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ABSTRACT 
Atmospheric aerosols modulate the radiative budget and ambient air quality of the atmosphere, thus, there is a need to 
develop both analytical and computational methodological techniques that determine their physical, chemical, optical and 
radiative properties in order to characterize and model their environmental effects. This paper embodies the results of the 
derivation of radiative characteristics of the atmosphere over Nairobi, Mbita and Malindi using aerosol data obtained from 
sun spectrophotometry from 2006-2008. Aerosol optical depths (τ), single scattering albedo (ω), angstrom exponent (α), 
asymmetry factor (g) at zero Solar Zenith Angle (SZA) were derived through AErosol RObotic NETwork (AERONET) 
framework. The Coupled Ocean and Atmosphere Radiative Transfer (COART) model was then used to solve a radiative 
transfer equation (RTE) for an atmosphere modulated by aerosols of different particle sizes. Utilizing the integrated fluxes, 
radiative forcing due to atmospheric aerosols was estimated, and found to remain relatively constant at 0.46 K/(W/m2) for 
all the three sites despite the observed differences in the various aerosol particle properties that is physical, mode of gen-
eration, chemical and number densities dominating the sites.  This value was slightly lower as compared to the combined 
global anthropogenic radiative forcing estimated to be +1.6 [-1.0, +0.8] W/m2. 
Keywords: Radiative forcing; integrated fluxes; radiative characteristics, Kenyan atmosphere 
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1. Introduction 
 Aerosols directly affect the radiation 
budget of the atmosphere by absorbing and 
scattering solar radiation. Scattering of incom-
ing solar radiation by aerosols yields a cooling 
effect on the Earth’s atmosphere, while its ab-
sorption yields a warming effect. These effects 
are highly dependent on the coupled influences 
of the physical, chemical and optical properties 
of the predominant atmospheric aerosol types 
over a given region. Aerosols also indirectly 
modulate the radiative budget of the Earth by 
modifying the properties of clouds. They do 
this by acting as Cloud Condensation Nuclei 
(CCN), which aid in the formation of cloud 
droplets (Alpert et  al., 1998). A constant liquid 
content acts as an enhancement in the cloud dr- 

oplet number through CCN which leads to an 
increase in cloud albedo. This indirect effect is 
also known as Twomey effect (Twomey, 1991). 

 Radiative forcing is the change in net 
(down minus up) irradiance (solar plus long-
wave; in W/m2) at the top of the Earth’s atmos-
phere or surface, due to secular changes in the 
atmospheric concentration of radiative active 
species e.g. aerosols. Global mean radiative forc-
ing due to indirect aerosol effects ranges from 0 
to -2 W/m2 inclusive of ice and mixed phase 
clouds, though the magnitude of any indirect 
effect associated with ice phase is  not known 
(IPCC, 2001). The total spectral irradiance (TSI) 
at the Earth’s orbit can be calculated knowing 
the sun’s radius, the photospheric temperature  



and the value of earth-sun distance; the result 
is approximately 1367 W/m2, with satellite 
observations indicating an average value of 
1367±4 W/m2. The impact of aerosols on cli-
mate depends on the radiative characteristics 
of the dominant aerosols over the atmosphere. 
The global annual mean direct radiative forc-
ing for five distinct aerosols is outlined by IPCC 
(2001). It shows that the direction of the an-
nual mean direct radiative forcing is aerosol 
particle composition dependent. 
 Studies reported by Hatzianastassiou 
et al. (2004) show that the atmosphere is 
heated by aerosols as much as 25 W/m2 with 
the highest values noted over areas character-
ized by strong absorbing mineral particles and 
high surface albedo (e.g., Sahara). It was also 
noted that the downward solar radiation at the 
Earth’s surface was drastically reduced due to 
the presence of aerosols by up to 30 W/m2 
(with the largest decrease noted over regions 
with high aerosol optical depths (τ)). An in-
crease in relative humidity increases the out-
going solar radiation over oceans through in-
creased aerosol scattering from about 1 W/m2 
to 2 W/m2. The combined anthropogenic ra-
diative forcing was estimated to be +1.6 (-1.0, 
+0.8) W/m2. This indicated that between 1750 
and 2005, humans have exerted a substantial 
warming influence on climate (Forster et. al., 
2007).  
 For sulfate dominated aerosols, most of 
the recent estimates yield a cooling effect of 
below 0.5 W/m2 on a global scale, which is due 
to the scattering of the incoming solar radia-
tion (Haywood et. al., 1997). It is also esti-
mated that a mixture of sulfates and soot domi-
nated aerosols (Hansen et al., 1997; Haywood 
et al., 1997) results in a warming of about 0.2 
W/m2.  The radiative forcing due to sulfate 
aerosols is -0.32 W/m2 while that of fossil fuel 
soot dominated aerosols is 0.16 W/m2, accord-
ing to the recent three dimensional chemistry 
transport model calculation (Myhre et al., 
1998). Calculated radiative forcing due to exte- 

