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Abstract: 
The aim of this study is the retrieval of aerosol optical depth (AOD) from 

NOAA AVHRR over land (Central Europe). Surface reflectance is estimated 
by extracting the minimum reflectance within intervals of the satellite zenith 
angle during the previous 45 days. However, the AVHRR retrieved AOD 
values still show a large amount of scatter when compared to AERONET data. 
A substantial improvement of the correlation is achieved by incorporating the 
standard deviation of the AOD within a 25km × 25km region into account. The 
correlation improves substantially and intercept and standard error decrease. 
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Introduction 

Current state of the art space borne imaging 
radiometers like the Moderate Resolution Imaging 
Spectro-Radiometer (MODIS) or the Multi-angle 
Imaging Spectro-Radiometer (MISR) offer great 
possibilities for aerosol remote sensing. On the 
contrary, AVHRR offers a unique temporal coverage 
of over twenty years. Over oceans, the National 
Oceanic and Atmospheric Administration (NOAA) 
generates operational maps of the aerosol optical 
depth (AOD). There is an even higher demand on 
information about aerosol over land because most 
aerosol emission sources, natural and anthropogenic, 
are on land.  

The retrieval of AOD over land is more 
demanding because the surface reflectance is 
generally not only higher, so it provides less 
sensitivity to changes in aerosols, but varies spatially 
and temporally. Additionally, knowledge of the 
Bidirectional Reflectance Distribution Function 
(BRDF), which describes the angular reflectance 
properties, is required. Inaccuracies of 0.01 of the 
surface reflectance can result in AOD variations1 of 
0.1. The long term goal is to develop a procedure to 
estimate AOD from AVHRR suitable for real-time 
processing as well as for analyzing historic data. In 
this study we compare AOD data from AVHRR 
with ground-based measurements from AERONET. 
 

AVHRR Data Set 
The data set in this study consists of all NOAA-

16 afternoon passes from May 2001 to December 
2002, covering Central Europe and the alpine region 
from 40.5°N to 50°N and 0°E to 17°E. 

Pre-processing of NOAA-AVHRR level1b 
imagery for the retrieval of aerosol optical depth 
incorporates calibration of the visible channels 1 
(0.63µm) and 2 (0.86µm) according to the NOAA 
KLM users guide2. For improving the 
georeferencing, a feature matching algorithm is used 
to geocode the satellite imagery with sub-pixel 
accuracy. An orthorectification of the imagery is 
essential in an alpine region to overcome the 
displacement errors introduced by the topography. 
For cloud screening, we used the CASPR3 
algorithm. 
 

 AERONET Data Set 
For this study, only level 2 data (cloud 

screened, final calibration applied, and manually 
inspected) of eleven stations (Table I) have been 
used. The accuracy of the ground-based sun 
photometers of the Aerosol Robotic Network4 
(AERONET) is about 0.02. To be able to compare 
the AERONET data with the AVHRR AOD 
retrievals, the AERONET data from different 

wavelengths are interpolated to 0.55µm using a 2nd-
order polynomial fit of the logarithmic wavelengths. 

 

TABLE I 

Location of AERONET stations used in this study. 
 
AERONET Station Geographical Location 
Avignon  43°55'N, 4°52’E 
Creteil  48°47’N, 2°26’E 
Fontainebleau  48°24’N, 2°40’E 
Gerlitzen  46°40’N, 13°54’E 
Ispra  45°48’N, 8°37’E 
Marseille  43°16’N, 5°23’E 
Modena  44°37’N, 10°56’E 
Munich Maisach  48°12’N, 11°15’E 
Munich University  48°34’N, 11°34’E 
Rome Tor Vergata  41°50’N, 12°38’E 
Venice  45°18’N, 12°30’E 
 

Aerosol Retrieval from AVHRR 
Using a radiative transfer code, one can 

estimate the AOD when the surface and the top of 
atmosphere reflectance are known. In general, 
surface reflectance over land in channel 1 is rather 
low and shows a significant deviation from an ideal 
lambertian surface. While for a lambertian surface 
the surface reflectance is independent from the 
satellite zenith angle and from forward or backward 
scattering, most natural surfaces have a more 
complex behavior which is expressed by the 
Bidirectional Reflectance Distribution Function 
(BRDF). There are many studies and models dealing 
with this problem, however, the application of a 
BRDF model requires accurate information about 
the surface type, which is often not available or 
outdated.  
 

 
Figure 1: Reflectance at the AERONET station Ispra for 
the period November 17th, 2001 to December 31st, 2001. 
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To omit errors introduced by an inaccurate BRDF 
model we try to determine the BRDF from the data 
itself using a time series of observations (45 days). 
For each cloud-free pixel a function of the top of 
atmosphere reflectance versus the satellite zenith 
angle can be plotted. We assume that the lowest 
reflectance values within a certain satellite zenith 
angle interval represent a nearly aerosol-free 
observation. The identification of the points is done 
using the concept of the convex hull (figure 1). This 
procedure follows partly the ideas of Knapp and 
Stowe5. 

To retrieve the AOD, the SMAC Algorithm6 for 
atmospheric correction has been modified. An 
iterative procedure extracts AOD from the given top 
of atmosphere and surface reflectance. So far, only 
channel 1 of the AVHRR is used. For our study area, 
a continental aerosol model seems to be most 
appropriate. The retrieved AOD still shows a large 
amount of scatter and a clear offset when compared 
to AERONET measurements (figure 2).  
 
