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ABSTRACT: 
Aerosol optical properties need to be known on a global scale to estimate the aerosol 

radiative forcing on the Earth's climate.  Ground-based sun/sky-photometers allow to sample 
downwelling radiance with a good temporal resolution, from which aerosol properties can be 
inferred.  Devaux et al.[7] and Vermeulen et al.[8] proposed a method to directly derive the 
optical properties at 870 nm such as the aerosol single scattering albedo, without needing 
assumptions on particle microphysics, according to the approach of Wang and Gordon[9].  The 
main sources of uncertainty on the derived aerosol single scattering albedo are the radiance 
uncertainty due to calibration uncertainty, the surface albedo estimation and the aerosol 
optical thickness uncertainty.  Methods to improve the precision on the aerosol single 
scattering albedo are proposed. 
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1. Estimating the aerosol radiative forcing 
The effect of aerosols on the Earth's radiative 
budget, which is suspected to play a role in the 
current climate change, is described by the aerosol 
radiative forcing.  The aerosol optical thickness 
(proportional to aerosol concentration), the aerosol 
phase matrix (angular dependence of aerosol 
scattering, mainly depending on particle size and 
composition) and the aerosol single scattering 
albedo (firstly depending on aerosol composition) 
are the three aerosol optical properties necessary to 
compute the aerosol radiative forcing.  The aerosol 
concentration and type are highly heterogeneous in 
space and time, depending on the source 
characteristics, the distance from source, the 
synoptical conditions (winds), the meteorology 
(humidity, precipitation).  Modelisation of the 
aerosol emission and chemical and physical 
transformations does not achieve the required 
precision to compute the aerosol radiative forcing.  
Experiments are required to investigate the effects of 
the atmosphere, the surface, biosphere on the aerosol 
physics and chemical properties. 
Global survey of aerosol properties can only be 
achieved by the technology of the spatial 
observation but a high level of resolution both in 
time and in space can not be achieved with a unique 
satellite.  Constellation of spaceborne instruments 
might fulfil the requirement in future.  Both 
POLDER and MODIS are the unique missions to 
provide the aerosol optical thickness (aot) on an 
operational mode and at a high spatial resolution, 
however the uncertainty of aot remains high over 
land where the surface contribution and 
heterogeneity are high but also over ocean (Tables 
1a and 1b).  Moreover only one to two values a day 
are made available for any location, as the satellite 

trajectory is on a polar orbit.  No operational 
methods exist and are implemented to derive the 
aerosol phase function and the aerosol single 
scattering albedo. 
 

Table 1a. Uncertainty on the aerosol optical thickness 
(aot) retrieved over ocean by various spaceborne 

instruments. 
Mission Uncertainty References 

MODIS 0.03 + 0.05 aot Remer et al.[1] 

ATSR-2 0.03 Veefkind et al.[2] 

AVHRR 0.07-0.10 Coakley et al.[3] 
Table 2a. As table 1a but over land. 

Mission Uncertainty References 

MODIS 0.05 + 0.2 aot Chu et al.[4] 

ATSR-2 Good agreement 
3 over 4 times 

Veefkind et al.[5] 

MTI 0.03-0.11 Chylek et al.[6] 

Ground-based observation is able to provide aot with 
an uncertainty smaller than 0.02, which respects 
requirements to calculate the aerosol radiative 
forcing.  Moreover ground-based sun/sky-
photometers allow to sample downwelling radiance 
with a good temporal resolution, from which aerosol 
properties can be inferred. 
 
