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ABSTRACT: 
 
Aerosol optical depth properties retrieved from two MFRSRs and CIMEL 
sunphotometer are intercompared at Gwangju, Korea (35°13`N, 126°50`E) 
during 4~27 February 2004. During the study period mean spectral AODs were
0.18±0.13 ~0.74±0.2 7 for different wavelengths. Average Ångström exponents 
calculated from MFR-7 and sunphotometer were 1.10±0.32 and 1.09±0.27, 
respectively. When Asian dust event occurred on 26 February, AODs and 
Ångström exponents from MFR-7 and UVMFR data were 0.47~ 0.98 and 0.42 
and 1.90.  
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1.- Introduction 
 Atmospheric aerosol is known to impact the 
earth’s climate by directly scattering and absorbing 
solar radiation and by indirectly modifying cloud 
lifetime and cloud albedo. However, to quantify 
these effects is still uncertain compared to other 
factors affecting the earth’s climate in predicting 
climate change1. Ground-based radiation 
measurements provide columnar aerosol radiative 
properties such as aerosol optical depth, Ångström 
exponent, single scattering albedo, phase function 
etc. Temporal and spatial radiation data for long 
time can evaluate the numerical models of aerosol 
optical behaviors to predict the effects of aerosol on 
climate change.  
 In this work we present aerosol radiative 
properties retrieved from collocated three different 
radiometers at Gwangju, Korea (35.13N, 126.50E) 
during February 2004.  

 
2. Methodology 
 
2.a. Instrumentation and research site 
 A VIS-MFRSR and an UV-MFRSR were used 
in order to measure the global and diffuse spectral 
irradiances and determine aerosol optical properties, 
such as the aerosol optical depth and Ångström 
exponent. Data was acquired from October 4 to 
November 19, 2002 on the rooftop of the 
Department of Material Science and Engineering 
building, inside the campus of Gwangju Institute of 
Science and Technology (GIST) at Gwangju 
(35º13’N, 126º50’E), Korea (Figure 1). The UV-
MFRSR measures the spectral UV irradiances 
centered at wavelengths 304, 311, 317, 323, 331, 
and 367 nm while VIS-MFRSR measures the 
spectral irradiances centered at 415, 500, 615, 673, 
and 870 nm. The measurement outputs from UV-
MFRSR and VIS-MFRSR are sampled every 20 
seconds and 15 seconds, respectively, and were 
averaged over one-minute intervals and saved into 
two separate YESDAS (Yankee Environmental 
Systems) data loggers. UV-MFRSR was calibrated 
prior to initial installationin February 2002) and the 
VIS-MFR was recalibrated in October 2001 by the 
manufacturer. CIMEL sunphotometer which has 
been employed at Gwangju since February 2004 as a 
part of NASA AERONET network gives the 
information about aerosol optical properties such as 
AOD in 440, 670, 870, and 1020 nm, Ångström 
exponent, single scattering albedo, etc. AOD is 
derived from direct sun radiance measurements and 
the accuracy  
 

 
 The GIST site is surrounded by urban area of 
Gwangju city in the south, by agricultural area in the 
north, and an industrial area in the west. 
 
2.b. Aerosol Optical Depth and Ångström 
Formula  

 Total atmospheric optical depth was 
determined by analyzing direct normal solar 
irradiance from the total and diffuse solar irradiances 
measured from the UV-MFRSR. Direct normal 
irradiance (DNSI) is calculated by subtracting 
diffuse irradiance (Imin) measured when the shadow-
band blocks the sun-disk from global irradiance 
(Imax) without blocking the sun-disk and by dividing 
the cosine of the solar zenith angle (θ). θcos  is 
equal to the inverse of optical air mass for a plane, 
parallel, nonrefracting, and uniformly mixed 
atmosphere  

 
θcos/)( minmax IIDNSII −==      (1) 

 
Beer-Lambert law provides the total 

atmospheric optical depth. Aerosol optical depth is 
determined by subtracting the contributions by 
Rayleigh scattering, total column ozone, and water 
vapor. Water vapor absorption is not considered 
since the wavelengths used in the UV-MFRSR are 
free from absorption by water vapor. 

