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ABSTRACT 

The properties of aerosols present in the atmosphere are often influenced by the environment in which they are being 
disbursed. Subsequently, the variation in the environmental conditions may severely affect the aerosol size and distribu-
tion. Thus it is quite exciting to investigate the spatial and temporal variations of AOD that are being affected by the 
significant changes in the environment to a large extent. This paper presents preliminary observations of diurnal varia-
tion of Aerosol Optical Depth (AOD) over two distinct locations in Kannur, India. The AOD over a location which has 
strong marine influence shows the presence of coarse particles while that on a valley of Western Ghats reveals the com-
bined influences of both land and the ocean. The correlation between AOD measured from the ground and that retrieved 
from MODIS is fairly good. The AODs retrieved from ground based observation is validated with that estimated from 
MODIS in the context of meteorological parameters observed during the period of this observation. 
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1. Introduction 

Aerosols are miniature particles in solid or liquid phase 
suspended in the air. Some occur naturally, originating 
from volcanoes, windblown dust, forest and grassland 
fires, living vegetation and sea spray. They occur over a 
wide range of sizes extending from 10–3 µm to about 102 
µm. Aerosol particles larger than about 1 µm in size are 
produced by windblown dust and sea salt from sea spray. 
Aerosols smaller than 1 µm are mostly formed by con-
densation processes such as conversion of sulphur diox-
ide gas which is released from volcanic eruptions to sul-
phate particles and by formation of soot and smoke dur-
ing burning processes. 

Atmospheric aerosols are major climatic forcing ag- 
ents. In the atmosphere, aerosols play a vital role in the 
radiation budget directly by scattering and absorption of 
solar radiation [1-3]. They scatter solar radiation back to 
space thereby enhancing the planetary albedo and exert-
ing a negative (cooling) climate forcing. Aerosols also 
indirectly cause a negative climate forcing through for-
mation of clouds and influence cloud lifetime. On the 
other hand, they cause positive feedback (warming) by 
absorbing reflected radiation from the earth’s surface, 
and preventing them from escaping to space [4,5]. The 
direct and indirect effects of atmospheric aerosols on 

radiative forcing and cloud physics are strongly depend-
ent on particle size characteristics and chemical compo-
sition [6-8]. In addition, they are responsible for visibility 
impairment and have significant implications for human 
health [9]. 

The basic parameter that determines the aerosol load-
ing in the atmosphere is the column Aerosol Optical 
Depth (AOD) which is a measure of extinction of solar 
radiation while propagating through a column of atmos-
phere. The AODs are usually found to be higher during 
hazy days, moderate during partially clear days and low 
on clear-sky days. Apart from its varied physico-chemical 
characteristics, the atmospheric aerosols also have a large 
spatial as well as temporal variability. Extensive research 
on aerosols are being pursued in India under a consistent 
network programme launched by Indian Space Research 
Organization Geosphere Biosphere Program (ISRO-GBP) 
to explore annual and inter-annual variability of aerosol 
parameters [10,11]. This has been materialized by using 
an indigenously built Multi Wavelength solar Radiome-
ter (MWR), which has been employed since 1980. Pres-
ently these studies are carried out in various geographical 
regions: urban, semi urban, coastal region, over oceans 
[12-15] as well as in the ecologically delicate Himalayan 
regions [10,16-19] of India. Over the Arabian Sea and 
Indian Ocean, AOD analysis is conceded using Ad-
vanced Very High Resolution Radiometer (AVHRR) *Corresponding author. 
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data [20-25] during Indian Ocean Experiment (INDOEX), 
which shows a significant inter annual variations in spec-
tral AODs. Satellite measurements provide large spatial 
coverage and long-term data on aerosol and trace gas 
measurements, despite their accuracies caused due to the 
precise retrieval [26]. 

In the present study, diurnal variations of AOD on 
clear sky days in February 2011 were investigated over 
two locations, a coastal site and on the valley of a hill 
station at Kannur. Further, validation of MODIS sensor 
derived AODs and MICROTOP derived AODs was car-
ried out by regression analysis of data retrieved for the 
same wavelength of solar radiation. 

