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ABSTRACT. Atmospheric measurements in a continental, low latitude station Mysore (12.3° N) has been carried
out, for the period December 2003 to June 2006. Measurements were made using a sunphotometer with five bands in the
visible and near-infrared range of the solar spectrum. To bring out the wavelength dependence of Aerosol Optical
Thickness (AOT) on atmospheric water vapour, typically two wavelength channels are being used, one at 500 nm and the
other at 1020 nm. A linear dependence between AOT and water vapour on meteorologically calm days is the important
observation made. Growth rate of AOT is found to be larger at shorter wavelength (500 nm) than that of the longer
wavelength (1020 nm). A mass-plot representation is followed on monthly basis, which is nothing but the graphical plot
of spectral AOT versus water vapour of the scans for all the clear sky days of a particular month. Further investigations
reveal that some months exhibit a single trend of growth of AOT with water vapour whereas double trend is the scenario
for other months. These results provide insight into the changes in the atmospheric aerosol characteristics with
precipitable water vapour, which is the subject matter of this paper.
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water. This quantity can be highly variable and shows

Water vapour is one of the major variable gaseous
constituents of the Earth’s atmosphere. As a green house
gas, it influences significantly the Earth’s radiation
budget. Jacob (2001) has discussed the role of water
vapour in the atmosphere. Water vapour is constantly
added to the atmosphere by evaporation from various
water bodies or moist damp ground and by transpiration
from plants. Condensation process depletes the
atmosphere of water. For these reasons, water vapour
content is quite variable. The amount of water vapour
present in the atmosphere is expressed by precipitable

seasonal variation. An extremely dry atmosphere may
contain about 0.1 cm of precipitable water while a humid
atmosphere contains about 4 cm (Igbal, 1983).

Tropospheric aerosols produced by both natural and
anthropogenic processes exhibit large temporal and spatial
variations (Faizoun et al., 1994; Kaufman et al., 1994).
Depending on the source, the size of aerosol has a range
span of 107 — 10> um. Atmospheric aerosols Mie scatter
the solar radiation reaching the ground. The attenuation
depends on the number and size of the aerosols. Aerosol
Optical Thickness (AOT) quantitatively expresses this
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optical phenomenon. Since the solar radiation extends
over a range of electromagnetic spectrum, the AOT
exhibits a spectral behaviour.

Apart from the climatological importance, water
vapour at higher altitudes plays an important role in the
growth of aerosol particles (Twomey, 1977). Non-
hygroscopic aerosols with the hygroscopic surfaces
accumulate a film of water under some conditions. The
hygroscopic type acts as centers or nuclei for
condensation of water vapour. Because of this potential
for particle growth, scattering characteristics change
leading to variation in AOT (McCartney, 1976). The
location at which measurements were made abounds by
greenery with plants and trees. Aromatic hydrocarbon
vapours known as terpenes are exuded by foliage. Under
the influence of sunlight and ozone, the terpenes nucleate
into hygroscopic aerosols.

Prompted by the necessity for understanding the
atmospheric aerosols, in this paper a study is reported on
the variation of AOT with atmospheric water vapour. The
data on AOT and water vapour are obtained with a hand-
held sunphotometer. By analyzing the data, the linkage
between AOT and water vapour is arrived. In India,
several workers have made similar kind of study: Suresh
and Elgar (2005) have reported a linear relationship of
AOT with water vapour at the west coast of India. Prabha
Nair and Krishna Moorthy (1998) have reported an
increasing trend of AOT with water vapour for a coastal
station Trivandrum. In addition, there are studies other
than in India. Eck et al. (2001) results have been reported
for aerosols over Maldives and in Persian Gulf by
Smirnov et al. (2002).

