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Wavelength Dependence of Aerosol Optical Depth in 2003 at
Sri Samrong District of Sukhothai Province in Thailand
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Abstract

The dependence on wavelength of the atmospheric Aerosol Optical Depth (AOD) at Sri Samrong
district of Sukhothai province in Thailand were retrieved using multi-filter rotating shadowband radiometer
(MFR-7) data at 5 distinct wavelengths 0of 415, 500, 615, 673 and 870 nm with the consideration of Rayleigh
scattering and atmospheric column NO, and O; contents. Diurnal variations of AOD were accurately studied
for 5-day-period in January and March 2003. Results show that the range of atmospheric column amounts
of NO, and O; are 4-20 DU and 250-370 DU, respectively. The mean Angstrém’s parameters of p and o
determined via least-square fitting method are in the range of 0.097-0.380 and 0.910-1.442, respectively.
The obtainable results provide regional information of accurate spectral extinctions in Thailand which can

advantageously provide the acrosol database for radiative forcing study and research in the future.
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1. Introduction

Aerosol climate effects are more complex and
with large uncertainties [1] unlike the long-lived
greenhouse gases. Atmospheric aerosol is a very
important atmospheric trace component. Aerosols
display substantial and temporal variations due
to their short lifetimes within a week or less and
various natural and anthropogenic emission sources.
It deeply affects climate and land surface environ-
ment in both regional and global scales, whilst the
tropospheric aerosols, e.g. carbonaceous (black
carbon and organic carbon), sulfate and soil dust,
much influence on human health. Tropospheric
aerosol particles affect the Earth’s radiation budget
directly by scattering and absorbing solar and
terrestrial radiation and indirectly by modifying
the physical and radiative properties of clouds [2].
There is a rising awareness of the need to consider
aerosol particles in climate modeling and global
climate change. Aerosol Optical Depth (AOD) is
a key parameter for the climate and environmental
study, it is the extinction of the amount of incom-
ing solar radiation caused by atmospheric aerosols
which exists in various forms such as dust, fume
and mist [3]. AODs at different wavelengths are
related to their concentration, size distribution and
aerosol optical properties, since aerosol scattering
varies in complicated manner depending on size
distribution and indices of refraction of the aerosol
particles [4]. Until now many methods have been
proposed to retrieve AODs, for instance several
ground-based networks for aerosol optical proper-
ties were operated in East Asia [5] such as Aerosol
Robotic Network (AERONET) sun/sky radiometer,
SKYNET and the Asian Dust Lidar Network
(using micro-pulse lidar: MPL). From AERONET
database, AODs at 440 nm wavelength of Thailand
in 2003 were overestimated, because AERONET

retrieval algorithm neglected the contribution of
NO2 absorption to the retrieved optical depths [6].
And Shaw [7] confirmed that significant errors in
AOD estimates could be arisen if the absorption
by NO, was neglected. In 1999, Jacovides et al.
[8] retrieved aerosol spectral optical depths of the
polluted Athens atmosphere using ground-based
spectral solar extinction data. They indicated the
absorptions due to NO, and O3 by UV spectral
signature at specific wave band. Later in 2010 [9],
the retrieval algorithm of total atmospheric column
NO, amounts at 415 nm wavelength in 2003 at Sri
Samrong district of Sukhothai province (17° 0" 21"
N, 99° 49" 35" E), Thailand were carried out by
using MFR-7 as ground-based measurement of
solar irradiance data, and automatically AOD
value was obtained. Since the observation station is
located in countryside where has sunny continental
climate with a dominance of small soil dust
particles. Such topography was considered for
representing a characteristic of general unpolluted
rural area in Thailand.

