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ABSTRACT: 
We summarize in the following some key results of our study conceming the 

AERONET in Europe and the related aerosol radiative forcing effect. We discuss 
how well a simple box-model stacks up against a sophisti- cated radiative transfer 
code (disort-code in this case). Another topic is the aerosol radiative forcing 
effect over solar zenith angles in specific wavelength channels. The calculations 
cover mostly the years of 1999, 2000, and 2001. We used for our evaluation 12 
AERONET sta- tions which are located in areas in Europe.Write a breaf abstract 
of the work in English. The highest permitted length of the text is 8 lines. This 
text may content more than one paragraph. 

 
Key words: AERONET, Aerosol 



ÓPTICA PURA Y APLICADA – Vol. 34 - 2001 

Opt. Pur. y Apl., Vol. 37, núm. 3, 2004  Autor: S. Gonzi et alt. - 3310 -

[5] Dubovik, 0., B. N. Holben, T. F. Eck, A. Smimov, Y. J. Kauf- man, M. D. King, D. 
Tanre, I. Slutsker, Variability of Ab- sorption and Optical Properties ofKey Aerosol 
Types Observed in Worldwide Locations. J. Atrnos. Sci., 59,590 -608, 2002. 

[6] Haywood, J.M., and Shine, K.P., The effect of anthro- pogenic sulfate and soot aerosol 
on the clear sky planetary radi- ation budget. Geophys. Res. Lett., 22, 603-606, 1995. 

[7] Holben, B.N., et al, AERONET -A Federated Instru- ment Network and Data Archive 
for Aerosol Characterization. Remote Sens. Environ., 66,1-16. 1998. 

[8] Holben, B. N., D. Tanré, A. Smimov, T. F. Eck, I. Slutsker, N. Abuhassan, W. W. 
Newcomb, J. S. Schafer, B. Chatenet, F. Lavenu, Y. J. Kaufman, J. Vande Castle, A. 
Setzer, B. Markham, D. Clark, R. Frouin, R. Halthore, A. Kameli, N. R. O'Neill, C. 
Pietras, R. T. Pinker, K. Voss, G. Zibordi, An emerging ground-based aerosol 
climatology: Aerosol optical depth from AERONET. J. Geophys. Res., 106,12,067-
12,097, 2001. 

[9] ISCCP, http://isccp.giss.nasa.gov/ ,2002. 
[10] LibRadtran: http://www.libradtran.org . 
[11] Nemesure, S., R. Wagener, and S.E. Schwartz, 1995: Di- rect shortwave forcing of 

climate by the anthropogenic súlfate aerosol: Sensitivity to particle size, composition, 
and relative humidity. J. Geophys. Res., 100,26,105-26,116. 

[12] Pan, W., M.A. Tatang, G. J. McRae, and R.G. Prinn, Un- certainty analysis of indirect 
radiative forcing by anthropogenic sulfate aerosols. J. Geophys. Res., 103,3815.3823, 
1998. 

[13] Stamnes, K.S., S. Tsay, W. Wiscombe, and K, Jayaweera, Numerical stable algorithm 
for discrete-ordinate-method radia- tive tran~fer in multiple scattering and emitting 
media. Applied Optics, 27,2502.2509, 1998. 

 
 
1 Introduction 
 

One ofthe great problems in aerosol 
science is the exact specification ofthe 
single scattering albedo, particle size 
distribution and complex refractive index of 
an ensemble of aerosol particles. The latter 
aerosol optical parameters in combination 
with aerosol optical depths are key factors 
when including scattering effects of 
aerosols in radiative transfer codes. The 
scattering and absorption effects of aerosols 
in the earth atmosphere are ofutmost 
interest in the climate change discussion 
due to its very nature of affecting the 
energy balance of the earth its at- mosphere. 
For typical polluted areas, as for example 
Europe, aerosols affect the 
incomming/outgoing solar radiation mainly 