rnal and internal mixture of sulfate and soot 
aerosols amounts to about -0.18 W/m2 and - 
0.02 W/m2 respectively (Haywood et al., 1997). 
On the other hand, radiative forcing due to mix-
ture of sulfate and soot as an external mixture 
was estimated as -0.16 W/m2 while an internal 
mixture for the same amounted to 0.10 W/m2 
(Myhre et al., 1998). Radiative transfer modeling 
through the Dust and Biomass-burning Experi-
ment (DABEX) by Johnson et al. (2009) over 
West Africa suggested a 130-160 W/m2 instan-
taneous reduction of downwelling solar radia-
tion by aerosol columns (15-18% of the total 
flux). 
 The aerosol optical properties that is 
aerosol optical depths (τ), single scattering al-
bedo (ω), angstrom exponent (α), asymmetry 
factor (g) at zero Solar Zenith Angle (SZA) that 
were used to derive the integrated flux were 
obtained in the AERONET framework (Holben 
et. al., 1998). The AERONET measurement sys-
tem is a solar-powered weather hardy roboti-
cally pointed sun and sky radiometer based on 
the CIMEL Electronique 318A technique. This 
instrument has approximately a 1.2°  full field of 
view and two silicon detectors for measurement 
of direct sun, aureole and sky radiance. It util-
izes 33 cm collimators which are designed for 
10-5 stray light rejection for measurements of 
aureole  3° from the sun. A robot mounted sen-
sor head is parked pointed nadir when idle to 
prevent contamination of optical windows from 
rain and foreign particles. The radiometer 
makes only two basic measurements, either di-
rectly sun or sky, both within several pro-
grammed sequences that are discussed in detail 
(Holben et al., 1998). The main objectives of 
AERONET are to assess aerosol optical proper-
ties, and validate satellite retrievals of aerosol 
optical parameters based on its ground measur 
ements (Holben et al., 2001). 
 The knowledge of radiative forcing of 
the atmosphere is key in the development of 
climate models that are used for prediction of 
climate change and modeling of aerosol impact  

4  JOURNAL OF METEOROLOGY AND RELATED SCIENCES            VOLUME 6 



on environmental pollution and human health. 
To obtain the integrated fluxes, a solution of a 
basic Radiative Transfer Equation (RTE) accord-
ing to the COART model was utilized. This was 
obtained under different assumptions i.e. a ho-
mogeneous atmosphere, whose radiative char-
acteristics is purely modulated by atmospheric 
aerosols; flat Earth surface and single layered 
atmosphere and plane parallel geometry as dis-
cussed by Zhonghai et al. (1994; 2006). Inte-
grated fluxes together with equilibrium global 
mean surface temperature change (ΔTs = -3°) as 
estimated in the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change 
(IPCC) were used. 
 To understand the radiative properties 
of an atmosphere under study, there are a num-
ber of aerosol campaigns, besides AERONET, 
that furnish information on aerosol optical 
properties through passive remote sensing. 
These include ground-based spectroscopic tech-
niques such as the Multi-axis Differential Optical 
Absorption Spectroscopy (MAX-DOAS) which 
may be used to retrieve aerosol profiles. The 
MAX-DOAS network has stations at different 
latitudes which can also be used for validation of 
satellite-based measurements of trace gases 
(Witrock et al., 2004). Indirect and Semi- Direct 
Aerosol Campaigns (ISDAC) is an intensive cloud 
and aerosol observing system that facilitates 
both aerosol and cloud studies over the North 
Slope Alaska. Carbonaceous Aerosol and Radia-
tive Effects Study (CARES) on the other hand is 
centered on making field measurements of dif-
ferent types of atmospheric carbonaceous aero-
sols and their climate effects (Ghan et al., 2008). 
 A number of operational satellite sen-
sors are also available from NASA. These include 
Total Ozone Mapping Spectrometer (TOMS) 
(Bowman and Krueger, 1985), Moderate Resolu-
tion Imaging Spectrometer (MODIS) on Aqua 
and Terra satellites (Badarinath et al., 2009) and 
Multi-angle Imaging Spectrometer (MISR) 
(Wickland (1991)) that is a-board instrument of  

