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ABSTRACT.  A method to retrieve the single scattering albedo (ωo) within the 
atmospheric column is proposed based on comparisons between both NO2 photolysis 
rates (JNO2) measured by an optical actinometer and JNO2 calculated by a radiative transfer 
model. In fact, a high sensitivity of JNO2 to ωo variations has been observed thanks to the 
model and constitutes the reliability of the method. The importance of the knowledge of 
the vertical profile of the aerosol extinction has been underlined after some sensitivity 
studies. The method has been applied to assess ωo in the frame of the Indian Ocean 
Experiment (INDOEX) over Goa area (15.45N, 73.08E) located in the West coast of 
India. Our period study was firstly included in the period between March 2 and March 
13, 1999 when ground lidar measurements were available . This period was extended to 
the period between February 26 and March 23, 1999 after an assumption about the 
aerosol layer mean altitude. The uncertainties from each parameter (optical thickness, 
Angström exponent, asymmetry factor…) used in the model  have been taken into 
account. As results, they provided on the retrieved ωo a total absolute accuracy of 0.03 
close to local noon and up to 0.04 until three hours before and after. Beyond the accuracy 
is no more correct. For the dozen studied days, the value of ωo at noon was found 
between 0.89 and 0.93.  ωo varies weakly throughout the day, even it seems that its 
behavior is different following each day. Such practically constant value of  ωo  is in very 
good agreement with results obtained by other methods in the frame of the same 
campaign.  
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1.Introduction 

Several studies demonstrate the important impact of aerosols on radiative budget and 

climate by absorbing or scattering radiations in the atmosphere (Hansen et al., 2000; 

IPCC, 2001; Ramanathan et al., 2001). Depending on the magnitude of the absorption of 

the aerosols, they may either counter or enhance the warming influence of globally 

increasing greenhouse effects. However the radiative forcing by aerosols is more 

complex to evaluate and presents large uncertainties than the one of greenhouse gases due 

to their high spatial and temporal variability caused by their source emissions and their 

short lifetimes (IPCC, 2001). By interacting with the solar radiation, aerosols influence 

also the actinic fluxes used to photodissociate gaseous molecules and may modify 

significantly the photochemistry within the atmosphere. Indeed observations and 

calculations made by Dickerson et al. (1997) indicated that scattering aerosols may 

increase ozone-mixing ratios and absorbing aerosols may reduce them. Accurate 

knowledge of the aerosol absorption property is then absolutely fundamental and 

deserves an extended further survey. 

The single scattering albedo (ωo) is a pertinent parameter of the aerosol to characterize 

the relative contribution of the absorption compared with the scattering by the particle. It 

corresponds with the ratio between the scattering coefficient and the extinction (sum of 

scattering and absorption) coefficient. ωo can take a value between 0 (purely absorbent 

particle) and 1 (purely scattering particle) and can significantly evolve following both the 

activated aerosol sources  and the aging processes. For instance a change in ωo from 0.9 to 

0.8 may change the sign of the direct effect of aerosols  over certain ground surfaces 
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(Hansen et al., 1997). During the INDOEX campaign field experiment, several 

independent methods  found mean values of ωo between 0.83 and 0.93 for the column 

averages (Ramanathan et al., 2001; Léon et al., in press). Such change in ωo may modify 

the vertical equilibrium of the low troposphere.  

Multiple methods exist to estimate an in situ value of ωo. They can consist of measuring 

light transmitted and scattered by air samples, as provided by the synergy between an in 

situ nephelometer and a sunphotometer (Radke et al., 1991). Such a method need very 

careful calibrations because the absorption, which is the subtraction between the 

extinction and the scattering, is often a difference between two large numbers. ωo can 

also derive from chemical analysis of the aerosol composition and its size distribution 

according to the Mie Theory. This last technique needs to make assumptions about the 

particle shape and may be questionable concerning the mixture state of the absorbing 

elements comparing with the rest of the aerosols (Ackerman and Toon, 1981; Li and 

Okada, 1999). Moosmüller et al. (1998) worked with direct measurements of light 

absorption using photoacoustic spectroscopy and filter measurements. However such 

approach leads to results that are expected to have a possible strong wavelength 

dependence in the light absorption. Well-calibrated sun photometers can also derive 

directly ωo from sun/sky measurements (AERONET network) using Dubovik et al. 