)exp(0 mII totalτ−=      (2) 

aerosolRayleighwatervaporozonetotal τττττ +++=   (3) 
 

 where Io is the solar irradiance at the top of the 
atmosphere, I is the direct normal solar irradiance, τ 
is the total optical depth, and m is the air mass. Io is 
retrieved using the Langley regression method when 
the relative optical air mass is between 1.5 and 3 for 
UV-MFRSR, due to poor angular response when the 
solar zenith angle is below 70º, and between 2 and 6 
for MFRSR because the rate of change of the air 
mass is small at lower air masses, with higher air 
masses causing greater uncertainty due to refraction 
corrections that are increasingly sensitive to 
atmospheric temperature profiles2,3. 
The Ångström formula determines the spectral 
dependence of aerosol optical depth.  

  αβλλτ −=)(                        (4) 

where τ (λ) is the aerosol optical depth (AOD) at 
each wavelength, λ, β is a turbidity coefficient, and α 
is the Ångström exponent4. In this study the 
Ångström exponents were calculated from spectral 
AODs from the linear regression fit in the UV and 
visible-near IR ranges for UVMFR and MFRSR, 
and visible-near IR range for sunphotometer.  
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Figure 1. Study site of GIST at Gwangju, Korea (35.13N, 

126.50E) 

 
3. Results and discussions 
 
3.a. MFRSRs  
 Variations of aerosol optical depth (AOD) and 
Ångström derived from MFRSR and UV-MFRSR 
are shown in Figure 2. 1 min data were averaged to 
daily value. The AOD results showed a distinct 
anticorrelation with wavelength. Daily mean values 
of AOD varied from 0.39 to 1.20 at 304 nm and 
from 0.04 to 0.56 at 870 nm. The average values of 
AOD during the observation period were 0.74±0.27, 
0.74±0.30, 0.60±0.27, 0.57±0.27, 0.54±0.27, 
0.46±0.26, 0.39±0.23, 0.33±0.18, 0.29±0.18, 
0.27±0.16, 0.24±0.15, 0.18±0.13 at 304, 310, 317, 
323, 331, 367, 415, 500, 615, 673, and 870 nm. 
Ångström exponents at visible range (αvis) and at UV 
range (αuv) were 1.10±0.32 and 2.81±1.05, 
respectively.  
During the study period Asian Dust event was 
observed on 26 February. On this date AOD 
increased from 0.36 to 0.85 and 0.16 to 0.56 
compared to non Asian Dust period average at 415 
nm and 870 nm, respectively, while αvis decreased 
from 1.12 to 0.59. AOD at higher wavelength (2.5 
times) decreased more distinctly than at shorter 
wavelength (1.4 times). Comparing to the minimum 
AOD case, AOD increased by 4~5 times when 
Asian Dust event occurred on 26 February. Data at 
UV range were missing on 26 February.  
3.b. Sunphotometer 
 15 min AOD data were averaged into daily 
mean values from sunphotometer direct sun radiance 
and were plotted in Figure 3. The spectral AOD 
retrieved from sunphotometer also decreased with 
wavelength. The AOD varied from 0.13 to 0.57 and 
0.05 to 0.25 at 440 nm and 1020 nm, respectively. 
Daily average values during the period were 
0.31±0.15, 0.24±0.14, 0.18±0.09, 0.15±0.07, 
0.13±0.06 at 440, 670, 870, and 1020 nm, 
respectively. Ångström exponent was retrieved from 
the spectral AODs at 440, 670, and 870 nm. The 

average value was 1.09±0.27. When Asian Dust 
occurred only one set of AOD was retrieved and the 
values were 0.44, 0.31, 0.27, and 0.25 at 440, 670, 
870, and 1020 nm. Ångström exponent was 0.74 
which was much lower than the average value for 
non Asian Dust period (1.12).  
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Figure 2. Variation of aerosol optical depths (top) and 
Ångström exponents (bottom) retrieved from MFRSR and  

UV-MFRSR in February 2004 at Gwangju, Korea. 
 

AOD at 550 nm was estimated from AOD at 
500 nm and Ångström exponent for MFRSR and at 
440 nm and Ångström exponent for sunphotometer 
in order to compare the AOD results. The 
comparison result of AOD and alpha between 
MFRSR and sunphotometer was shown in Figure 4. 
The results of collocated vis-MFRSR and 
sunphotometer show good coincidence with 5% and 
3% difference in AOD and alpha retrieval, 
respectively. The regression analysis gives us a 
linear relationship of AOD and Ångström exponent 
between  MFRSR and sunphotometer as 
 

 05.077.0 +×= MFRsun ττ    (5) 
15.087.0 +×= MFRsun αα     (6) 

 
The correlation coefficients are 0.77 and 0.91 

for AOD and Ångström exponent, respectively. 
Namely, MFRSR retrieval is higher than 
sunphotometer results. Absolute values of AODs 
show poorer relationship, but Ångström exponent 
from the AODs shows better correlation. The 
instrument types and retrieval processes might 
attribute the difference. MFRSR is thermostat type 
and sunphotometer is not. MFRSR determines I0 
from measured irradiance and Langley method, 
while sunphotometer applies reference values of I0 
from calibration procedure. 

