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1.- Introduction 
 
Smoke aerosols, from biomass burning, are 
recognized as one of the two main anthropogenic 
aerosols (the other is the sulfate aerosol from 

atmospheric pollution) which are influencing the 
climate.  
Current research is trying to improve the estimations 
on climate impact due to anthropogenic aerosols by 
reducing the uncertainty on the observed data and 
model calculations. Recent estimates suggest a 
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RESUMEN 
 
Los aerosoles generados por la quema de biomasa son actualmente reconocidos como uno de los dos tipos de 
aerosoles antropogénicos (el otro son los aerosoles de sulfato) que están influyendo en el clima. La meta 
fundamental de este trabajo es estimar el impacto en el clima debido a los aerosoles provenientes de las  dos
regiones principales de quema de biomasa en el mundo: África (central y sur) y el Amazonas. Datos de 
AERONET (Red Robótica de Aerosoles), un modelo de aerosol de humo, y la teoría de Mie, son utilizados
para caracterizar las propiedades espectrales óptico/radiativas de las partículas de humo. Tales propiedades son 
introducidas en el contexto del esquema radiativo del NCAR-CCM3. Los resultados son obtenidos para la 
radiación neta y la temperatura en superficie. Los análisis estadísticos de los resultados muestran las regiones 
donde los cambios en los campos estudiados son relevantes y debidos a los aerosoles de humo. 
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global-mean direct radiative forcing around -0.2 
W/m2 for biomass burning aerosols with an overall 
uncertainty of 85%, while for the indirect effect a 
forcing around -1.0 W/m2 is estimated but with an 
uncertainty even higher.  
 
The main goal of this work is to estimate the climate 
impact due to aerosols coming from two of the main 
biomass burning regions in the world: Africa 
(central and south) and the Amazon. Data from 
AERONET (Aerosol Robotic Network), a smoke 
aerosol model, and Mie theory are used to 
characterize the spectral optical/radiative properties 
of the smoke particles. Both the direct and indirect 
effects of the smoke aerosols are put into the context 
of the general circulation model NCAR-CCM3 to 
carry on the climatic study. The results are obtained 
by comparing 10-yr simulations of the “control” 
case (standard CCM3 case, no smoke aerosols 
included) and two “smoke” cases (with both smoke 
aerosol effects included). Results for fields such as 
the net radiation at surface and the surface 
temperature are presented. Statistical analyses of the 
results show the areas where the changes on the 
fields due to smoke aerosols are relevant. 
 
2.- Methodology 
 
The method is briefly described as follows: 
 
a) Processed data from the Aerosol Robotic Network 
(AERONET) is used to obtain monthly aerosol 
optical depth at 670 nm of the smoke aerosols in the 
Amazon and central and south Africa where the 
biomass burning is significant.  
 
b) The smoke aerosol optical model from Remer et 
al. [1] is used to calculate the smoke aerosol size 
distributions by using the information from 
AERONET. 
 
c) By assuming the “best" complex index of 
refraction for smoke aerosols and by using the 
calculated aerosol  size distributions a Mie theory 
code [2] is used to  compute the optical properties of 
the  smoke aerosols, i.e. the spectral optical depth, 
single scattering albedo and asymmetry coefficient.  
 
d) The above information is introduced into the 
radiation code of a GCM, the NCAR-CCM3 (for 
simplicity CCM3 hereafter), which uses the δ-
Eddington approximation to solve the radiative 
transfer equation.  The CCM3 model have to be 
modified in order to replace the original  
“background” aerosol by the new smoke aerosol in 
the biomass burning regions during the year. This is 
how the direct radiative properties of the aerosol are 
simulated. 
 

e) From analysis of the AVHRR satellite data in the 
Amazon area, Kaufman and Fraser [3] provided a 
relationship for the rate of change in the cloud 
droplet effective radius with a change in the smoke 
optical thickness τ. By combining the above with the 
calculated visible optical depth of the smoke, the 
indirect radiative effect of the biomass burning 
aerosols is simulated in the context of CCM3. This 
scheme only represents one of the features that 
totally characterize the indirect effect of the 
aerosols.  
 
f) Two ten-year simulations of the CCM3 are carried 
on. One is the control case which does not include 
smoke aerosols on it, and the other case incorporates 
the smoke aerosol optical properties into the CCM3. 
The results are given comparing these three cases 
and performing a Bonferroni test for the statistical 
significance of the results. 
 