2. Theory 

The aerosol optical depth spectrum can be fitted by a 
power law of the type [27].  

–ατ βλ

ln ln τ β α

                   (1) 

in which the wavelength λ is expressed in µm. The 
wavelength exponent α describes the spectral behaviour 
of the optical depth which is a good indicator of their size 
or of the fraction of the fine mode aerosols in the atmos-
phere [28] and the coefficient, β is a measure of the ver-
tical column burden of aerosols and is classified as AOD 
at λ = 1 µm. The natural logarithm of (1) yields 

ln λ                 (2) 

α can be computed for any region using the expression: 
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where τλ1 and τλ2 are the AODs for two different wave-
lengths λ1 and λ2. From this expression α is retrieved by 
taking the negative slope or the negative of the first de-
rivative of τλ versus wavelength (λ) in logarithmic scale. 
In general, α is found to reduce with the enhancement in 
particle size. For coarse-mode soil particles, magnitude 
of α is nearly zero, whilst it varies from 1 to 3 for 
fine-mode particles of anthropogenic origin. Thus, the 
magnitude of α depends strongly on the wavelength re-
gion selected for its determination. Different α values 
determined in various spectral bands were already re-
ported by various authors [29]. Some of the studies re-
vealed negative values of α obtained in the visible (VIS) 
and near-infrared (NIR) region of the solar spectrum [30]. 

3. Observational Site and General  
Meteorology 

The observations were made in Kannur District which is 
located in the northern part of Kerala State. We have 
selected two locations, one at Kannur University Campus 
(KUC) and other at Paithalmala, a pristine hill station in 
the Western Ghats near Kerala-Karnataka border and the 

atmosphere in these locations is weakly subjected to in-
dustrial impact. KUC is situated very close to the Ara-
bian Sea and at an elevation of 5 m from mean sea level. 
The air distance to KUC is about 4 km and that to the 
Western Ghats is 50 km. The land area of Kannur is 
about 3000 km2 with an average population density of 
1000 per square kilometers. KUC is situated in an open 
land to receive plenty of sunshine throughout the day 
without any shadows, and the land is surrounded with a 
good amount of vegetation. We selected a another loca-
tion at Paithalmala, which is a pristine hill station in the 
Western Ghats near Kerala-Karnataka border and the 
atmosphere over this location is feebly influenced to in-
dustrial activities. Being a hill which is positioned at a 
height of 1372 m above sea level, the morning sky is 
quite clear while in the evening, casting of clouds over 
this location may wrap the sun frequently. Hence the 
AODs measured beyond 1600 hr (IST) were not included 
in this study. The geographical map of the locations is 
shown in Figure 1. 

The most prominent meteorological feature at this lo-
cation is the monsoon rainfall occurring in two spells 
during a year. The south-west monsoon is quite active 
during the months of June, July and August, and this intense 

 

 

Figure 1. Schematic layout of the observational sites. 
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rainfall over this region has been classified as the south- 
west Monsoon Season. This is followed by the return 
monsoon or north-east monsoon which lasts till Novem-
ber. Hence September, October and November are ear-
marked as the post-monsoon (autumn) season with some 
scattered showers accompanied with heavy thunder and 
lightning. The intensity of summer is masked by the 
south-west monsoon season over the entire region. About 
80% of the total rainfall occurs from June to August 
which constitutes the main monsoon season. The period 
from December to March records the maximum sunshine 
hours of more than 9 - 10 hours/day due to the clear sky 
and the minimum from June-August due to cloudy sky 
conditions. During the first phase of the monsoon season 
(June-August), winds are stronger and the circulation is 
southwesterly-westerly (from ocean to land), by which 
this site experiences heavy rainfall. The southwesterly- 
westerly wind gets weakened by September and north-
easterly wind starts in November. The wind direction 
continues to be northeasterly until February, when the air 
flow is mostly from the continent. The months, Decem-
ber, January and February with scanty amount of rain 
and relatively low humidity constitute the winter season 
at this site, while from March to May the turn goes to 
summer which scorches with high convective activities 
on the surface. Being a coastal belt, the land breeze and 
sea breeze have a significant impact on the transport of 
aerosols over this region. The sea breeze usually sets in 
the noon time around 1200 hr (IST) and lasts till late 
evening. Figure 2 shows the monthly mean variations of 
meteorological parameters like relative humidity, tem-
perature, wind speed and direction at Kannur in the 
month of February 2011. 