 the Earth Observing System (EOS) spacecraft 
providing a globally, radiometrically calibrated, 
geo-rectified and co-registered imagery at nine 
viewing angles and four Vis-NIR spectral bands. 
Satellite-borne measurements have the advan-
tage that they can cover the entire earth in a day 
although only one or two observations can be 
made on a given position each day. Both ground 
and satellite based observations are vital for dif-
ferent situations as well as for cross-validation 
of each other. AERONET, which is a ground 
based network, was used in this study not only 
because of its availability over the sites under 
consideration but also due to the fact that we 
can obtain data as many times as possible over 
the sites of study per day. This aids in the moni-
toring of aerosol optical properties hence their 
radiative characteristics and forcing to monitor 
their contribution to climate change. 
 This paper intends to contribute to the 
understanding of short term changes in radia-
tive forcing of urban, rural and maritime atmos-
pheres of Kenya.  

2. Materials and Methods 

2.1 Determination of Aerosol Optical Properties 

 Aerosol optical depth (τλ) was derived 
based on the Beer-Lambert-Bouguer law 
(Holben et al., 1998)  

Vλ=VOλD-2exp(-τλM)    (1)               

where for each wavelength channel correspond-
ing to different aerosol particle sizes, Vλ is the 
digital voltage measured by the sun photometer 
at a wavelength λ, VOλ is the extraterrestrial volt-
age at wavelength λ as modified by the relative 
Earth-Sun distance (D) while M is the optical air 
mass. τλ is the total optical depth at a particular 
wavelength (τλ = τaλ + τRλ + τo3λ).  τaλ is the aero-
sol optical depth, τRλ  is the Rayleigh (air) optical 
depth component and τo3λ  is the ozone optical 
depth at a specific wavelength λ (Holben et al., 
1998). Direct sun photometric measurements 
include Vλ, VOλ, D and M from which τλ is de-
rived. 
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2.2 Radiative Characteristics 
 The integrated flux (total spectral irradi-
ance, TSI) and the equilibrium global mean sur-
face temperature change (ΔTs = 3°) was used to 
derive radiative forcing over the study sites ac-
cording to equation 6 below. Spectral irradiance 
Eo (z, λ), is the radiant energy flux per unit time in 
a given wavelength interval. The irradiance is 
obtained by integrating the radiance, which is the 
radiative solar power per unit solid angle in a 
particular direction, weighted with the cosine of 
the viewing zenith angle, μ=cosθ over all viewing 
directions in the hemisphere (2π steradians). 
The integration of spectral irradiance corre-
sponds to the solar integrated fluxes (TSI or 
global irradiance) over the entire spectrum arriv-
ing at the top of the terrestrial atmosphere. The 
change in solar activity of the atmosphere causes 
a variation in the TSI which is related to the spec-
tral irradiance (Eo (z, λ)) as shown in  Equation 2. 

                       (2) 
 
where z and λ represent the height and wave-
length respectively while the limits of integration 
can take on any desired wavelength range. 
 
2.3 Description of Study Sites 

 The three sites at which this study was 
undertaken are: Malindi  (2°S, 40°E) representing 
a maritime region (altitude 12m), Mbita (0° S, 34° 
E) representing a rural site dominated by agricul-
tural and biomass burning (altitude 1125m) and 
Nairobi (an industrial city site) (1°S, 36°E) 
(altitude 1650m). Nairobi’s sun photometer 
proximity to the industrial area allows for sys-
tematic monitoring of aerosols and pollution in 
this fast expanding metropolis. These sites  are 
shown in Figure 1. 

2.4 Radiative Transfer Modeling 
2.4.1 Brief Description of the COART Model 

 Coupled Discrete Ordinate Radiative 
Transfer (CDISORT) was used as a solver of ra-
diative transfer problem by COART model. 
CDISORT accounts for the change in refractive  

