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Abstract—In this study, a semi-empirical model to retrieve 

aerosol optical depth (AOD) from SPOT satellite images is 

developed. It is based on linear regression between 

top-of-atmosphere reflectance of darkest pixel target at red 

band and ground-measured AOD550 (AOD at 550 nm). Its 

physical concept is explained. Test area over Tainan, Taiwan, is 

selected. Sun-photometer data over Chen-Kung_Univ station of 

Aerosol Robotic Network data are implemented. The results 

show that high determination coefficient (0.77) of the model is 

obtained, which indicates the feasibility of the developed model. 

Limitation of the developed model is also described. 

 
Index Terms—Aerosol Optical Depth, SPOT satellite, Dark 

Target, Sunphotometer.  

I. INTRODUCTION 

  Currently, aerosol is an important factor when climate 

change issue is concerned [1], [2]. Aerosol optical depth 

(AOD) is also the main uncertain factor, when atmospheric 

correction (AC) of remotely-sensed data is needed. Radiative 

transfer model (RTM) is usually used with both assumptions 

of  aerosol model and surface reflectance of dark target (DT) 

for retrieval of AOD [3]–[5]. In addition to the complexity of 

the RTM, these assumptions can also cause errors. 

Current AOD retrieval from satellite remote sensing relies 

on mainly dark target method [6]. RTM is usually applied in 

AOD retrieval and AC for remote sensing data. Assumptions 

of aerosol model and surface characteristics, usually dark 

target, have to be made in such approach. Thus, they can 

cause errors. Therefore, a simple method able to retrieve 

AOD with comparable accuracy is worth noticing.  

Alternative approach is the contrast reduction method [7]. 

Dark object subtraction is simple, hence further improved and 

widely used in AC and surface reflectance retrieval for 

Landsat data [8], [9]. However, this method doesn’t 

determine AOD information. Hence, a simple algorithm in 

AOD retrieval is worthy to develop 

A semi-empirical model to derive AOD from 

top-of-atmosphere (TOA) reflectance of dark target (DT) at 

red band DT is proposed. This study also introduces the 

physical concept of the semi-empirical model, which is based 

on linear regression between TOA reflectance of DT and 

ground-measured AOD550 (AOD at 550 nm). Currently, DT 

is selected as darkest pixel (DP). The algorithm is confined to 

cloudless images with uniform atmospheric effect. 
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II. METHODOLOGY 

A. Data 

Test site Tainan is selected in this study. Total 31 SPOT 

satellite images, purchased from Center for Space and 

Remote Sensing Research (CSRSR) of National Central 

University (NCU) over Tainan are acquired. These data 

amount are large, compared with the previous study [4], to 

obtain significant result. The temporal range of these images 

is 2002/04~2011/04. Images with only cloudless and uniform 

atmospheric effect, which are determined by visual 

interpretation, are acquired. Test area covers spatial range 

with 12 km x 12 km. Fig. 1 shows SPOT HRV image over 

Tainan, taken on 2002/11/12.  

 

 
Fig. 1. SPOT satellite image over Tainan test site with false-color band 

combinations: near infrared (red), red (green) and green (blue). 

 

Sunphotometer data over Chen-Kung_Univ station 

corresponding to Tainan area is used to verify the inversion of 

AOD from the SPOT satellite imagery. Ground-measured 

AOD data are obtained from sunphotometer measurements 

thanks to the inversion algorithm from Aerosol Robotic 

Network (AERONET) developed by NASA [10]. The 

sunphotometer-measured AOD data within 30 minutes of 

SPOT satellite overpass time are averaged and used to 

develop the AOD retrieval algorithm, i.e. the semi-empirical 

model. 

B. Empirical Model of Aerosol Optical Depth Retrieval 

Remotely sensed TOA reflectance basically consists of two 

parts: atmospheric reflectance and surface reflectance, 

including target and adjacency. To derive AOD from DT, 
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homogeneous surface is usually assumed. However, 

significant error can be generated. Simulation showed that 

relative errors of retrieved AOD550 could be up to 100% and 

97% at blue and red bands, respectively, in the case of 

medium contrast, i.e. DT reflectance 0.01~0.06 and 

background (adjacent) reflectance 0.12, for AOD550=0.23 

[11]. In fact, such an error can further be propagated and 

inducing error in surface reflectance of larger than 0.01 in AC  

for most cases [12]. It is difficult to know beforehand the 

adjacency reflectance of DT; hence background reflectance is 

usually assumed to be the same as that of DT. When these 

errors and also surface reflection are neglected, TOA 

reflectance TOA can be written as: 

,550
4 0

0 



  AOD

PTOA
                       (1) 

where 0 and P are single scattering albedo and phase 

function for aerosol as single scattering approximation is 

assumed for low aerosol concentration. The 0 are 

multiplication of cosine of viewing and solar zenith angles. 

The  is the error due to neglect of surface reflection. To infer 

AOD550 from TOA, eq. (1) is rewritten as: 

.01550 aaAOD TOA                     (2) 

where a1 and a0 are the linear-regressed coefficients. Since 

DT reflectance is very low at red band, e.g. 0.01  [5], [13], 

empirical model is performed at this band here. Because 

derivation of eq. (2) can be physically plausible, it is named 

as semi-empirical model here. Currently, DT is selected as 

darkest pixel (DP) for every image [14]. This means that TOA 

used in performing linear regression is TOA of DP in every 

SPOT image. 

III. RESULTS AND DISCUSSION 

Histogram and statistics of ground-measured AOD550 for 

the 31 SPOT satellite images is illustrated (Fig. 2). Ground 

measured AOD550 ranges from 0.17 ~ 1.4. Less images are 

taken at quite clear sky with AOD550 around and below 0.2 

(0.23 for clear sky considered in 6S) [15]. In fact, many 

images are taken in hazy sky, which is 0.76 considered in 6S. 

Mean and standard deviation of all AOD550 measured taken 

accounted in Tainan site are 0.58 and 0.27, respectively. 

Hence, one can see the images considered here are in diverse 

haziness of sky. 

Linear regression is applied to describe the relationship 

between SPOT satellite image retrieved AOD and 

ground-measured AOD over Tainan site using proposed 

empirical model (eq. (2)) (Fig. 3). High determination 

coefficient (0.77) is obtained, indicating the feasible 

assumption of empirical model. As Fig. 2 shows that 

AOD550 is zero, i.e. atmosphere with aerosol concentration, 

minimum TOA, i.e. TOA of DP, is not zero. This is because of 

Rayleigh scattering of molecules. This account for negative 

intercept, i.e. -0.378, of the empirical model (eq. (2)), when 

using DP TOA reflectance to infer AOD550. 

IV. CONCLUSION 

This study develops a semi-empirical model to retrieve 

AOD from top-of-atmosphere (TOA) reflectance of darkest 

target at red band. The physical concept of the semi-empirical 

model is also expressed.  It is based on linear regression 

between TOA reflectance of darkest pixel and 

ground-measured AOD550. High determination coefficient 

(0.77) is obtained. This model is currently confined to 

cloudless images with uniform atmospheric effect. 
 

 
Fig. 2. Histogram and statistics of ground-measured AOD550 over 

Tainan. 

 

 
Fig. 3. Relationship between SPOT satellite retrieved AOD and 

ground-measured AOD over Tainan (NCKU) site. 
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