In this work, we implemented the result at 415
nm wavelength [9] by analyzing other 4 wavelength
dataset in an attempt to improve a technique with
the minimization of possible errors for good
estimates of spectral AOD. Therefore the results
of accurate AODs and their spectral dependences
of 5 distinct wavelengths of 415, 500, 615, 673 and
870 nm, being subtracted by optical depths of NO,,
O3 and Rayleigh scattering retrieved from MFR-7
measurements over the atmosphere of Sri Samrong
region are shown to support the aerosols study in
Thailand. This also yields the regional information
of spectral extinction and systematic retrieval of
aerosol optical properties as by-product. Atmo-
spheric column NO,, O optical depths, AOD and

instrumental calibration constant retrievals were
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done by Langley analysis from cloudless-day data at
those 5 wavelengths. An identification of measured
data of clear sky periods was simply provided by
applying the normalized diffuse ratio variability
test [10] together with an elimination of both early
morning and late evening periods when solar zenith
angles are greater than 80° in average. Finally the
Angstrém exponent (o) and the Angstrom turbidity
coefficient (B) were additionally calculated with the
available AOD spectra in order to examine aerosol

particles in deep detail such as size distribution.

2. Instrumentation and Observation

MFR-7 [11] is a field instrumental that measures
global or total, direct and diffuse components of
solar irradiances with up to 7 wavelengths. It is
equipped with one broadband channel and six
narrowband channels with 10 nm FWHM centered
on 415, 500, 615, 673, 870 and 940 nm. A micro-
processor-controlled shadowband alternately
shades and exposes an instrumental diffuser,
enabling the system to measure all three irradiance
components by one detector. The band is rotated to
measure total irradiance and the diffuse horizontal
irradiance is measured when the sun is completely
blocked. In order to obtain the direct normal com-
ponent, total irradiance is subtracted from corrected
diffuse component and divided by the cosine of
solar zenith angle.

From the typical optical depths of atmospheric
constituents in the MFR-7 spectra [6], it was found
that aerosols and Rayleigh scatterings contribute
atmospheric extinction in all channels. The domi-
nant gaseous absorbers within the first five MFR-7
channels are NO, (at 415 and 500 nm) and O;
(at 500, 615 and 673 nm), although water vapor
absorption contributes dominant attenuation to the

solar radiation at 940 nm. And aerosol extinction of

the direct solar radiation of various wavelengths in
the range < 732 nm is usually larger than ones > 732
nm [10]. With all these properties, AOD retrievals
were firstly done from the measured data at 870
nm-channel since the extinction source is primary
aerosol with little contribution from gaseous
absorbers, and then daily AOD, NO, and O;
optical depths were preferably determined from the
measured data at the rest of 4 different wavelength-
channels (415, 500, 615 and 673 nm), while the
measured data at 940 nm-channel was unsuitable
for AOD study according to the reason mentioned

earlier.

3. Retrieval Algorithm

In order to optimize the good measured data for
AOD retrieval, the clear sky measured data should
be investigated and performed. Therefore, the
measured data was initially normalized by a power

law function of the cosine of solar zenith angle [10]:
D,= Dl/ wos (1)

where D . is the downwelling diffuse ratio short-
wave (the diffuse shortwave irradiance divided
by the total shortwave irradiance), D, refers to the
normalized diffuse ratio shortwave and p is the
cosine of solar zenith angle. The deviation data in
terms of normalized irradiance were excluded from
the clear sky periods with an assumption of the
presence of clouds and temporal variations in haze
or subvisual cirrus. The valid minimum number of
identified clear sky measurements is set at 120, to
assure the sufficient data for obtaining good results.
Consequently a process of retrieval algorithm for
the measured direct normal solar irradiance data of
daily clear sky periods is able to perform properly

for clear day at all 5 wavelength-channels. Due
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to the high absorption coefficients of NO, and O;
respectively at 415 nm and 615 nm, and very small
absorption cross sections of NO, above 600 nm,
therefore we neglected the optical depth of NO,
in this wavelength-region, and the algorithm for
retrievals of AODs, NO, and O; optical depths with
a simultaneous determination of the instrumental
calibration constants via Langley analysis of direct
normal solar irradiance data set were done via the

following equations [6]:

?é70 m= Tam+ Inc (2)
~
Tg15s M = (qT, + Tno,41s)m + Incyys (3)
-~
Tgis M = (9T, To, )M + Incgs 4

where Tg79, T415 and Ty, 5 stand for the total measured
optical depth with the removal of Rayleigh
component in each channel respectively, q and q'are
extinction ratio normalized to the 870 nm-channel
of 415 and 615 nm-channel respectively, and the
subscript a, NO, and O; are aerosol, NO, and Os.
Here c, c415 and cg;5 are instrumental calibration
constants with respect to 870, 415 and 615
nm-channel and m is the solar air mass relative to

unit air mass in zenith direction with a common air

mass formula [11]:
-1
m :[COS(Z) + 0-50572(96.07995-2)'1-6364} (5)

here z is solar zenith angle in degree. Since the
measured direct normal solar irradiance can be

represented in the non-calibrated form :
I =1, exp(- T m) (6)

where I is the top of atmosphere solar intensity,
while In I, has been obtained via Langley plot
of In I versus m (not greater 3). And then T m is
determined which is equal to (In Iy — In I). In order
to remove Rayleigh scattering component from the
total measured optical depth (T), we use TRayleigh
as reported in Table 1 which were calculated by a

relative equation [11]:

TRayleigh — 0.0085691*(1 +0.011312 +
0]
4 P
0.000131%) —
Py
where A is the wavelength in micrometers, P
(~1008.80 mbar) is the mean value of site pressure

relative to sea level pressure P, (1013.25 mbar).

Table 1 Wavelength dependences of Rayleigh Optical Depth (Tgayicign), NO2

absorption coefficient (GNoz) and O3 absorption coefficient (003)

A T Ono, x 107 Oo, x 107
(nm) Rayleigh (cm? / molecule) (cm? / molecule)
415 0.3077 6.03 0.0014
500 0.1409 3.00 11.98
615 0.0626 - 43.03
670 0.0432 - 15.81
870 0.0151 - 0.005
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Fig. 1 Langley plots of identified clear sky period on 26 January 2003 for

non-calibrated Eq. (6) of 5 distinct wavelengths.
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Fig. 2 Regression plots on 26 January 2003 (2a) of Eqn 2 for retrieval of optical depth in 870 nm-channel,
(2b) of Eqn 3 for retrieval of optical depth in 415 nm-channel with q = 2.15, and
(2c) of Eqn 4 for retrieval of optical depth in 615 nm-channel with q'= 1.575.
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Fig. 3 AOD spectrum on 26 January 2003 at the observation site is shown in (3a) and (3b) is the log-log fit of Eq
(12) on the same day. Results expressed that Angstrém exponent

0. = 1.097 and the Angstrom turbidity coefficient 3 = 0.1125.
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Whenever Tyo, and T, are available at 415 and
615 nm-channel respectively (whereas NO, and O;
are the major absorbers), the NO, and O3 column
amounts are determined in Dobson units (1 DU =
1073 atm-cm = 2.687 x 10'® molecule.cm™) with the
effective spectral absorption coefficients () and the
relations [12] of

Tno, (A) = Ono, (M) Nyo, 8
To, (A) = 60, (A) No, ()

here Ny, and N, are the total column NO, and O;
amounts respectively.

By means of these retrievals, Tyo, and To, at
other wavelengths are provided, and then the
aerosol optical depths can be obtained using

following equations:

Ts00 M = (Tys00) + Tno,(500)T Toy(s00))m + Incsoo
(10)

Tg7; m = (Tae73) T Toy673))m + IncCr3 (11)

With the above assumptions, firstly T, and ¢ for
870 nm-channel were found by a least square fitting
method with the plot of Tg;, versus m. Secondly
the parameterization procedure of q value from Eqn
3 was optimized by means of regression technique
with the known values of T, , Tno,@4i5) and then
was subsequently available (with the square of
correlation coefficient R? > 0.7). Similar retrievals
were done for the parameter q’ and in Eq. (4). Next
Tno,(500) and To,(s00) Were determined and finally
Tas00) and Ty(g73) were retrieved from Eq. (10) and
(11). Hence the spectral AOD was obtained.