index at the layers interface. COART considers 
the atmosphere and ocean as one system and 
treats the ocean strata just as additional atmos-
pheric layers with different optical properties. 
Similar to the atmosphere, the ocean can also be 
subdivided into an arbitrary number of layers 
required to resolve the vertical variations of wa-
ter properties. COART models the absorption 
and scattering process in the atmosphere and 
ocean explicitly. This includes the scattering and 
absorption by molecules, aerosols, clouds, liquid 
water molecules and dissolved particulate mat-
ter in the ocean. Clouds have been ignored in 
this work. 
 COART calculates radiances and irradi-
ances at any level of the atmosphere and ocean 
in both narrow and broad bands. For the nar-
rowband spectra scheme, users can specify both 
the band (wavelength) limits and computational 
resolution arbitrarily. In this scheme, COART 
employs the LOWTRAN 7 band model (spectral 
resolution of 20 cm-1) and the molecular ab-
sorption database for the atmosphere. This cor-
responds to a wavelength resolution of approxi-
mately 0.5 nm at 500 nm and 8 nm at 2000 nm. 
For efficient broadband calculations of radiance 
and irradiance, COART divides the solar spec-
trum (0.2-4.0 µm) into 26 fixed wavelength in-
tervals; in each spectral interval, the k-
distribution technique parameterizes molecular 
absorption in the atmosphere using the HITRAN 
2000 database (Kato et al., 1999). In this work, 
it was assumed that the depth into the ocean is 
zero so as to let COART be used for the atmos-
phere–land system hence all parameters in 
equations 3 to 5 that seem to be relevant only in 
the case of an ocean are all ignored by COART so 
as to assume an atmosphere land system with 
the land being flat.  

2.4.2 Radiative Transfer Equation  

 The basic equation describing the radiative 
field through a plane-parallel medium is given 
by Zhonghai et al., (1994) and Zhonghai et al., 
(2006). 
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 where I(τ,μ,Φ) is the specific solar intensity 
(radiance) at a vertical optical depth τ measured 
downward from the upper boundary) in the di-
rection ( μ,Φ)  (μ, is the cosine of  the polar angle 
which is positive to the upward normal and Φ  is 
the azimuthal angle).  The source function  S
(τ,μ,Φ) is given by Equation 4                                                                                                                                       

Fig 1: Map indicating the three AERONET sites of study in Kenya 
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Where ω(τ) is the scattering albedo, P
(τ,μ,Φ,μ,Φ) is the phase function and Q(τμΦ)  
represents the actual internal source. The 
symbols μ and Φ  are the cosine of the polar 
angle and azimuthal angle of subsequent scat-
tered or absorbed solar radiation respectively.  
The solar beam source in the atmosphere is 
expressed by Equation 5 

 

 Where  μo  is the cosine of the solar zenith angle 
and is positive,  Φo   is the azimuthal angle for 
incident solar beam, and Fo is the solar beam 
intensity at the top of the atmosphere. The sym- 

bol η is the index of refraction of the land sur-
face relative to the atmosphere and τo  is the 
total optical depth of the atmosphere The first 
term in Equation 5 represents the contribution 



from the upward beam source reflected at the at-
mosphere-ocean interface because of the Fresnel 
reflection caused by the change in the refractive 
index between air and sea water. R(μo,η) is the 
ocean surface reflectance for the solar beam. For 
the purpose of simplification, several assumptions 
were made in this work to obtain a solution with a 
high degree of generality that can be used for solv-
ing real problems. Below are the assumptions un-
der which COART model solves the radiative 
transfer equation: 
 Only solar radiation is considered since it is 

strongly affected by the change in the refrac-
tive index due to aerosols and exhibits a much 
different transfer process in the coupled sys-
tem. The emission is neglected for us to obtain 
a homogeneous solution. 

 The specific intensity (radiance) is assumed to 
undergo anisotropic scattering and absorption 
of radiation in the coupled system.  

 The land surface is assumed to be flat so as to 
neglect other radiative effects caused by the 
roughness of the surface by setting the wind 
speed to 0 m/s. A depth of 0 m assumes a land 
case with a vegetation cover of chlorophyll 
content of 0.2 mg/m3. 

 The atmosphere-land system has uniform op-
tical properties since the system is not verti-
cally stratified (single layered).  

 Atmospheric perturbations are as a result of 
aerosols only with other atmospheric species 
well taken care of by correcting their influ-
ences from those of the optical properties 
used. 

 The Radiative Transfer Equation (RTE) is 
solved in a plane-parallel geometry. 

 The reflectance values obtained in this case 
are a combination of both surface and aerosol 
contribution that is similar to the case when 
determined by other standard methods 

By applying the above assumptions in solving 
Equation 3 together with appropriate quadrature 
and the discrete ordinate method as a solver, a 
general solution for the RTE that is suitable for the  

single layer coupled system can be obtained 
(Zhonghai et al., 1994). The general solution is 
the sum of both the homogeneous and particu-
lar solutions of Equation 3 with the boundary 
conditions applied according to the COART 
model. 