2. Retrieved aerosol single scattering albedo 
Devaux et al.[7] and Vermeulen et al.[8] proposed a 
method to directly derive the optical properties at 
870 nm such as the aerosol single scattering albedo, 
without needing assumptions on particle 
microphysics, according to the approach presented 
by Wang and Gordon[9].  The method has then be 
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applied by Elias and Silva[10] at several wavelengths.  
The method consists in reducing measured radiance 
to single scattering properties by estimating the ratio 
of single-to-multiple scattering by means of a 
radiative transfer code. 
Within three steps, measured radiance is reduced to 
aerosol single scattering properties by considering 
surface reflection, multiple scattering by aerosols 
and molecules, and molecular single scattering.  The 
aerosol phase function can then be derived.  By 
testing the normalisation condition of the aerosol 
phase function, the value of the aerosol single 
scattering albedo is provided.  To summarise, two 
measurements, which are  the aerosol extinction and 
the atmospheric angular scattering dependence, as 
well as the normalisation condition, are available.  

The two results are the aerosol phase function 
(angular dependence of the aerosol scattering) and 
the aerosol single single scattering albedo (aerosol 
absorption) which are, with the measured extinction, 
all aerosol parameters necessary to calculate the 
aerosol radiative forcing. 
Table 2 gives the values of the aerosol single 
scattering albedo (assa) obtained by the method 
since 1998.  Values confirm that the spectral 
dependence of aerosol single scattering albedo 
depends on the aerosol type.  Aerosol scattering 
albedo increases with wavelength for desert dust 
aerosols and decreases for biomass burning aerosols.  
It is interesting to note that the variability of assa is 
much smaller at 440 nm than at 870 nm.

 
Table 2. Values of the aerosol single scattering albedo at 440 nm (assa440), at 670 nm (assa670), at 870 nm (assa870) 

retrieved by Devaux's method in various conditions. 
Location Time period Value of assa References 

La Crau, France Time period1994, 
1995, 1996 summers 0.62 < assa870 < 0.95 Devaux et al.[7] 

Tenerife Island, 
Spain 

June-July 1997, 
ACE2 0.82 < assa870 < 0.99 Elias et al.[11] 

Pietersburg, 
South Africa 

August-September 
2000, SAFARI2000 

0.86 < assa440 < 0.90 
0.76 < assa870 < 0.82 Elias et al.[12] 

Dry Tortugas, 
USA 1998 summer Assa400=0.86 

Assa870=0.99 Cattrall et al.[13] 

Sede Boker, 
Israel May-June 2000 <assa675>month=0.89-0.92 

<assa870>month=0.95-0.96 Elias and Silva[10]

Evora, Portugal 2002 summer Assa440=0.90 
0.78 < assa870 < 0.95 Figueira et al.[14] 

Evora, Portugal August 2003 

desert dust episode: 
assa440=0.86±0.03, assa870=0.93±0.03 

biomass burning: 
assa440=0.88±0.03, assa870=0.87±0.03 

Elias et al.[15] 

 
3. Methods to improve the precision on the 
aerosol single scattering albedo 
The strong advantage of the method is that no 
hypotheses on the aerosol microphysics is necessary, 
as the results depend only on the surface reflection, 
the aot uncertainty and the radiance uncertainty 
when aot870 is smaller than 0.3, as is shown in 
Figure 1.  assa at 870 nm is retrieved from 
measurements made in Pietersburg during 
SAFARI2000, by modifying the input parameters of 
their respective uncertainty.  ∆assa, the difference 
between reference assa, for unmodified input 
parameters, and affected assa, is plotted in function 
of the aerosol optical thickness.  Only the curves for 
the parameters affecting assa are plotted.  For larger 
aerosol load, the radiance uncertainty remains the 
main source of uncertainty, as also observed in 
Dubovik's method[16]. 
 