2. Theory

The solar radiation traversing through the terrestrial
atmosphere undergoes extinction due to three processes.
Rayleigh scattering by air molecules, Mie scattering by
aerosols, and molecular absorption. Solar radiation is a
composite of monochromatic radiations, each of
wavelength A. The spectral radiation V; reaching the
ground is related to the extra-terrestrial solar radiation Vg
through the Bouguer-Lambert-Beer law

2
V, =V (rTOj exp(— mr, ) (N

In this equation, ry and r are the sun-earth distances,
mean and the actual respectively; m is the relative air
mass which in terms of solar zenith angle y becomes m =
sec y ; and the last term T, is the integrated columnar
extinction also referred to as total optical depth/thickness.
V, is being generally measured with a sunphotometer;
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Fig. 1. Geographic identity of Mysore

the output is an electrical signal of voltage V volts
proportional to the incoming spectral radiation. On a
logarithmic scale, the Eqn. (1) is linearised as below:

InV, = {In Vi, +2 In(%ﬂ —mT,; 2)

Graphical representation of this equation is referred
to as Langley plot. Zero air mass intercept serves as a
calibration constant. The slope gives the total optical
depth t,. By subtracting the contributions due to Rayleigh
scattering and molecular absorptions from 1, AOT is
determined. The built-in algorithm in the MICROTOPS II
will do all these calculations so quickly. In order to obtain
instantaneous value of AOT, the calibration constant is pre
determined and linearised with the signal voltage at any
instant.

3. Climate of Mysore

Mysore (12° 19’ N and 76° 39" E), situated at an
altitude of 767 m above sea level on the Deccan plateau of
peninsular India is a low latitude station with moderate
climate. On the East, West and South, about 300-500 km
away is the water spreads of Bay of Bengal, Arabian Sea
and Indian Ocean respectively (Fig. 1). To the North lies
the landmass of Asiatic continent. In any year, the period
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June-November, receives monsoon rains, which account
for 73% of the average annual rainfall of 760 mm
[Narasimhamurthy et al., 1998]. Following the rainy
season, the winter prevails through December-February.
During this season, the temperature is low and the rainfall
is about 3%. The hot months March-May constitute the
summer and account for 24% rainfall. An overall range of
temperature of the year lies between 18-36° C (Ganesh et
al., 2009).

4, Method of data collection

In order to collect the solar radiation a hand-held
multi-band sunphotometer MICROTOPS II developed by
Solar Light Company, USA (2002) is used. The
instrument is equipped with five accurately aligned optical
collimators with a full field view of 2.5°. Internal baffles
are also integrated into the device to eliminate internal
reflections. Each channel is fitted with a narrow-band
interference filter and a photodiode suitable for the
particular wavelength range. The MICROTOPS II used in
the present study has optical filters transmitting the
radiation centered at wavelengths of 440, 500, 675, 936
and 1020 nm. The collimators are encapsulated in a cast
aluminum optical block for stability. A sun target and
pointing assembly is permanently attached to the optical
block and laser-aligned to ensure accurate alignment with
the optical channels. When the image of the Sun is
centered in the bull’s-eye of the Sun target, all optical
channels are oriented directly at the solar disk. Radiation
captured by the collimator and band pass filters reaches
the photodiodes, producing an electrical current that is
proportional to the radiant power intercepted by the
photodiodes. The current is first amplified and then
converted to a digital signal by a high resolution Analog
to Digital converter. The signals from the photodiodes are
processed in series. However, with 20 conversions per
second, the results can be treated as if the photodiodes
were read simultaneously. AOT is determined by Langley
method assuming the validity of the Bouguer-Lambert-
Beer law. The optical depth due to Rayleigh scattering is
subtracted from the total optical depth to obtain AOT. The
calculation algorithms are programmed in the photometer
and the results of all stored scans can be conveniently
viewed on the LCD. The raw data are also stored to allow
retrospective adjustments of calibration constants.

Initially, several MICROTOPS II settings are made
with the help of GPS receiver. These include Universal
date and time, geographic coordinates, altitude and
atmospheric pressure of the measurement site.