(2000) inversion methods. Most of the previous studies give either an average value or a 

time -localized value of ωo. Until now, there is very few investigations to assess and study 

its daily variability.  

In this paper we propose a new method to retrieve ωo within the atmospheric column. The 

mainly purpose of this work is to have daily as well as day by day evolutions of ω0. In 
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cloud free conditions, we have then set up an original method using both continuous 

measurements of the NO2 photolysis rates (JNO2) and a radiative transfer model. As 

application we choose to work with data issued from the international campaign 

INDOEX (Indian Ocean Experiment). This program was dedicated to study polluted air 

masses transported from India subcontinent throughout the Indian Ocean (Ramanathan et 

al., 2000). During the winter monsoon period (January to March of 1999), ground based 

measurements of several aerosol properties were deployed at the coastal site of Goa  (15° 

24’N, 73° 48’E). We are focusing particularly on the period between February 26 and 

March 23, 1999 which we consider as our intensive field phase henceforth called IFP. 

During this winter monsoon, the prevailing winds are mostly northeasterly and the site of 

Goa is well located for observing characteristics of anthropogenic aerosols leaving the 

continent before a contact with the pristine air of the Indian Ocean (Léon et al., 2001) . 

First results of ωo issued from the present principle have been previously presented in 

Léon et al. (in press). However ωo has been assessed without considerations of both 

realist aerosol vertical profiles and spectral dependencies as in the present work. 

Moreover the study period was reduced to the period between 11 and 23 of March, 1999 

while the present paper proposes ωo results in more large period between February 26 

and March 23 (IFP). Furthermore ωo has been retrieved at noon only. Aerosols were also 

assumed to be confined inside a layer between the surface and 2 km above the sea level 

in which the vertical extinction coefficient was supposed unifor mly distributed. However 

it is shown in this paper that ωo retrieval could be strongly sensitive with the aerosol 

vertical distribution, mainly when the daily variability has to be investigated.  

In a first section the methodology is presented including the radiative transfer 
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model description and the experimental context of INDOEX. The second section is 

focused on different sensitivity tests to study the impact of the variation of each aerosol 

parameter and its possible spectral dependence on the model output JNO2 . The objective  

is in fine to assess the total uncertainties on the retrieved ωo. Moreover the importance of 

the vertical repartition of the aerosol in term of extinction is underlined. We present in a 

third section the results of daily and day by day evolutions of ωo in the frame of INDOEX 

campaign during the IFP. Ours results have been compared with those obtained by other 

authors. 

 

2. Methodology to retrieve the single scattering albedo 

2.1 Generality.  

The photolysis rate of nitrous dioxide NO2 is the probability for the molecule to be  

photodissociated by absorbing solar radiation. As given by the relation (2), it is a function 

of both the NO2 absorption cross section (σNO2) and its quantum yield (ηNO2), the actinic 

flux (Φ) and the temperature of the air parcel (T). The efficient spectral domain (∆λ) is 

defined by the product of both σΝΟ2 and ηΝΟ2.  As shown in Fig.1, ∆λ is mainly limited 

by the wavelengths 300 nm and 400 nm. Φ  is sensitive to the presence of aerosols and 

can be itself considered as a function of ωo , αext(z) and the asymmetry factor (g) of the 

aerosol.  

∫
∆

=
ν

2NOJ ηNO2(λ,T) σNO2(λ,T) Φ(λ) dλ               (1) 
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Fig. 1. NO2 absorption cross section (dotted) and NO2 quantum yield (dashed) as a 

function of the wavelength. The product of both (solid) which expressed the 
wavelength dependence of JNO2 is mainly situated within the spectral range 
between 300 and 400 nm. 