The Angstrédm formula [12] for approximating

aerosol extinction is given by:

Ta (W) = pA* (12)

where A is the wavelength in pm, [ is known as the
turbidity, and o is Angstrom exponent which relates
to the aerosol particle type and size. The small
value of a signified large size particle [13], a~0
corresponded to large dust particle and so did o~2
for fine smoke aerosol. The range of . = 1.54—1.66
[14] normally found in urban area with air pollution
of soot aerosols from heavy vehicular traffic and
industrial activity. Moreover in 2002, o were found
in a range of 0.54—1.96 with the mean of summer
month values of o= 1.45 in Estonia (marshy lowland
terrain in temperate climate zone), including total
summer mean 3 of 0.091 [15].

4. Result and Discussion

Fig. 1 shows Langley plot of Eq. (6) to obtain
the total atmospheric column optical depth (T)
and In I, for each 5 wavelengths. By using regres-
sion techniques with Eq. (3) and (4) (Fig. 2), all
unknowns especially q and q’ can be found with
high correlation in the range greater than 0.7-1.0.
Diurnal results of total atmospheric NO, and O;
amounts are summarized in Table 2, and Table 3
shows the values of atmospheric AOD for 5 wave-

lengths. Also Fig. 3b is the log-log fit of equation:
Int,(A)=-alnA+1Inf (13)

whereas the slope yields Angstrdm exponent
and the intercept provides Angstrom turbidity
coefficient B. With the high values of R?, an
efficiency of this technique is validated. Fig. 4
shows daily plots of the mean Angstrom exponents
Oly15.870 of 0.910-1.392 in winter (January) and
1.055-1.442 in summer (March), with the mean
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Angstrém turbidity coefficients B of 0.0968-0.1826  Lastly, diurnal variations of total column NO, and
and 0.2201-0.3800, respectively. Daily spectral ~ O; amounts for winter and summer were plotted
AODs were plotted for 5 cloudless-day observation  in Fig. 6.

in January and March, 2003, as shown in Fig. 5.

Table 2 Diurnal total atmospheric NO, and O3

amounts
Date in 2003 | NO, (DU) 0, (DU)
22" Jan 3.70 249.9
23 Jan 5.02 323.5
24" Jan 6.38 307.9
26" Jan 4.79 338.2
27" Jan 4.88 308.9
3" Mar 18.63 3442
4™ Mar 16.21 328.7
5" Mar 11.10 298.4
6" Mar 14.89 370.2
7" Mar 19.54 326.9

Table 3 Daily values of atmospheric AODs for 5 wavelengths, and the mean Angstrém exponent (o)

for winter (January) and summer (March) with the mean Angstrém turbidity coefficient ([3).

Date in AOD:s for 5 wavelengths
2003

415 nm 500 nm 615 nm 673 nm 870 nm
22™ Jan 0.2124 0.2106 0.1593 0.1493 0.1062 0.983 0.0968

23" Jan 0.2483 0.2377 0.1806 0.1617 0.1129 1.105 0.1013

24" Jan 0.3770 0.3706 0.2926 0.2655 0.1984 0.910 0.1826

26" Jan 0.2698 0.2660 0.1977 0.1744 0.1255 1.097 0.1125
27" Jan 0.4638 0.5084 0.3014 0.2656 0.1855 1.392 0.1568

3" Mar 0.6311 0.5659 0.4455 0.3705 0.2475 1.288 0.2201
4™ Mar 0.7836 0.7456 0.5531 0.4706 0.3073 1.312 0.2740

5" Mar 0.6869 0.6695 0.4325 0.3740 0.2544 1.442 0.2141

6" Mar 0.8012 0.7815 0.5913 0.5191 0.3815 1.062 0.3418
7" Mar 0.8730 0.8668 0.6651 0.5851 0.4157 1.055 0.3800
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Fig. 4 Diurnal variations of 4a) the mean Angstrém Exponent (1) and 4b) the mean Angstrém

turbidity coefficient ([3) for winter (January) and summer (March) 2003.
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Fig. 6 Plots of diurnal variations of (6a) total column NO, amounts and (6b) total column O3 amounts.