in the visible part ofthe solar spectrum. This 
is in stark contrast to anthropogenic 
greenhouse gases which affect the enery 
budget ofthe earth mainly in infrared 
regions. We discuss in the following the di- 
rect aerosol radiative forcing effect. For 
anthropogenic sulfate aerosols this direct 
aerosol forcing effect is al- ways negative 
in sign due to the behavior of the single 
scattering albedo which is close or equal to 
1. However, in reality there are a lot of 
other aerosol subtances mixed up in the 
atmosphere and the single scattering albedo 
is below 1 for typical aerosol mixtures. For 
example soot is another big player and has 
the opposite effect of sulfate because soot is 
a strong absorber and imposes a radiative 
forcing effect which is positive in sign. The 
AERONET delivers column integrated 
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aerosol optical properties. That is essential 
when comparing our results with other 
authors, because some studies investigate 
the anthropogenic sulfate aerosol effect 
only. There is no space here for describing 
the AERONET project in de- tail. The 
reader is referred to Holbenet al. (1998, 
2001). And further information to the 
AERONET can be found in this 
proceeding. 

2     Basic Assumptions and Methods 

2.1 Clear-Sky Aerosol Radiative Forcing 
Effect 

The following parameters are needed 
when considering aerosols in radiative 
transfer codes: 

• .Aerosol optical depths 
• .Single scattering albedos 

• .Asymmetry parameters 

• .Surface albedos 

The asymmetry parameter 9 is somewhat 
a proxy for a poor-man's aerosol phase 
function. The AERONET delivers the 
following retrieval products ( cf. Dubovik 
et al. 2000, 2002) at the wavelength 
channels of 440, 670, 870, and 1020nm: 

• .Aerosol optical depths 
• .Single scattering albedos 

• .Complex refractive indices 
• .Particle size distributions 

We used the particle size distribution in 
combination with the refractive index for 
obtaining a mean average phase function 
over that size distributionat any ofthe 12 
AERONET stations in Europe. In tum this 
phase func- tion yielded a typical value for 
the asymmetry parameter and upscatter 
fraction (applied in the box-model). 

We used the libRadtran environment (cf. 
libRadtran) for our aerosol radiative 
forcing effect calculations. We did a cut at 
1500 nm because direct aerosol radiative 
forcing effects beyond that regime are 

negligible. How- ever, we plan to include 
the whole regime up to 4000 nm for our 
end results which will be puplished in the 
near future elsewhere. 

The aforementioned aerosol radiative 
forcing effect calculations are then 
compared with simple box model 
calculations. A box-model (cf. Haywood 
and Shine 1995) utilizes mean aerosol 
optical properties: 
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The dimension of ∆F is [W/m2]. D is the 
frac- tional daylength; S0 is the Solar 
Constant; Tαt is the mean transmission ofthe 
atmosphere above the aerosol layer; Ac is 
the fractional cloud cover; Rs is the sur- 
face albedo; β is the averaged upscatter 
fraction over the zenith angle for a specific 
geographicallatitude ( cf. Boucher 1998); 
ω  is the mean single scattering albedo and 
τ  is the mean aerosol optical depth. We 
used the IS- CCP data base (cf. ISCCP 
2002) for the mean average cloud cover 
fraction at locations in Europe. 

Whya simple box-model when there are 
exact radia- tive transfer codes? A simple 
answer might be that cal- culation times are 
huge. A typical AERONET data set for a 
typical albedo case takes about 2 weeks on 
proces- sor time on a 1000 MHz Sun 
workstation. By contrast a box-model 
delivers results in real time due to its very 
simple nature. A box-model is a 
simplification of a two- stream model 
(Chylek and Coakley 1974). However, in 
reality the results are much more influenced 
by the ac- curacy of the aerosol retrieval 
products itself ( cf. Pan et al. 1998). A 
disort-solver (cf. Stamnes et al. 1990) does 
not automatically mean that the calculated 
aerosol radiative forcing effects constitute 
the last truth. 