4. Instrument Used for the Study 

Spectral AODs were measured by a hand-held multi- 
band Sun Photometer (MICROTOPS II) of Solar Light 
Company, USA (2002) and the details of the instrument 
is described extensively [31]. The instrument is equipped 
with five accurately aligned optical collimators, with a 
full field view of 2.5˚. Internal baffles are integrated into 
the device to eliminate internal reflections. AODs at 
wavelengths centered at 340, 440, 500, 675, 870 and 
1020 nm were directly retrieved from instantaneous solar 
flux measurements using its internal calibration; the ty- 
pical error in AOD measurement using a MICROTOPS 
II Sun Photometer is quite low [31]. Each channel is fit-
ted with a narrow-band interference filter (with a full 
width half maximum band width is 5 - 10 nm) and a suit-
able photodiode is used for the detection of the solar in-
tensity in a particular wavelength range. Data were col-
lected daily from 03:30-11:30 hr UTC (09:00-17:00 hr, 
IST) at 30 minutes intervals. A Global positioning Sys-
tem (GPS) receiver attached with the photometer pro- 

 
(a) 

 
(b) 

 
(c) 

Figure 2. Diurnal variations of (a) maximum and minimum 
relative humidity; (b) Maximum and minimum tempera-
ture; (c) Wind speed and wind direction at Kannur during 
February 2011. 
 
vides geographical details. Extreme care was taken dur-
ing the collection of AOD data so as to avoid the strong 
seasonal effects such as strong wind, cloudy sky and 
drizzle. Thus data collected only on clear sky conditions 
were included in this analysis.  

In this study, we present diurnal variations of spectral 
AOD measured at KUC and Paithalmala on clear sky 
days in February 2011. The Angstrom parameters asso-
ciated with this were estimated to identify the nature of 
aerosols present over the respective locations. Further, 
validation of observed AOD and MODIS derived AOD 
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for one year was carried out to investigate the correlation 
between them. We could collect ground based AOD data 
for a total of 169 days of which only 57 clear sky day’s 
data were processed for making a comparison with 
MODIS data. This is due to the presence of frequent 
cloudy days at Kannur. However, the maximum number 
of clear sky days available in Kannur is in February dur-
ing which this observation was conducted. 

5. Observations 

5.1. Diurnal Variation of AOD at KUC and 
Paithalmala on a Typical Day in February 
2011 

At the KUC, the peak observed in AOD during the mid- 
day hours could be attributed to the local convective ac-
tivity leading to a change in aerosol particle number dis-
tributions. On the other hand, a slight enhancement in 
AOD was observed in the other two lower wavelengths 
during afternoon hours. Moreover, a sharp enhancement 
in AOD was found during 1530 hr (IST) at 340 nm, 
which results in horizontal advection of pollution leading 
to higher aerosol column content. These results are in the 
general agreement with those reported earlier by different 
investigators [12]. The magnitudes of α and β are found 
to be 0.935 and (0.146 ± 0.03) respectively which indi-
cates the dominance of coarse mode aerosols over KUC. 
This may be due to the dominance of marine aerosols 
which are hygroscopic in nature. 