 

 

2.2 Principle 

The present method to retrieve ωo is based on comparison between measured JNO2 and 

JNO2 calculated by a radiative model, knowing that ωo is one of the input parameters. 

Following an iterative procedure, ωo  is tuned until agreement between measurements and 

calculations of JNO2 is reached in a predefined interval of convergence. This interval is a 

function of the expected precision on the retrieved-value of ωo. In the meantime, the rest 

of the input parameters are fixed.  
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2.3 The radiative transfer model  

The calculation of JNO2 has been performed via actinic fluxes with a radiative transfer 

model developed by Sasha Madronich (1996) called TUV (Tropospheric Ultraviolet and 

Visible radiation model). This code is basically an extension to that used in many 

previous studies (Madronich, 1987,1992; Shetter et al., 1992,1996; Lantz et al., 1996). 

For many species the actinic fluxes can be determined by TUV with a n-stream discrete 

ordinate radiative transfer method (Stamnes et al., 1988). The total JNO2 can be separate 

into the upward JNO2(up) and the downward JNO2(down) components. The input aerosol 

parameters are schematized in the Fig. 2. It sums up the αext(z) and its spectral 

dependence defined by the Angström exponent Å, the asymmetry parameter g and ωo.  

 

Fig. 2. The process scheme to retrieve the single scattering albedo (2) and the ground 
albedo (1) by comparing JNO2(down) and JNO2(u)p/JNO2(down) measured (here by an 
actinometer) and ones estimated by a radiative transfer model (here TUV).  

 

 

The ground albedo ξ is also required to perform the calculation. Firstly ξ values 

throughout the day has been assessed by comparing the ratio JNO2(up)/ JNO2(down) measured 

and calculated with a fixed value value of ωo  = 0.9.  The retrieved ξ were then used as 
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input of the radiative model to assess the new values of ωo. Note that this previous 

iterative procedure  is reliable in condition that the retrieved ξ is weakly sensitive with 

ωo. This point has been anyway checked. 

 

2.4 Experimental measurements. 

During the INDOEX campaign, measurements of parameters required to assess ωo as 

JNO2, αext(z), Å and g were available at Goa. The instrumental site is well described in the  

previous paper of Léon et al. (2001) and is not anymore detailed here.  

Photolysis rate JNO2. Actinic fluxes have been measured by means of an optical 

actinometer (manufactured by Metcon, Glashütten, Germany). The absolute calibration to 

convert the actinic flux into JNO2 is based on comparisons with a chemical actinometer. 

The actinometer device is made up of two identical detectors with uniform response over 

2π sr, which gives upward and downward actinic fluxes from which provided JNO2(up) and 

JNO2(down).The measurement accuracy is close to 1%. However due to a failure of the 

downward part of the detector, JNO2(up) and JNO2(down) are only available simultaneously on 

3 days of March, 1999. Consequently we worked essentially with JNO2(down) values. 

Fig. 3 shows JNO2 throughout the day of March 4, 1999. The dotted curve represents the 

JNO2 measured by the actinometer and the solid curve is the result of TUV simulations 

with given ωo values. We note that with adequate input aerosol parameters TUV can 

restitute very well the JNO2 measured. The maximum signal of JNO2 during the day is 

close to local noon and is in ranges between  7. 10-3 and 8.10-3 s-1 for the IFP period.   
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Fig. 3. Measured and simulated JNO2 as a function of local time at Goa on 4 of March, 
1999. 
 

Extinction coefficient αext(z) and Angström exponent Å. αext(z) provided from micropulse 

lidar signals (Spinhirne, 1993) used in synergy with a sun photometer data measuring the 

column-integrated aerosol optical thickness τ (Chazette, in press). The relation between 

αext  and τ  is given by the relation (2). Measurements of τ were performed at the 

wavelengths of 440 (τ440), 670 (τ670) and 870 nm and are available on the AERONET 

website. Å which is the spectral dependence of τ and αext can be derived in the visible 

domain from τ440 and  τ670  as given by the Angström (1964) relation (3). 