2.5 Radiative Forcing Concept 

 Radiative Forcing (RF) is the change in 
net irradiance at the tropopause after allowing 
for stratospheric temperatures to re-adjust to a 
radiative equilibrium, but with the surface and 
tropospheric temperatures and state held at 
the unperturbed values (Ramaswamy et al., 
2001).  A change in the net irradiance at the 
tropopause is of first order, a good indicator of 
the equilibrium global mean surface tempera-
ture change (ΔTs). ΔTs is related to the RF by 
Equation 6 defined as: 
 
                           (6)          

   where Ω is the climate sensitive parameter 
(integrated fluxes) over the study sites. ΔTs = -
3°C  as estimated in the Fourth Assessment Re-
port of the Intergovernmental Panel on Climate 
Change (IPCC). RF is expressed in terms of °C/

Wm-2 or K/(Wm-2) 

 

3. Results and Discussion 
3.1 Integrated Fluxes 

 Integrated Fluxes (IF) correspond to 
the integrations of spectral irradiance arriving 
at the top of the terrestrial atmosphere over 
the entire spectrum. Integrated Fluxes was de-
termined in the spectral range 440-1020 nm 
with a resolution of 10 nm using the COART 
model. The input parameters were aerosol op-
tical depths (τ), single scattering albedo (ω) 
and asymmetry factor (g) computed in the 
AErosol RObotic NETwork (AERONET) frame-
work. The variation of downward and upward 
integrated fluxes with optical air masses for all 
the study sites was similar to that shown for 
Nairobi in 2008 (Figure 1a-b). 
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Fig 1a-b: Modeled integrated fluxes of down and up irradiance at 12 km and 0 km above sea level for vary-
ing Solar Zenith Angles respectively over Nairobi in 2008 
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The 12 km atmospheric altitude was consid-
ered since it is the standard height at which 
air craft emissions into the atmosphere are 
prevalent. Also, the tropopause has its average 
altitude value at this point; here, aerosol con-
centration is known to be highest as assumed 
by many radiative transfer models (IPCC, 
2001). 
 From Figure 1, we note that both 
downwards and upwards integrated irradi-
ance decrease with increasing optical air mass 
factor increasing optical air mass factor 
(increasing SZAs). The net downward and  up-
ward integrated irradiance (their respective 
differences between the two atmospheric lev-
els) over Nairobi (2006-2008) was noted to 
vary inversely with aerosol number densities 
as noted in both Tables 1 and 2. Variations in  

net downward and upward integrated fluxes 
at zero SZA together with the up/downward 
ratio are shown in Table 1 for the periods of 
study.  Variations in integrated fluxes over 
Nairobi at the two atmospheric levels reflect 
the variation in aerosol number densities as 
indicated in Tables 1 and 2. An increase in 
aerosol number densities in the wavelength 
channels under consideration from 2006-
2007 time interval translates to an increase in 
the  up/down integrated flux ratio of about 
3.1%. Thus, an increase in aerosol number 
concentration increases attenuation of incom-
ing solar radiation through absorption and 
scattering of the incoming solar radiation. On 
the other hand, a decrease in aerosol number 
density from 2007-2008 translates to a de-
crease in the  ratio of  6.8% since incoming  



     Site    Year Net downward integrated ir-
radiance (W/m2) 

 Net upward integrated 
irradiance (W/m2) 

    
Up/down 

Nairobi    2006    121.98      12.89     0.1065 

   2007    103.24     11.33     0.1098 

   2008    118.38     12.09     0.1023 

Mbita    2007    114.36     11.97     0.1047 

Malindi    2008    130.76     14.15     0.1082 

Table 1: Variation in net integrated fluxes at the two atmospheric levels over the study sites. 
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solar radiation attenuation is enhanced be-
tween the two atmospheric levels.  We note 
that the up to down ratio in Table 1 remains 
virtually constant over the study sites. This im-
plies that the radiant flux lost due to the pres-
ence of aerosols in the entire spectrum under 
consideration over the three study sites is al-
most the same and significant changes can only 
be noted after a full solar cycle. Likewise, an 
increase in aerosol number densities from 
2006 to 2007 over Nairobi translates to an in-
crease in the radiant flux lost due to incoming 
solar radiation attenuation from the atmos-
phere as noted in the up/down ratio from Ta-
ble 1. The ratio remains relatively constant  