To monitor the reliabilities of spectral AOD
results, the atmospheric column NO, and O3
amounts were preferably verified. Therefore we
compared our results with the O; profile at the
South of Thailand using Brewer spectrophotometer
and UMKEHR technique for their determinations.

The approximated annual average of 4.70 x 10'2
molecules. cm™ was found in 2003 [16]. Besides,
Ozone vertical column collected from Dobson and
TOMS instrument of ~250 and ~270 DU respec-
tively (~in the order of 10'® molecules.cm™ during
2000-2003), but differential slant column densities
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of O; found in an order of 10?° molecule.cm™
during 2000 at Pune, India [17] were reported
in 2007. The research concluded that column
amounts of O3 vary with season and altitude.
Also, there existed a research [18] reporting that
the Stratospheric Aerosol and Gas Experiment
(SAGE II) measurement of ozone tended to
slightly overestimate ozone at high altitude and
systematically underestimated it in troposphere by
approximately 30% in the regions between 8 km
altitude and 2 km below the tropopause. With all
results of column ozone stated in three references
[16-18], the vertical column ozone amounts as seen
in Fig. 6b seems to be slightly overestimated, and
seasonal invariance. Reasons for discrepancies
between the obtainable result in this study and
the other estimates are yet unclear, however it is
scarcely understood whether or not the results are
overestimated. Nevertheless, it is well known that
ozone has small absorption in visible wavelengths
and the overestimation of retrieved ozone optical
depths in 615 nm-channel may cause by haze
absorption which is often associated with high level
enhancement of tropospheric ozone [19].

From the results of atmospheric column NO,
amount retrievals, in Fig 6a and Table 2, they
suggest that our results are in better agreement with
the neighbors in tropical Asian region (at Pune,
India) [17] than ones in our previous work [9].
This probably relate to more accurate techniques of
analysis, namely the limit of air mass (m) used in
this work is less than 3 instead of 2.5. Furthermore,
the regression analysis of each AOD spectrum is very
helpful for an adjustment of q value (extinction
ratio normalized to the 870 nm-channel of 415
nm-channel), which is a significant parameter for
optimizing both results of atmospheric column
NO, amounts and AODs.

With all information of the comparison of O,
and NO, amounts, it supports that the obtainable

AOD spectra are accurate and reliable.

5. Conclusions

Since the validation of column NO, content
retrievals were monitored [9], this study was the
next step for retrieval a better estimate AODs in a
wavelength range from 415 to 870 nm, 5 distinct
wavelengths in total. As a result, our focus was on
the best fit of obtained AOD spectra with automatic
retrieval of reliable values of total column NO, and
O; amounts and also the obtained spectral AODs
were derived independently without using another
supported data from other different instruments.

Results reveal the feasibility of retrieval algo-
rithms of diurnal variation atmospheric aerosols as
well as total column NO, and O3 amounts in the
research location from measured MFR-7 data. It is
observed that total column NO, amounts are higher
in summer than ones in winter, whilst total column
O; amounts are seasonal invariance. In case of the
obtained AOD spectra, behavior of the retrieved
AODs at shorter wavelengths is higher than ones
at longer wavelengths; it implies that extinc-
tion efficiencies decrease with the wavelength.
Importantly all obtainable instrumental calibration
constants express that the well-calibrated instrument
was rather stable with regard to the quality of the
measurements.