 

Opt. Pur. y Apl., Vol. 37, núm. 3, 2004  Autor: S. Gonzi et alt. - 3312 -

2.2 Direct Aerosol Radiative Forcing 
Effect at different Wavelength 
Channels 

Since a few years now it is well known 
that the aerosol radiative forcing effect has 
its maximum at a solar zenith angle of 
around 75° (near horizon). The explanation 
can be given by means ofthe upscatter 
fraction and Rayleigh scattering. It turned 
out that at a specific solar zenith angle the 
two are such that the direct aerosol radiative 
forcing effect exhibits its maximum (cf. 
Nemesure et al. 1995). The AERONET is 
predestined for investigations of this effect 
for different wavelength channels ( see also 
Figure 2). 

 
Figure 1: Comparisonofthe direct clear-skyradiative 

forcing effect for different wavelength channels of 300-
440,440-550, 550- 770,770- 910,910-1090, 1090-1500 

nm, respectively. The green albedo case uses the fol\owing 
albedo values for the aforementioned wavelength 

channels: 0.03, 0.03, 0.06, 0.2, 0.2, 0.2. The integrated 
mean average clear-sky aerosol radiative forcing effect 

values over the course of a typical year for the disort and 
box-model, respectively: -3.6:f:1.8 and -2.9:f: 1.5 W/m2. 
Note: The values are about a factor of two higher in the 
summer months and much lower in the winter months 

(see also Figure 3). 

3 Data and Results 

Figure 1 shows the comparison between 
the box-model and disort calculations. It is 
obvious that the general slope of the two 
curves agree quite well except for the big 
gap in the wavelength regime of 550 to 770 
nm. We do not have any explanation for 
this discrepancy. A higher upscatter fraction 
in that regime would cure the problem (see 
also equation 1 ). However, one should not 
forget that the asymmetry parameter (which 

is utilized in the libRadtran environment) 
actually is based on the same phase 
function as the upscatter fraction (which get 
used in the box-model; see equation 1 ). In 
all the other wavelength channels the 
aerosol radiative forcing effect values agree 
quite well. 

 
Figure 2: The aerosol radiative forcing effect in different 

wave- length channels. The larger the wavelength the 
higher the solar zenith angle were the maximum of the 

forcing occurs. 
 

Figure 2 shows aerosol radiative forcing 
effect val- ues for different wavelength 
channels as function of so- lar zenith 
angles. The surprising fact actually is that 
the maximum of the aerosol radiative 
forcing effect at 75° is the average of the 
maxima occuring at lower or larger 
wavelength channels. It is obvious from 
Figure 2 that at short wavelengths the direct 
aerosol radiative forcing effect is shifted to 
smaller (towards the zenith) solar zenith 
angles. At larger wavelength channels the 
maxima lie at larger solar zenith angles. 
This relation is very important when 
retrieving and infering the aerosol radiative 
forcing effect from measurements, because 
so- lar flux measurements are often carried 
out in specific wavelength channels. 

Summary 
 

We discussed in this short note some 
summarizes of our clear-sky radiative 
forcing effect calculations based on the 
AERONET in Europe. We would like to 
point out that absolute values ofthe direct 
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clear-sky radiative forc- ing effect, either 
for the disort and box-model solutions, are 
not so much important. The latter is clear 
because different observing stations and 
statistics will slightly change the magnitude 
of the value. Nevertheless the mean 
radiative forcing effect values lie in the 
range of other authors (who got their results 
by means of other methods and retrieval 
products). However, it is worth to point at 
the big gap ofthe two solutions at the wave- 
length regime around 670 nm. 

 
Figure 3: Direct clear-sky aerosol radiative forcing etfect 

over the course of a typical meteorological year. 
 

Another important result is the fact that 
the maximum of the aerosol radiative  

forcing effect is the average of the maxima 
occuring at longer and shorter wavelengths. 
The latter could be useful when evaluating 
and validat- ing aerosol radiative forcing 
effect measurements. Our presentation 
covered only small amounts of our prelim- 
inary work and the details will be published 
elsewhere. 
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