 



 10 

dzz)(
0
∫
∞

= ατ        (2)  

















=

670
440

Å 440

670

Ln

Ln τ
τ      (3) 

 

The absolute accuracy on τ essentially from calibration error is 0.02 (Tanré et al., 1988). 

As results, the uncertainty on Å an is about 7% (Hamonou et al. , 1999). At noon during 

the IFP, τ440 varied between 0.5 and 1.05 with a mean value of 0.72 and Å varied 

between 1.17 and 1.5, with a mean value of 1.38.  

Asymmetry factor g. Thanks to multispectral measurements of τ and multiangular sky 

radiance measurements, Dubovik et al. (2000) set up an inverse method which provides 

aerosol phase functions (AERONET network). Thanks to Mie theory, we have deduced g  

within the atmospheric column. We estimated the relative accuracy of g to be about 3% 

according to the accuracy of the phase functions. As results, g was fairly constant close to 

0.67 ± 0.02 at 440 nm during the IFP. At the surface, a three-wavelength nephelometer 

gave also g values between 0.55 and 0.65 at 440 nm (Léon et al., in press).   

 

2.5 Assessment of the ground albedo 

The ground albedo ξ was not measured at Goa and has been assessed following the 

iterative process presented in Fig. 2. Comparison between both measured and calculated 

individual ratios JNO2(up)/JNO2(down) has been performed with a fixed ω0 = 0.9. This 

assumption on the ω0 value is valid in condition that ξ is weakly sensitive with ω0. Tests 

have been conducted by assessing ξ when ω0 varied in a possible range between 0.7 and 
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1. This interval corresponds with reasonable values of ω0 for anthropogenic aerosols 

(Ramanathan et al., 2001). The simulations were performed with a mean representative 

aerosol loadings observed during the IFP over Goa corresponding with: τ440 = 0.72, Å = 

1.38, and g = 0.67 at 440 nm. As shown in the Fig. 4, ξ appears to weakly vary with ω0  

changes at each considered time.  
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Fig. 4.  Assessed ground albedo for different values of ωo at different local hours by 
comparing JNO2up/JNO2down measured and simulated. The other aerosol parameters were 
fixed at mean values observed during the IFP: g = 0.67  (440 nm), τ = 0.72 (440 nm) and 
Å=1.38. 
 

ξ is a function of the solar zenith and azimuth angles and its daily variability has to be 

taken into account. JNO2(up) and JNO2(down) were simultaneously available for only 3 days 

during the campaign. However it is sufficient to assess the temporal evolution of  ξ  
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because the ground characteristics did not change during the IFP. Fig. 5 shows ξ situated 

between 0.09 and 0.14 with a minimum value close to noon for the spectral region of 

300-400 nm. Hereafter we shall use mean values on the 3 days.  
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Fig.5. Daily variations of the ground albedo for the spectral region of 300- 400 nm on the 
site of Goa on three days where JNO2(up) and JNO2(down) were available 
simultaneously. 

 

 

3. Sensitivity studies 

3.1 Spectral dependence of the aerosol parameters 

Behaviors of ωo , g and Å as a function of the wavelength? λ were simulated by means  

of the Mie theory using both aerosol size distributions and refractive indexes from 
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AERONET network. The results are shown in Fig.6. We are mainly interested with the 

spectral interval ∆λ between 300 and 400 nm.  

Asymmetry factor. Results displayed on Fig. 6 indicate a linear dependence of g(λ) within 

∆λ, as well demonstrated by Ross and Hobbs (1998). This linearity was taken into 

consideration to calculate JNO2 inside TUV by introducing values of g at two wavelengths 

always thanks to Mie theory.  
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Fig. 6. Spectral dependences of the Angstrom exponent (dashed line), the asymmetry 
factor (dotted line) and the single scattering albedo (solid line) in the case of the 
mean aerosol characteristics retrieved over Goa during INDOEX. Interval to be 
considered is between 300 and 400 nm (solid arrow). 
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Angström exponent. Inside ∆λ,  Å(λ) is quasi-linear with a variation of 8% comparing 

with the mean value of 1.23 at 440 nm. However the measurements of Å that we dispose 

are in the range between 440 nm and 670 nm, here with a maximum value of 1.33 in the 

Fig. 6. There is 7% difference between 1.33 and 1.23. The uppermost uncertainty on Å 

from the spectral dependence can be then considered to be close to 11%. 