The available results indicate the mean wave-
length exponent 05379 of 0.910-1.442 are rather
low, compared to the mean value of o found in
the cited references [13-15] while higher aerosol
loadings were observed (implicitly by high B)
during summer (March) as seen in Fig. 4b. Besides,
the higher AOD values observed during summer

would be contributed by anthropogenic activities
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in aerosol loading of black carbon from local
biomass burning due to routine behavior of Thai
farmers. Such phenomenon is evident from seasonal
variations of the atmospheric turbidity because high
turbidity days were observed in summer (March).
Therefore, values of B in the hot season are
higher than ones in winter, since high temperature
contributes an increment of heat convection with
uplifts mixture of biomass-burning aerosols with
soil dust particles from ground to the atmosphere.
The results (the spectral extinction behavior of
aerosols in Thailand) can subsequently be
represented a typical unpolluted rural-background
(without urban pollution) aerosol conditions in
Thailand. However, the consequence of anthro-
pogenic activities in aerosol loading might be
observed in local climate and should be helpful for
further regional AOD modeling studies in future.
In summary, we would like to pinpoint that the
small uncertainties of our results are partly based
on uncertainties of Rayleigh scattering optical
depth (using constant average value of site pressure
P), and absorption coefficients of NO, and O; for
distinct wavelengths. In addition, errors in NO, and
O3 amounts can result in variations of AODs for all
5 wavelengths. However, the good fits with high
values of R? in Fig. 2 and 3 shows the efficiency
of this technique for spectral aerosol optical depth
analysis from MFR-7 data. It is very useful for pro-
vision of the accurate spectral dependence of aero-
sol single scattering albedo in future, suggesting the

progressive studies of radiative forcing in Thailand.

6. Acknowledgements

The authors are grateful to the National Institute
for Environmental Studies, Japan and the Depart-
ment of Geology, Faculty of Sciences, Chulalong-

korn University for supporting all facilities and

providing unpublished data. We would also like to
thank Srinakharinwirot University for supporting

the research fund.

7. References

1. Zhao, T.X-P., Laszlo, I., Dubovik, O.,
Holben, B.N., Sapper, J., Tanre, D., and Pietras,
C., 2003, “A Study of the Effect of Non-spherical
Dust Particles on the AVHRR Aerosol Optical
Thickness Retrievals”, Geophysical Research
Letters, Vol. 30(6), p. 1317, doi:10.10219/
2002GL016379.

2. Jacaovides, C.P., Kaltsounides, N.A., Asi-
makopoulos, D.N., and Kaskaoutis, D.G., 2005,
“Spectral Aerosol Optical Depth and Angstrém
Parameters in the Polluted Athens Atmosphere”,
Theor. Appl. Climatol., Vol. 81, pp.161-167.

3. Linyan, B., Yong, X., Jie, G., Ying, W.,
Yingjie, L., Jianwen, A., Wei, W., and Jianping, G.,
2008, “Primary Validation of the Syntem Aerosol
Retrieval Model over Beijing Area using Aeronet
Data”, Proc of the Int. Archives of the Photogram-
metry, Remote Sensing and Spatial Information
Sciences, Vol. XXXVII, Part B6b, Beijing 2008,
pp- 195-200.

4. Iokibe, K., Toyota, Y., Wada, O., and Koga,
R., 2005, “A Scheme to Classify Clouds with
the Depolarization Ratio and Backscattering
Coefficient Measured by Lidar”, Memoirs of the
Faculty of Engineering, Okayama University, Vol.
39, pp. 93-101

5. Kim, S-W., Kim, S-C., Kim, J., and Kim,
S-Y., 2007, “Seasonal and Monthly Variations of
Columnar Aerosol Optical Properties over East Asia
Determined from Multi-year MODIS, LIDAR, and
AERONET Sun/Sky Radiometer Measurements”,
Atmos. Environ., Vol. 41, pp. 1634-1651.