For the observations, the MICROTOPS 1II is
mounted on a tripod in order to minimize the Sun
targeting error and is stationed on the open terrace of a

two-storey building located in an unpolluted area. On the
days of clear sky, viz., when there are no clouds, the
measurements are made. The data are collected during
0430 - 1100 UTC at fifteen minutes interval.

5. Calibration

The instrument was calibrated at regular intervals.
The degradation of the filters or the drift in the calibration
values was found to be marginal. The calibration was
carried out atop Sri Chamundeshwari Hills, which is at
about 300 m from the ground level using the standard
Langley technique. The calibration constants obtained
from the data collected atop the hill did not show any
large variations from the values obtained from the
calibrations at factory (Ganesh et al., 2009).

6. Estimation of water vapour in the atmosphere

The amount of water vapour present in the
atmosphere can be defined in many ways. One of the ways
is as follows: the amount of water vapour along a path is
defined as the thickness of the liquid water that would be
formed if all the vapour in the zenith were condensed at
the surface of a unit area. It is expressed either in
centimeter or in g cm”. A height of 1 cm therefore
corresponds to 1g cm™ of precipitable water. In literature,
both these units are commonly employed.

Water vapor calculation has been made based on the
extraterrestrial constant of the 936 nm channel, its signal,
time, location, water vapor calibration constants and AOT
at 936 nm. Once again, by making use of Bouguer-
Lambert-Beer law for the 936 nm channel, which is
located in the water vapor absorption band, the water
vapor column in centimeter is calculated as follows:

W {In(VOW )-In(V,, xSDCORR)-1,,, x M }”B
- KxM?B
3)

where the index “w” refers to the 936 nm water
vapor channel, In (V) is the AOT calibration constant,
Vy is the signal intensity in milli volts, SDCORR is the
mean earth-sun distance correction, M is the optical
airmass, T, is the aerosol optical thickness and K&B are
the water vapor calibration constants dependent on the
spectral transmission of the 936 nm channel (Solar Light
Company, USA, 2002).

7. Angstrom’s turbidity parameters
Atmospheric turbidity depends on both the number

and size of aerosols. Angstrom relates these
two parameters with the AOT (t;) which has a spectral
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dependence and is a measure of extinction of solar
radiation by the aerosols at wavelength A as

T.=pre 4

In this equation B is called the turbidity coefficient
and o the wavelength exponent. Very often Angstrom’s
method is considered as the best method (Cachorro et al.,
1987). These are dependent respectively on the number
and the size of aerosols. Large values of a indicate a
relatively high ratio of small particles to large particles.
Further, the wavelength A is in micrometer (Igbal, 1983).
The Angstrom equation (4) delineates into linear form on
logarithmic scale

In 15 = Inf - aln) (5)

TABLE 1

Slope values for the plots of AOT versus water vapour

Slope
Date
500 nm 1020 nm

December 08, 2003 0.28 0.11+0.010
March 05, 2004 0.46 0.13£0.030
December 05, 2004 0.34 0.07 = 0.009
February 10, 2005 0.21 0.13 +0.040
March 18, 2005 0.29 0.08 = 0.020
April 28, 2005 0.20 0.15+0.020
May 17, 2005 0.13 0.16 +0.020
January 12, 2006 0.18 0.06 £ 0.008
February 22, 2006 0.72 0.27 £ 0.060
June 12, 2006 0.16 0.10 £ 0.030

By a logarithmic regression analysis and least
squares fit of each of the scans one set of values for o and
f is obtained.