Single scattering albedo. ωo(λ) is fairly constant within ∆λ with less than 0.6% variation.  

Å(λ) and ωo(λ) will be considered constant inside TUV calculations. Nevertheless the 

lack of accuracy on retrieving ωo induced by such spectral variations will be assessed and 

considered in the error budget.  

 

3.2 Influence of scalar parameters  

The JNO2 behavior issued from TUV has been observed when a parameter varies. JNO2 

was calculated each time with different values of one parameter, while the rest of the 

input parameters take representative values of aerosol loadings during the IFP as to assess 

ξ (c.f 2.3). The variability of the solar zenith angle were always considered by 

performing simulations at different representative local hours: 9 am, 12 am and 3 pm.  

According these sensitivity studies, the uncertainties from the measurement, the 

assessment or the spectral dependence of each input parameter were taken into account in 

order to evaluate their impact on the calculated JNO2. Table 1 summarizes the 

corresponding uncertainties on JNO2 at different hours.  

Angström exponent. A non negligible decrease of JNO2 with the increase of  Å is observed 

in the Fig. 7. Knowing Å uncertainties from previous consideration, the impact of Å on 

JNO2 may lead to 2.3 and 1.2 uncertainties at 9 am or 3 pm, and 12 am, respectively.  
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Fig. 7. Sensitivity of JN02 with Å variations at different local hours. The rest of the 
parameters  take mean values: ξ = 0.1, ωo = 0.9, g = 0.67 and τ440 = 0.72. 

 
Table 1. Absolute accuracy of the retrieved ωo by the present method derived from the 

different uncertainties issued from measurements or assessment of each used 
parameter. 

 Uncertainties from Uncertainties from Goa local time  !mpact on JNO2   

  measurement/assessment spectral dependence      

Aero. extinct.  profile 5% (Chazette, in press)   3%   

Angst. Exp. 7% (Hamonou et al., 1999) 11% (this paper) 9 am 2.30%   

   12  am 1.19%   

   3 pm 2.23%   

Ground Alb. 3% (this paper)  9 am 2%   

 2% (this paper)  12 am 1%   

 3% (this paper)  3 pm 2%   

Column. Opt. Thick. 0.02  (Dubovik et al., 2000)  9 am 1.30%   

   12 am 0.60%   

   3 pm 1.00%   

Asym. Param. 3% (this paper)  9 am 0.74%   

   12 am 0.08%   

   3 pm 0.60%   

    

 
 

Total impact  
on JNO2  

Accuracy expected on 
the retrieved  

Sing. Scat. Alb.   

 

     9 am 4.68% ± 0.04  

     12 am 3.58% ± 0.03  

     3 pm 4.56% ± 0.04  
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Ground albedo. As shown in Fig. 8, JNO2 is an increasing function with ξ with a 

sensibility more important close to noon. Knowing the uncertainties from ξ assessment, 

its expected impact on JNO2 is close to 2% and 1% at 9 am or 3 pm, and 12 am, 

respectively. 
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Fig. 8. Sensitivity of JN02 with ξ variations at different local hours. The rest of the 
parameters  take mean values: ωo = 0.9, g  = 0.67 (440 nm), τ440 = 0.72 and Å = 
1.38. 

 
 
Optical thickness. JNO2 is very sensitive with the column-integrated τ440 as it is shown in 

Fig. 9. An increase of τ440 induces an important decrease of JNO2. For the mean value of 

τ440 = 0.72, an absolute uncertainty of 0.02 corresponds with uncertainties close to 1% on 

JNO2.  