 

 
Figure 2: AOD from AVHRR compared to AOD from all 
available AERONET stations for the period May 2001 to 
December 2002. 

 
The statistical parameters intercept, slope, 

standard error (σ) and correlation coefficient (r) can 
be used to evaluate the performance of the retrieval 
algorithm7: In an ideal case, we would expect an 
intercept close to zero and a slope close to unity. The 
slope of 0.14 indicates a bias of the surface 
reflectance due to errors associated with the surface 

reflectance estimate. A slope different from unity 
might point to some errors associated with an 
incorrect aerosol model. The standard error (σ) 
represents the magnitude of the random errors like 
radiometric noise, cloud contamination, snow 
contamination, geocoding inaccuracies and surface 
reflectance variability. 

 
 

 
Figure 3: AOD difference between AERONET and 
AVHRR plotted against standard deviation of the AOD 
within a region of 25km × 25km around each AERONET 
station. 
 
 

So far, some spatial constraints have not been 
considered, i.e. AOD at a certain location depends to 
a certain degree on the AOD of its neighboring 
pixels. In figure 3, the 10-40 percentile of the AOD 
in a 25km × 25km region around each AERONET 
site minus the AERONET AOD is plotted versus the 
standard deviation of the 10-40 percentile of the 
AOD of this region. Figure 3 reveals a clear trend, a 
low spatial standard deviation of the AOD leads in 
general to a minor difference between the AVHRR 
and the AERONET AOD. A large spatial standard 
deviation of AOD can be associated with the random 
errors as described above and leads in general to an 
overestimate of the AVHRR retrieved AOD. 

Assuming that a linear fit in figure 3 is 
appropriate, we use this relation to correct our initial 
retrievals (figure 4). This post-processing decreases 
the intercept from 0.14 to 0.03 and the standard error 
(σ) from 0.15 to 0.07. Additionally, the squared 
correlation coefficient (r2) increases from 0.31 to 
0.54. 
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Figure 4: AOD from post-processed AVHRR versus AOD 
from AERONET. Post-processing means that the linear fit 
from figure 3 has been applied to the AVHRR data. 

 
Seasonal Mean Aerosol Optical Depth 

Seasonal (figure 5) and monthly (figure 6) 
means from the NOAA-16 noon passes have been 
calculated for May 2001 till December 2002. A 
minimum number of 10 AOD retrievals at each pixel 
location within the 3 months period were required to 
avoid biases. The seasonal mean maps (figure 5) 
show the expected spatial distribution: mountainous 
regions like the Alps, Apennin, Pyrenees and Central 
Massif are clearly visible due to low AOD values. 
On the contrary, the highly industrialized area of 
northern Italy displays some of the highest AOD 
values, especially in fall. The magnitude of the AOD 
values with a maximum of about 0.5 is also 
reasonable. These values are reached during summer 
at the eastern coast of the Italian peninsula. Further 
investigation is needed, e.g. by comparisons with 
MODIS data, to confirm these results. 

The monthly means (figure 6) from AVHRR 
for Central Europe are relatively low compared to 
MODIS data8. Their wintertime minimum is about 
0.15 and the maximum about 0.4 but the data span 

the period from July 2000 to May 2001. Our 
wintertime minimum is less than 0.1 and the 
maximum little over 0.25. The differences may arise 
from different sources: 

• Different time period with different 
weather conditions 

• Different area size 
• Exclusion of water bodies in our study 
• Exclusion of most mountainous regions in 

the MODIS product 
 

Conclusion and Discussion 
We conclude that aerosol retrieval over land 

using AVHRR is a challenging task but it is possible 
to extract valuable results. When incorporating a 
pixel-wise BRDF corrected surface reflectance, the 
covered area can be extended compared to classical 
approaches like the dark dense vegetation (DDV) 
method9. Also, restricting the AVHRR data set to 
specific view angles is obsolete.  

Direct comparison of AVHRR retrieved AOD 
versus AERONET data yields a large amount of 
scatter but generally a clear trend is visible. The 
standard error (σ) can be associated with additive 
errors like cloud contamination, snow 
contamination, radiometric noise, geocoding 
inaccuracies and surface reflectance variability. 
Cloud contamination and surface reflectance 
variability are probably the main factors influencing 
the standard error. The correlation between 
AERONET and AVHRR retrieved AOD can be 
further increased by incorporating the standard 
deviation of the AOD within a 25km × 25km region. 
Additionally, the intercept and standard error 
decrease substantially. 

Monthly and seasonal means show the expected 
annual cycle and magnitude of AOD. The proposed 
processing scheme for AVHRR data seems to be 
able to produce meaningful AOD distribution maps 
e.g. for climate studies. However, further testing and 
comparisons e.g. with MODIS data is essential. 
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Figure 5: Seasonal (3 months) means of the aerosol optical depth (AOD) in Central Europe in 2002. The images cover the 
region from 40.5°N to 50°N (1 degree intervals) and from 0°E to 17°E (2 degree intervals). 

 
 
 

 
Figure 6: Monthly mean AOD for Central Europe in 2002 (solid line) and the mean number of cloud-free observations 
(dashed line) 