 

 
Figure 1.  Uncertainty on assa due to uncertainty on 
radiance (∆assarad), due to uncertainty on the aerosol 

optical thickness (∆assaaot) and due to the estimation of the 
surface albedo (∆assaSurf) 
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The main preoccupation in deriving assa is the 
sensitivity to the radiance uncertainty.  Radiance 
precision is generally low, not better than 5%[17],[18], 
due to the interactions of radiation with the 
instrument components.  Elias et al.[11] proposed an 
experimental method to improve the precision on 
radiance, based on the principle that the increase of 
information must help in increasing the precision.  
An experiment was conducted during ACE-2 when 
several co-located radiometers acquired data 
simultaneously and at the same wavelengths.  
Measurements disagreeing, the average was 
considered closer to the reality, and a gain and an 
offset to apply on raw measurements were 
estimated.  The uncertainty on the corrected radiance 
depends on the radiance uncertainty of the raw 
measurement as well as on the gain and the offset.  It 
was calculated smaller than the uncertainty on raw 
measurements, which is consistent with the principle 
of increase of the information supply.  Consequently 
the uncertainty of assa due to radiance could be 
reduced to 4%. 
The second contributor to the assa uncertainty is due 
to the estimation of the surface albedo which is a 
priori unknown at any site.  Spatial observation of 
the Earth's surface provides information on surface 
optical properties with a good precision, if the 
atmospheric contribution can be computed.  
However it is not known if this value corresponds to 
the effective contribution of surface reflection to the 
sky-radiometer measurements which has a narrow 
field of view, aims upwards and sweeps the sky over 
180° in several geometries.  For example, how 
surface heterogeneities will affect downwelling 
radiance in function of the viewing zenith and 
azimuth angles ?  A sensitivity study of the surface 
contribution to radiance in function of the viewing 
zenith angle has been done by the radiative transfer 
code of the Succesive Orders of Scattering in the 
conditions of the CIMEL CE318 instruments.  It has 
been deduced a methodology to correct radiance 
measurements of the surface contribution 
experimentally estimated by the CE318 
instrument[10].  The method applied on 
measurements taken in the semi-arid environment of 
Sede Boker, Israel, shows the important implication 
in the retrieval of assa magnitude and of the spectral 
dependence of assa. 
 
 
 
 
 
 

4. Perspectives 
The assa methodology also provides the aerosol 
phase function which is the third necessary 
parameter to compute the aerosol radiative forcing.  
As was done for the retrieval of assa, the sensitivity 
study of the retrieved asymmetry factor must be 
done in order to estimate its uncertainty.  
Independent measurements made onboard an 
airplane above a ground-based site with a particle 
optical counter provided validation of our retrieval 
during SAFARI2000 campaign[12].  The conclusions 
for some case studies must be applied to all 
measurements. 
All retrieved parameters will be used to compute the 
aerosol radiative forcing with measurements made 
by a unique instrument and the uncertainty will be 
estimated in function of the uncertainty of each 
aerosol parameter.  The code to get the aerosol 
single scattering albedo and the phase function from 
measurements made by a CIMEL CE318 instrument 
can be used through an interface created in the 
Centro de Geofisica de Évora, Portugal.  The 
objective is to make available the interface to the 
scientific community in order to get a freedom in 
deriving the aerosol parameters and the aerosol 
radiative forcing. 
The required quantity can be derived with a unique 
instrument but CIMEL CE318 measurements can be 
complemented in order to improve the precision or 
increase the information on the aerosol optical 
properties.  For example, Lidar measurements are 
necessary to study the effect of the aerosol 
stratification on ground-based radiative 
measurements and to increase the angular sampling 
of the aerosol phase function.  Moreover, flux 
measurements also depend on the aerosol single 
scattering albedo and on the surface albedo[19].  
Spectral measurements with a YES MFR-7 
shadowband radiometer simultaneous to CE318 
measurements will allow to validate the retrieval of 
assa at several wavelengths.  This is done for the 
exceptionally long turbid event measured in Évora in 
August 2003, which is linked to the numerous forest 
fires which stroke the country and to the high 
temperature maxima experienced in Europe during 
this month[15]. 
The aerosol radiative forcing obtained from ground-
based measurements is local and instantaneous.  It is 
necessary to extend the information to a wider 
geographic scale.  Association of ground-based 
measurements to spatial observation will have to be 
optimised to derive with precision the aerosol 
radiative forcing on a regional scale around a 
ground-based station.

 
 

 