Asymmetry factor. Fig. 10 shows JNO2 as a function of g. JNO2 appears to be weakly 

sensitive with g uncertainties with 0.75% impact. The spectral dependence of g has been 

anyway considered for these simulations. 
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Fig. 9. Sensitivity of JN02 with τ440 variations at different local hours. The rest of the 

parameters  take mean values: ξ = 0.1, ωo = 0.9, g = 0.67 and Å = 1.38.  
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Fig. 10. Sensitivity of JN02 with g variations at different local hours. The rest of the 
parameters  take mean values: ξ = 0.1, ωo = 0.9, τ440 = 0.72 and Å = 1.38. 
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3.3 Influence of the aerosol vertical profile 

Three layers at 1, 1.5 and 2 km above the sea level (ASL) were considered, in which 

αext(z) is constant in respect to the τ measured by the sunphotometer knowing the relation 

between τ and αext. For these different hypothesis on the vertical distribution of the 

aerosols, Fig. 11 gives the evolution of ωo at 12 am from February 25 to March 23. A 

significant difference on the retrieval of ωo  exists following the layer top considered. A 

difference of 1 km on the layer top may lead to a non-negligible difference up to 0.08 on 

the retrieved ωo. The knowledge of the vertical profile of the aerosol extinction 

coefficient is primordial for a correct assessment of the actinic flux and then of ωo. More 

realist profiles are then required for each case to assess more precisely ωo.  
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Fig. 11. Influence at local noon of the aerosol vertical distribution on ωo retrievals by 
supposing different uniform aerosol layers of 1, 1.5 and 2 km top height, and real 
vertical profiles of aerosol extinction coefficient obtained from lidar 
measurements.  
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3.4 Total uncertainty on the retrieval of ωo 

The different sources of error playing a role on the assessment of ωo  can be considered 

independent. Fig. 12 reveals the  high sensitivity of JNO2 as a function of  ωo. It constitutes 

the main reliability of the method to deduce ωo values from the a priori knowledge of 

JNO2. Including each possible error shown on the Table 1, the absolute uncertainty on the 

retrieved ωo is estimated to be close to 0.04 and 0.03 at 9 am or 3 pm, and 12 am, 

respectively. Outside these hours, the signal to noise ratio of the actinometer 

measurements becomes too weak to obtain a ωo with a reasonable accuracy. 
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Fig. 12. Sensitivity of JN02 with ωo  variations at different local hours. The rest of the 
parameters  take mean values: ξ = 0.1, g = 0.67, τ440 = 0.72 and Å = 1.38. 
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4. Results and discussions 

4.1  Daily variability   

   Continued measurements of JNO2 (record every 5-10 mn) enable to have ωo  

evolution between 9 am and 3 pm. As the importance of real distribution of αext(z) was 

underlined above, profiles from lidar measurements were used to assess ωo. Fig. 13 

shows the results for the period between 2 and 13 of March when lidar measurements 

were available at Goa (Chazette, in press). Even if ωo behavior appears to be different at 

each day, its variation throughout the day remains  relatively small with a mean value 

close to 0.91. Chazette (in press) shows that BER = ωo*Pπ from lidar and sunphotometer 

measurements, where BER is the normalized backscatter to extinction ratio and Pπ is the 

backscatter phase function, remains constant during the day. It confirms that the 

characteristics of the aerosol atmospheric in the column during our period vary weakly in 

agreement with our results. 

