering the results of the above two experiments, we may find that for mixed 
areas, the proportion of each type may be properly handled by classification method, while by NDVI method, 
some land cover types are easy to be missed out and temperature estimated is comparatively higher. 

5. Conclusions 
In the aspect of factors affecting the accuracy of retrieval of land surface temperature, besides factors of 
satellite sensor itself and atmospheric influence, the different emissivities of land cover and the mixture of 
different objects of image pixel are also important factors.  

It is feasible to improve the algorithm of estimating land surface emissivity and conduct temperature 
retrieval on the basis of classified visible-light images with high resolution. From the experimental results, 
we may see that for mixed areas, the proportion of each type may be properly handled by classification 
method, and the case that some land cover types are easy to be missed out and temperature estimated is 
comparatively higher by using NDVI method may be avoid, ensuring a higher accuracy.   
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