Single scattering albedo (total particulates) and 
asymmetry parameter (total particulates) were also 
retrieved from sky radiance of sunphotometer. These 
parameters were retrieved only for five cases. From 
Figure 5 which shows the values of single scattering 
albedo and asymmetry parameter calculated from 
sunphotometer at Gwangju, Korea. Single scattering 
albedo and asymmetry parameter at shorter levels is 
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usually higher than at longer wavelength. For five 
days observed, single scattering albedo varied from 
0.95 to 0.08 except on 16 February when the value 
was exceptionally low. Low single scattering albedo 
means higher absorption by particles. Usually single 
scattering albedo is believed to be near 1.0 for 
sulfate and marine aerosols and ranges from 0.5 to 
0.7 for dust and soot aerosols5,6. Thus lower single 
scattering albedo indicates the higher portion of dust 
and soot aerosols. However, spectral AODs were 
close to mean and Ångström exponent was higher 
than usual values which showed low possibility of 
dust effect. The study site is located outskirts of 
urban city and near agricultural area. Usually the 
atmosphere in February over the study site is 
affected by agricultural activities, particularly field 
burning to prepare rice cultivation. Carbonaceous 
aerosols, especially elemental carbon, emitted from 
field burning might absorbed the radiation and lower 
the single scattering albedo. We should be very 
cautious to conclude the reason for the low single 
scattering albedo since the evidence is not enough. 
Therefore, continuous monitoring of single 
scattering albedo and agricultural activities are 
necessary.   

Asymmetry parameter is usually relates to 
particle size distribution. The values ranged from 0.6 
to 0.73 for 5 cases.   
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Figure 3. Variation of aerosol optical depths and 

Ångström exponents retrieved from sunphotometer direct 
sun radiance in February 2004 at Gwangju, Korea. 
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 Figure 4. Comparison of alpha and AOD at 550 nm from 
MFRSR and sunphotometer retrievals. 
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Figure 5. Single scattering albedo and asymmetry 

parameter retrieved from sunphotometer in February 2004 
at Gwangju, Korea. 

 
 Aerosol volume size distribution for five 
days was retrieved using the AERONET inversion 
algorithm7 and and plotted in Figure 6. Particles 
were assumed to be sphere. Bimodal size 
distribution was observed with a fine mode peak at 
around 0.1µm and a coarse mode peak at around 3 
µm. Coarse mode is clearly dominant in 4 February 
and 18 February. For 18 February, Ångström 
exponent was relatively low (0.76), single scattering 
albedo was high (0.98), and asymmetry parameter 
was highest (except at 440 nm) even though AODs 
were not high. Therefore we can guess that large 
dust particles were transported to the study site. On 
the other hand fine particles were dominant on 16 
February. On this date single scattering albedo and 
asymmetry parameter was lowest inferring the fine 
particle dominance and is confirmed by particle 
volume size distribution result.  
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 Figure 6. Aerosol volume size distributions retrieved from 
sunphotometer for five days in February 2004 at Gwangju, 
Korea. 
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Conclusions. 
 The aerosol radiative properties from three 
different radiation instruments were retrieved and 
intercompared for some parameters. The correlation 
coefficients for aerosol optical depth at 550 nm and 
Ångström exponent were 0.77 and 0.91, respectively. 
The difference may be attributed to the retrieval 
process and instrument type. Asian Dust event on 26 
February increased 4~5 times of AOD compared to 
background condition of atmosphere and lowered 
the Ångström exponent to 0.59 which is half of 
background value of Ångström exponent. Due to 
cloud single scattering albedo and size distribution 
couldn’t be retrieved. Only five cases of single 
scattering albedo, asymmetry parameter, and aerosol 
volume size distribution were retrieved. For some 
cases the inferred results could be confirmed by the 
other parameters.  

 
 Newly installed sunphotometer was proved to 
be produce similar values of aerosol optical depth 
and Ångström exponent with existing MFRSR and 
provides more aerosol optical properties. Continuous 
measurements of sunphotometer at the study site 
will contribute to clarify the local aerosol optical 
properties more clearly.  
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