 

4.2 Day to day variability. 

Reconsidering the particular case of noon, ωo estimated with lidar profiles from 2 to 13 of 

March is between 0.88 and 0.93 (Fig. 11). Such a variability remains included within the 

error bar of 0.03 and could be not significant. Nevertheless, according with the Figure 11, 

retrieved ωo using the lidar data has been shown to be close to the ones provided from 

uniform aerosol layers between 1.5 and 2 km of altitude. We have then supposed for the 

whole IFP period that the equivalent monsoon layer top is situated between 1.5 and 2 km 

above the surface. Such assumption may help to analyze on a larger period even if lidar 
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data were not available and to have more day to day evolution of ωo. As results, Fig. 11 

show that ωo at noon is expected to significantly decrease after March 16 from ∼ 0.91 to ∼ 

0.83. The same behavior is noted with simulations of ωo close to 9 am and 3 pm for the 

same IFP. It may signify an evolution in the aerosol characteristics , which seems to be 

more absorbent. 
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Fig. 13. Daily variations of ωo during INDOEX (circles) for the period where lidar 
measurements were available. The vertical bar represents the absolute accuracy at 
different hours of the day.   

 

4.3 Discussions 

ωo obtained by several methods in this region of Indian Ocean are summarized by 

Ramanathan et al. (2001). They are in ranges between 0.85 and 0.9 for the near surface 

and between 0.8 and 0.9 above the surface layer. At Kashidoo, 700 km in South of India 

subcontinent, a method using model and photometer/radiometer measurements proposed 

for the column averages ωo about 0.86 to 0.9 (Satheesh et al., 2000). These results are in 
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very good agreement with the ours. There is however a difference of localization. 

Kashiddo is indeed characterized by its remote location away from major human 

activities and Goa is located at the source of pollution directly produced from the 

continent. Ramanathan et al. (2001) remarked that this narrow range of the mean ωo  

founded in this whole region (0.85 to 0.9) is surprising in view of the diverse sources and 

processes influencing the formation and evolution of continental aerosol. They may be 

due to the widespread of the aerosol sources and the mixing of the aerosol by the 

persistence of the monsoon flow. All the retrieved ωo in this region represent anyway a 

highly absorbing aerosol. The absorption observed in the aerosol plume during INDOEX 

results mainly from carbon originating from biomass burning and fossil fuel combustion, 

and with a smaller contribution from mineral dust (Satheesh et al., 1999; Shwartz and 

Buseck, 2000). The decrease of ωo expected since March 16 may be due to two 

hypothesis: either due to more important biomass burning activities effectively observed 

(Léon et al., in press) whether due to arrival of dust particles from the African continent 

and the Arabian peninsula. For the former, there may be an important production of little 

particles so because of the coating phenomenon, the absorption may increase (Redeman 

et al., 2001). For the latter assumption, dust particles are absorbent and the mixture with 

the anthropogenic aerosols may result to a lower value of ωo than without dust 

(Takemura et al, 2002).  
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5. Conclusions 

An iterative process based on comparisons between JNO2 measured by an optical 

actinometer and JNO2 calculated by a radiative transfer model TUV (Madronich, 1987) 

enable us to set up a new method to retrieve the single scattering albedo (ωo) within the 

atmospheric column. The method was applied to evaluate ωo in the frame of the 

INDOEX campaign in India from the coastal site of Goa during the winter monsoon of 

1999. Real vertical profiles of the extinction coefficient are indispensable and were 

obtained from lidar measurements. The uncertainties on the retrieved ωo in the 

atmospheric column is linked to both the measurements and the spectral dependences of 

each aerosol parameter, and additionally provided from the  ground albedo assessment. As 

results, the absolute relative uncertainty on ωo has shown to be 0.03 close to noon and to 

be 0.04 at both 9 am and 3 pm. Throughout the day, there is practically no variation of ωo  

values with a mean value close to 0.91. As for the day by day evolution at noon, ωo does 

not also vary between 2 and 13 of March where lidar data were available. However by 

extrapolating with results with an aerosol layer between 1.5 and 2 km, a significant 

decrease of ωo  from 0.9 to 0.83 is expected after the 16th of March. Such a behavior may 

be due to a presence of more absorbent aerosol linked to more intensive biomass burning 

activities or mineral dust advection. The ωo resulting from the present technique and 

those from other methods are in good agreement. All the retrieved ωo values in this region 

indicate a remarkably large absorption component of the aerosol, which should enable to 

more determine the anthropogenic contribution of the aerosol to the radiative forcing.  
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