8. Results

To bring out the wavelength dependence of AOT on
atmospheric water vapour, two wavelengths are
considered, one at 500 nm and the other at 1020 nm.
Graphical plots of AOT versus water vapour are made for
each day of observation. It is found that the AOT and
water vapour exhibit a linear dependence on
meteorologically calm days (i.e., days without large
atmospheric  perturbations). Fig. 2 is a typical
representation of the plot of AOT versus water vapour for
two wavelengths. The slope of this graph represents the
ratio of change in AOT to that of water vapour and the
intercept represents solar extinction other than
atmospheric water vapour which is very less. This
strengthens the fact that atmospheric water vapour is the
supporter for the growth of aerosol particles. For each of
the days slope is determined by least-squares method. It is
found that the values of slope are higher for shorter
wavelength compared to that of longer wavelength. This
indicates that growth rate of AOT is larger at shorter
wavelength than that of the longer wavelength. Larger
growth rate at shorter wavelength is an indication of
increase in the number of small sized particles. The
Angstrom’s parameter o which is a measure of
concentration of small sized particles is generally high
(Fig. 3). In Table 1 are given the values of slope typically
for ten days. The rate of growth as indicated by the slope
is observed to be dependent on the range of water vapour
over the day.
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With the data of 120 days, analysis of the influence
of water vapour on AOT on daily basis becomes rather
difficult though not impossible. It was therefore
considered appropriate to treat the data month-wise.
Further, a larger water vapour range is encountered during
any month which helps in a better understanding of
growth rate of aerosols. For any single month, a mass-plot
representation is followed.

Mass-plot is a graphical plot of AOT versus water
vapour for a single wavelength of the scans for all
the clear sky days of a particular month. This method of

Month Slope (min — max)
December 2003 0.21 0.55-1.43
January 2004 0.27 0.54-1.06

0.53 1.06-1.30
February 2004 0.22 0.53-0.98
March 2004 0.19 0.50-1.81
April 2004 0.12 1.54-2.59
December 2004 0.22 0.41-1.31
0.12 0.91-1.83
January 2005 0.22 1.18-1.73
0.84 0.42-0.60
February 2005 0.22 0.60-1.46
0.42 0.46-0.75
March 2005 0.23 0.73-1.81
November 2005 0.23 0.90-1.82
0.42 0.74-1.02
December 2005 0.13 1.05-2.12
0.46 0.52-0.84
January 2006 0.31 0.50-1.43
0.26 1.63-2.52
February 2006 0.21 0.44-1.37
0.37 1.11-1.94
March 2006 0.26 1.80-2.60
0.3 1.10-2.00
April 2006 0.29 1.57-2.39
0.39 2.13-2.39
May 2006
0.31 2.07-2.51
June 2006 0.16 2.29-2.49

approach is followed typically for the wavelengths
500 nm and 1020 nm as described below.

8.1. Growth rate features of AOT at 500 nm

Starting with the month December 2003, for each
month the AOTs and the corresponding water vapour are
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500 nm

plotted for 500 nm producing a mass plot graphical
representation. On examining the mass-plots, a linear
variation of AOT with water vapour is observed. It was
further noticeable that some months exhibit a single trend
of growth of AOT with water vapour, whereas in some
months there were two trends. Of the two trends, one gave
a larger slope for low water vapour content, whereas the
other one gave a smaller slope when the water vapour
content is high. Figs. 4&5 are the typical representations
of the single and double trends respectively. Table 2
presents the values of slopes with 5-10% error,
together with the range of water vapour for the months of
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Fig. 8. Mass plot of AOT versus water vapour for Group II data sets at

500nm

observation during the three years. From Table 2 it is clear
that the slopes vary largely. Further, it is observed that a
correlation between the slope and the range of water
vapour is difficult month-wise or by seasons or by years.
In order to obviate this difficulty, a different method is
followed.

A graphical plot of the slope versus month is shown
in the Fig. 6. From Fig. 6, it can be seen that the data
could be classified into Group I with slope < 0.25 and
Group II with slope > 0.25. AOT versus water vapour plot
for the data coming under Group I is shown in Fig. 7. It
can be seen from the figure that the AOT increases
linearly with water vapour. By least squares fitting of the
data, the average growth rate given by the slope is found
to be 20%.

The data falling under group II are graphically
presented in Fig. 8. This scatter diagram shows the data
being distributed into three distinct groups. Each of the
groups is characterized by a distinct range of water vapour
and slope.