From Figure 3, it is clear that the AOD over two loca-
tions are found to show more or less of the same pattern, 
except a sharp increase at Paithalmala at 1330 hr (IST). 
This may be due to the impact of sea breeze which used 
to set here at 1200 hr by which coarse particles may be 
transported to this hill region. Moreover, the convective 
activities on the surface may transport dust to this pristine 
location. While at KUC, which is close to the proximity of 
the Arabian Sea, marine influence is more dominant 
 

 
(a) 

 
(b) 

Figure 3. Diurnal variation of AOD at (a) KUC and (b) Pai- 
thalmala. 
 
at all times and thus the abundance of coarse particles is 
much higher. But in hilly areas, the combined effect of 
land breeze and sea breeze is more pronounced than at a 
location which is much influenced by marine environ-
ment. Likewise, the magnitude of α at Paithalmala is 
higher than that at KUC (α =1.242 and β = 0.121 ±.01) 
which implies the domination of fine mode particles at 
this location. Figure 4 illustrates the contour plots of 
diurnal profile of AOD at theses two locations. 

5.2. Validation with MODIS Data 

The Moderate Resolution Imaging Spectroradiometer 
(MODIS) on board the Earth Observing System (EOS) 
Terra and Aqua satellites [32] provides a unique oppor-
tunity in deriving spectral information of aerosol pa-
rameters over land in the visible wavelength region. 
MODIS is a remote sensor on board two Earth Orbiting 
Systems, Terra and Aqua satellites. These satellites oper-
ate at an altitude of 705 km with Terra spacecraft cross-
ing the equator at about 1030 hr (IST) and Aqua space 
craft crossing the equator at about 1330 hr (IST). In the 
present study, validation of MODIS sensor derived AODs 
(level-3 MODIS-Aqua ver. 5.1 atmosphere daily global 
data product aerosol optical depth at 550 nm at 1˚ × 1˚ 
grid) was attempted by comparing it with the MICRO-
TOP derived data at the same wavelength. MICROTOP 
derived AOD at 440 nm was applied to evaluate AOD at 
550 nm using linear interpolation technique in power law 
[33] as under 

 –

550 440 550 440
α

τ τ               (3) 

where α was estimated from MICROTOP derived AODs 
in the visible spectra ranging from 340 to 675 nm. Thus 
the AOD derived from the MICROTOP for the wave-
length 550 nm is plotted with that derived from MODIS 
and the scatter plot is shown in Figure 5. 
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(a) 

 
(b) 

Figure 4. Contour plots showing the diurnal variation of 
AOD at (a) KUC (b) Paithalmala. 
 

 

Figure 5. Scatter plot showing daily) AODs derived from 
MICROTOP and MODIS (Aqua) over Kannur. 

6. Result and Discussion 

Ground based measurement of AOD at two locations in 
Kannur shows some distinctions based on their geo-
graphical features. At a hill region, the influence of both 
land and the sea is more pronounced while along the 
coastal belt, marine influence is more dominant.  

Statistical analysis revealed a close agreement between 
AOD from Aqua satellite and the daily averaged AOD 
from MICROTOP interpolated, at 550 nm. The Karl 
Pearson’s correlation coefficient between (MICROTOP) 
AOD and (MODIS)AOD is found to be 0.914, an attempt 
was made to fit a regression line between (MICROTOP) 
AOD and (MODIS)AOD, The estimated values of the y- 
intercept and slope from the regression are 0.025 and 
1.047 respectively, so that the regression equation be-
comes  

   AOD AOD
MODIS MICROTOP 1.047 0.025      (4) 

The t-test for the significance of the regression coeffi-
cient reveals that the sample regression coefficient (1.047) 
does not differ significantly from the ideal value (the 
calculated value of “t” is 0.735 which is less that 1.96 the 
5% critical value of t). The slope slightly higher than 
unity, during the period of observation indicates an over 
estimate of AOD by MODIS with respect to MICRO-
TOP retrieval. The slight difference may be due to the 
selection of spatial coordinates for retrieval of satellite 
data. 

7. Conclusion 

The correlation shows a good agreement with the data 
derived out of the two independent measurements over a 
specific location and supportive well within the instru-
ment uncertainties. This study further reveals that MODIS 
data is equally precise in the determination of AOD over 
this location compared to ground based measurement of 
AOD using sun photometers. The α and β values ob-
tained during this study indicate the need of further mi-
croscopic analysis to reveal the size distribution of the 
particles. 
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