6. Alexandrov, M.D., Lacis, A.A., Carlson,



MsansiTuuaziaun was. U7 34 atfuil 2 ey - Aguisu 2554

B.E., and Cairns, B., 2002, “Remote Sensing of
Atmospheric Aerosols and Trace Gases by Means of
Multifilter Rotating Shadowband Radiometer, Part
I: Retrieval Algorithm and Part II: Climatological
Application”, J. of Atmos. Sci. Vol. 59, pp. 524-566.

7. Shaw, G.E., 1976, “Nitrogen Dioxide-optical
Absorption in the Visible”, J. Geophys. Res., Vol.
81, pp. 5791-5792.

8. Jacovides, C.P., Asimakopoulos, D.N., and
Steven, M.D., 1999, “On the Optical Properties
of the Polluted Athens Atmosphere, during May
1995, Atmos. Environ., Vol. 33, pp. 3427-3431.

9. Ruangrungrote, S., Srisongpleay, W., and
Intasorn, A., 2010, “Retrieval Algorithm of Total
Atmospheric Column Nitrogen Content Using
Multi-Filter Rotating Shadowband Radiometer in
Thailand”, Khon Kaen University Science Journal,
Vol. 38, No. 2, pp.261-270.

10. Long, C.N. and Ackerman, T.P., 2000,
“Identification of Clear Skies from Broadband
Pyranometer Measurements and Calculation of
Downwelling Shortwave Cloud Effects”, J. of
Geophys. Res., Vol. 105, No. D12, pp. 15609-15626.

11. Yankee Environmental Systems Inc., 2000,
“MRF-7 Rotating Shadowband Radiometer:
Installation and User Guide”, Version 2.10.

12. Adeyewa, Z.D. and Balogun, E.E., 2003,
“Wavelength Dependence of Aerosol Optical
Depth and the Fit of the Angstrom Law”, Theor
Appl Climatol Vol. 74, pp. 105-122.

13. Dubovik, O. et al., 2002, “Variability of
Absorption and Optical Properties of Key Aerosol
Types Observed in Worldwide Locations”, Journal
of Atmospheric Sciences, Vol. 59, pp. 590-608.

127

14. Behnert, 1., Matthias, V., and Doerffer, R.,
2004, “Aerosol Optical Thickness and Its Spectral
Dependence Derived from Sun Photometer
Measurements over the Southern North Sea
Coastal Region”, Optica Puray Y Aplicada, Vol. 37,
No. 3, pp. 3253-3258.

15. Ohvril, H., Teral, H., Russak, V., Kallis,
A., and Laulainen, N., 2005, “Spectral Aerosol
Optical Depth Derived from Broadband Direct
Solar Irradiance”, Proc. of the 2" Joint Inter. Con.
of Inter. Forum of Experts in Solar Radiation and
Daylight (SOLARIS 2005), Athens, Greece, pp.
48-50.

16. Vanichnukhroh, P., Vijarnwannaluk, S.,
and Thana, B., 2006, “The Vertical Distribution of
Ozone Over Songkhla, Thailand”, Proc. of the 32"
Congress on Science and Technology of Thailand.
Bangkok, Thailand.

17. Meena, G.S. and Jadhav, D.B., 2007, “Study
of Diurnal and Seasonal Variation of Atmospheric
NO,, O3, H,O and O, at Pune, India”, Atmosfera
Vol. 20, No. 3, pp. 271-287.

18. Wang, H.J., Cunnold, D.M., Thomason,
L.W., Zawodny, J.M., and Bodeke, G.E., 2002,
“Assessment of SAGE version 6.1 Ozone Data
Quality”, J. Geophys. Res., Vol. 107(D23), p. 4691.

19. Krotkov, N., Bhartia, P.K., Slusser, J., Scott,
G., Labow, G., Vasikov, A.P., Ech, T.F., Dubovik,
0., and Holben, B.N., 2005, “Aerosol Ultraviolet
Absorption Experiment (2002 to 2004), Part 2:
Absorption Optical Thickness, Refractive Index,
and Single Scattering Albedo”, Optical Engineering,
Vol. 44, No. 4, 041005.