8.2. Growth rate features of AOT at 1020 nm

Following the procedure similar to that of 500nm,
the data could be classified into Group I with slope < 0.12
and Group II with slope > 0.12. Treating the two groups
as in the case of 500nm, the growth rates are obtained.
The results are shown in Table 3.

9. Discussion

The present study shows that the AOT does
not increase continuously with the water vapour of the
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atmosphere. From the Figs. 9 & 10 it is clear that the
growth rate at shorter wavelength is higher than at longer
wavelength. Though the summer (March-May) water
vapour content is high compared to winter (December-
February) water vapour, the growth rate is high in winter.
Since the temperature is high during the summer, the
evaporation rate of water is high and the growth of AOT
decreases at faster rate.

The growth rates of AOT with the ranges of water
vapour could be explained in the following way. Starting
with the lowest value of water vapour, the AOT grows to
a maximum value at certain value of water vapour which

TABLE 3

Slope values for the mass-plot of AOT versus water vapour
[@ 1020nm] for different months during three years

Month Slope Range of water vapour in cm

(min — max)
December 2003 0.13 0.54-1.12
January 2004 0.08 0.57-1.29
February 2004 0.13 0.56-0.90
0.14 0.84-0.98
March 2004 0.12 0.53-1.28
April 2004 0.06 1.54-2.47
December 2004 0.12 0.42-1.29
0.05 1.24-1.81
January 2005 0.27 0.43-0.6
0.17 0.77-1.05
0.10 1.40-1.74
February 2005 0.23 0.46-0.83
0.14 0.85-1.46
March 2005 0.12 0.79-1.52
0.21 0.73-1.03
November 2005 0.13 1.12-1.56
0.14 1.56-1.81
December 2005 0.12 0.45-0.89
0.25 0.99-1.48
0.13 1.59-2.09
January 2006 0.15 0.49-1.43
0.09 1.54-2.51
February 2006 0.25 0.44-1.07
0.20 0.81-1.36
0.18 1.11-1.55
0.37 1.70-1.93
March 2006 0.09 1.10-2.00
0.10 2.20-2.60
April 2006 0.07 1.57-2.25
0.31 2.22-2.39
May 2006 0.32 2.07-2.38
0.19 2.29-2.51
June 2006 0.14 2.37-2.48

indicates the maximum water vapour that aerosol can
hold. At this stage, there will be a gravitational settling
giving rise to a decreased density of aerosols. It results in
the reduced value of AOT.
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Further increase in water vapour gives rise to the
particle growth and increased AOT until another
gravitational settling takes place. The repetition of this
process results in the increase and decrease of AOT. The
study clearly indicates that the increase in the water
vapour content of the atmosphere need not continuously
enhance the AOT. Therefore, the growth of AOT is a
combined effect of the water vapour content and the
temperature to a larger extent with other meteorological
factors to some extent. This is in contrast to the
observations made by the others according to which the
AOT increases with the increase of water vapour
(Smirnov et al., 2002 ; Satheesh et al., 1999).

10. Conclusion

Dependence of spectral AOT on atmospheric water
vapour has been analysed. The results are presented
typically for two wavelengths, one at 500 nm and the
other at 1020 nm. The data covers the period from
December 2003 to June 2006. Growth rate of AOT is
found to be larger at shorter wavelength (500 nm) than
that of longer wavelength (1020 nm). For any single
month, a mass-plot representation is followed. It is a
graphical plot of AOT versus water vapour for a single
wavelength of the scans for all the clear sky days of a
particular month. The mass-plots showed a linear
variation of AOT with water vapour. Of the two trends
observed, one gave a larger slope for low water vapour
content, whereas the other one gave a smaller slope when
the water vapour content is high. Though the summer
water vapour content is high compared to winter water
vapour, the growth rate is high in winter. Since the
temperature is high during the summer, the evaporation
rate of water is high and the growth of AOT decreases at
faster rate. Therefore, the growth of AOT is a combined
effect of the water vapour content and the temperature to a
larger extent with other meteorological factors to some
extent.
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