3.- Results 
 
Figure 1 shows the AERONET Level 2 sites, which 
is the highest quality data available on the web [4]. 
 
 

 
Figure 1.- AERONET sites, Level 2. 
 
 
Figure 2 shows the 20 AERONET stations chosen 
for this study based on the availability and quality of 
the data from 1993 to 2001. 
 

 
Figure 2.- AERONET sites chosen for this study. 
 
Figure 3 shows the calculated monthly aerosol 
optical depths for two sites, one in the Amazon and 
the other in central west Africa. The whole analysis 
showed that the central African region is the one 
with the highest optical depths during the year. 
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Obviously the aerosols from this region has some 
dust aerosol mixture from the Sahara, however, 
satellite data shows that biomass burning is quite 
significant in this region. 
 
Figure 4 shows a comparison of the two studied 
cases of the net solar flux at surface for the three 
source regions considered here and the world. Note 
the quite strong reduction of the flux (up to -30 
W/m2) in the smoke aerosol case mainly during the 
dry seasons. Even the world ‘feels’ a small reduction 
in September and October.  
 
Figure 5 shows the net solar flux at surface (FSNS) 
results as a 10-yr average of the two dry seasons: 
March-April-May (MAM) and September-October-
November (SON). The top figures indicate the 
results for the CCM3 control case. In the middle the 
differences SMOKE-CONTROL case are plotted in 
addition to the areas (stippled) where a 95% of 
statistical confidence is obtained in the results 
(regular t-test). In the bottom, the same results as the 
last, but after a Bonferroni test (explained at the next 
subsection) is applied for a 95% confidence. The 
results clearly show a strong reduction in FSNS in 
the surroundings of two of the source areas, the 
Amazon and CW Africa. The statistical tests support 
the fact that these changes are due to the biomass 
burning aerosol effect. 
 
 

 

 
Figure 3.- Calculated aerosol optical depths for two 
different AERONET sites using Mie theory. 
 

 
Figure 4.- Net solar flux at surface for the three source 
regions considered here and the world.  
 
Figure 6 shows the results for the surface 
temperature (TS) field. As expected, it is observed 
that in this case, the influence attributed to the 
smoke aerosols was ‘washed out’, and only a small 
part inside the source regions showed statistical 
significance. However, the reduction in TS because 
of the smoke aerosol was between 1 and 2 degrees in 
these small areas.  
 
3.a.- On the Bonferroni correction 
 
Due to the fact that this work deals with multiple 
comparisons of different GCM grid points, theory 
states that by performing a simple Student's t-test is 
not the best method to probe significance. The 
reason is that some of these points could be showing 
significance just by chance [5]. To reduce this risk, it 
is applied here a simple and well-known test in 
multivariate statistical analysis called the Bonferroni 
method of multiple comparisons [5]. 
The Bonferroni method consists in adjusting the 
level of significance, 1-α (which for 95%, α = 0.05), 
where α now becomes α’ = α/m. The parameter m is 
directly related with the number of “independent” 
tests done. This number, m, can be estimated by 
dividing the number of total GCM grid points over 
the number of grid points of our characteristic area 
[6]. This work deals with a T42 resolution grid 
which has a total of 128 longitude grid points and 64 
in the latitude, giving a total of 8192 points. On the 
other hand, it is assumed an area similar to the 
Amazon region of study as the characteristic area 
which contains 6 grid points in the latitude and 7 in 
the longitude giving us a total of 42 points. Thus, we 
get m ≈ 195, and α’ = 0.05/195 = 0.000256. This 
means that instead of plotting the results which show 
significance at the usual 95% confidence interval, it 
should be done as if it were at the 99.97% 
confidence level by considering the Bonferroni 
correction. 
 
Summary 
 
It was shown that the biomass burning aerosols from 
central Africa are the most influencing by 
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significantly decreasing the net radiation at surface 
(up to -30 W/m2 during March in the central west 
Africa region) throughout the whole year. However, 
the Amazon has also an important contribution 
during its dry season.  
In the whole, the results showed that the biomass 
burning aerosols have an important “cooling” effect 
just close to the source regions. As expected, the net 
radiation at surface was much more sensitive than 

the surface temperature to the presence of smoke 
aerosols. 
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Fig. 5. Net solar flux at surface (FSNS) results as a 10-yr average of the two dry seasons: March-April-May (MAM) and 
September-October-November (SON). 
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Fig. 6. The same as Fig. 5 but for the surface temperature (TS) field. 
 
 