over the three sites of study; hence flux energy 
lost over the atmospheres from the sites of 
study is almost constant. 
 Note that an appreciable variation in 
the aerosol number densities over Nairobi was 
dominated by aerosol particles in the 675 nm 
and 870 nm wavelength channels. A significant 
aerosol number density increase of 45.7 % and 
49.5 % in both 675 nm and 870 nm wavelength 
channels respectively is noted for 2006-2007. 
This is attributed to a decrease in amount of 
rainfall events (of about 13.8%) which limits 
aerosol removal processes through washout in 
2006-2007. A decrease of 7.7% and 54 % in the 
same wavelength channels is also revealed  

Table 2: Average Aerosol Number Density Distribution over the Study Sites 

   Site    Year  Average aerosol Number Density (N) × 107/cm3 

 340 nm  380 nm  440 nm  500 nm  675 nm  870 nm 1020nm 

Nairobi 2006   16.24   11.89   8.35   6.88   1.97   1.02   1.10 

2007   24.58   16.52   11.55   8.16   3.63   2.02   1.35 

2008   19.81   15.04   9.87   7.14   3.35   1.85   1.35 

Mbita 2007   24.22   16.86   11.23   8.67   3.97   1.52   0.98 

Malindi 2008       13.8     4.47   2.53   1.71 

for 2007-2008 period; this is attributed 
to an increase of about 14.1% of rainfall 
received over Nairobi in the same pe-
riod. Aerosol number densities are thus 
important modulators of radiative forc-
ing since they influence the variation in 
the integrated fluxes and hence the cli-
matic system under study. 

3.2 Radiative Forcing Impacts due to Atmos-
pheric Aerosols 

 A positive change in the flux implies a warm-
ing effect on the Earth by the sun and vice versa for 
effect on the Earth by the sun and vice versa for a 
negative flux. Radiative forcing effects of aerosol par-
ticles on the surface of the Earth for the studied sites 
was accomplished by use of Equation 6 at zero SZA; 
the results are shown in Table 3. 



 Radiative forcing impacts due to aerosols 
remain virtually constant throughout the study 
period over Nairobi (2006-2007). Like wise, 
Mbita and Malindi reflect almost the same values 
as Nairobi. This implies that the impact of 
changes in secular climate drivers in these case 
aerosols on radiative forcing is almost uniform 
over the three sites and is approximated as K/
(W/m2). Consequently, it may be assumed to be 

Table 3: Radiative Forcing due to Aerosol Particles over the Study Sites  

Site Year Net Integrated Flux (W/m2) Radiative Forcing K/(W/m2) 

Nairobi 2006 592.74 -0.46 
2007 601.29 -0.45 
2008 590.46 -0.46 

Mbita 2007 593.73 -0.46 

Malindi 2008 578.97 -0.47 
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uniform over Kenya. This value is lower as 
compared to the combined global anthropo-
genic radiative forcing estimated to be +1.6 [-
1.0, +0.8] W/m2 by Forster et al. (2007). It is 
also important to note that radiative forcing 
due to aerosol is always negative since most 
of the dominating attenuation processes of 
the incoming solar intensity is scattering. 

4. Conclusions 

The radiant flux lost in the entire spectrum un-
der consideration remained constant resulting 
to a radiative forcing effect that is relatively 
constant for all three sites under consideration 
despite the observed differences in the various 
aerosol particle properties i.e. physical, mode 
of generation, chemical and number densities 
dominating the sites. Up/down integrated flux 
ratio remained virtually constant for 2006-
2008 over the study sites. Utilizing the inte-
grated fluxes, radiative forcing due to atmos-
pheric aerosols was estimated, and found to 
remain relatively constant at -0.46 K/(W/m2) a 
value slightly lower as compared to the com-
bined global anthropogenic radiative forcing 
estimated to be +1.6 (-1.0, +0.8) W/m2 for all 
the three sites despite the observed differences 
in the various aerosol particle properties domi-
nating the sites. The radiative forcing estimate 
due to atmospheric aerosols will be key in the 
development of climate models that are used 
for prediction of climate change and modeling 
of aerosol impact on environmental pollution 
over the study sites in Kenya. The radiative 
forcing estimate due to atmospheric aerosols  

will be key in the development of climate mod-
els that are used for prediction of climate 
change and modeling of aerosol impact on envi-
ronmental pollution over the study sites in 
Kenya. 
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