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The spectral AOD measurements have been made for the first time over Patiala during multi-
platform field campaign ICARB–2006 using a Multi-Wavelength Radiometer (MWR) along with
the suspended particulate matter measurements with a high volume sampler. Spectral AOD has
higher values in May in comparison to March and April. The monthly mean AOD values at 500 nm
are 0.26 ± 0.08, 0.36 ± 0.19 and 0.58 ± 0.20 for the months of March, April and May respectively.
The mean AOD is more during afternoon in comparison to forenoon at all wavelengths. The
atmospheric turbidity is higher in May and is attributed to dust transported by southerly winds pre-
vailing during this month. The Ångström parameter α varies between zero and 0.68 while β ranges
from 0.1 to 0.9. The columnar water vapour content ranges from 0.12 to 2.92 cm, having a mean
value of 1.06 ± 0.648 cm. The mean total suspended particulate matter is 334.41 ± 97.56μgm/m3,
an indication of high aerosol loading over Patiala during the campaign period.

1. Introduction

Aerosols produced by a variety of natural and
anthropogenic sources exert both direct and
indirect forcing on climate (Charlson et al 1992).
The direct effect is due to absorption or scatte-
ring of the solar irradiance by aerosols and
indirect influence modifies the cloud microphys-
ical properties (Toon 2000). The magnitude of
direct radiative forcing at any location and time
depends on the amount of aerosols present, their
physical and optical properties and underlying
surface albedo (Hansen et al 1997; Satheesh
and Ramanathan 2000; Houghton et al 2001).
In Punjab, urbanization, industrialisation and
changed agricultural practices have contributed
significantly to an increase in the concentration
of different types of aerosols. Systematic studies
for aerosol characterisation and their impact on
radiation budget are practically non-existent in
this part of India. Realising the need for such
studies, a Multi-Wavelength Radiometer (MWR)
was set up at the Punjabi University Campus,

Patiala (30◦–21.5′N, 76◦–27′) in March 2006
under the ISRO-Geosphere Biosphere Programme
(IGBP).

Patiala (249 m asl), being at the centre of the
agrarian region of northwest India, is close to
Shivalik Hills in the east and Thar Desert in the
southwest. It is surrounded by industrial cities
Ludhiana and Gobindgarh in the northwest and
Ambala in the east. This region suffers with severe
fog, haze and smog which are due to increasing
anthropogenic activities (Singh et al 2004). It is
thus important to monitor the aerosol parameters
and its variability over this site and compare the
data with other locations to infer the relative con-
tribution of anthropogenic activities and natural
sources to aerosol loading.

Regular measurements for spectral aerosol opti-
cal depths (AODs) and columnar water vapour
content (W) were carried out on all clear, hazy
and partially cloudy days during the integrated
campaign for aerosols, gases and radiation bud-
get over India (ICARB) from March–May 2006.
The present paper details the results of AOD
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Figure 1. Temporal variation of daily mean relative humi-
dity (RH), temperature, wind speed and wind direction.

measurements obtained during this period. The
data are supplemented by suspended particulate
matter measurements carried out with a High
Volume Sampler (HVS; Envirotech make).

2. Observations and analysis

2.1 Prevailing meteorology

The weather conditions over Patiala during the
campaign period remained dry with moderately
low values of relative humidity in the range of
22 to 62% (figure 1). The daytime temperature
varied from 24◦C to 40◦C. The temperature was
maximum during April and the slightly lower tem-
perature during May is attributed to the obscur-
ing of sunlight due to high haze that persisted
continuously for many days. The prevailing wind
was north-westerly during April but changed to
south-easterly during May and wind speed ranged
between 1ms−1 and 3ms−1. Out of the total 69
days of observing period, the sky was almost clear
for 7 days, clear but hazy for 13 days, partially
cloudy for 19 days and overcast for 31 days.

2.2 Spectral AOD measurements

An MWR along with necessary electronics and
software for data acquisition at regular intervals
and for automatically tracking the Sun, has been
designed and developed by the Space Physics
Laboratory, Thiruvananthapuram. It takes mea-
surements of the ground reaching solar flux as a
function of the solar zenith angle at ten wave-
lengths, centred at 380, 400, 450, 500, 600, 650, 750,
850, 935 and 1025 nm and having FWHM rang-
ing from 6 to 10 nm. Field limiting optics restrict
the FOW to 2 degrees before falling on to the
solid-state photo detector. Krishna Moorthy et al
(1999), describe more details of the instrument and
the principle of data reduction and error budget.
Spectral AOD values were estimated following the
Langley Plot technique applied on spectral mea-
surements (Shaw 1973). The software to calculate
the AOD and columnar water vapour content (W)
has been provided by SPL Thiruvananthapuram.

2.3 Mass loading measurements

The mass loading of total suspended particulate
matter (TSPM) near the surface was measured
using a high volume air sampler, which first sepa-
rates the coarser particles (>10microns) from the
air stream before filtering it on a filter paper at a
flow rate of 1m3 min−1. The coarser particles were
collected in a separate sampling bottle under the
cyclone. To avoid clogging of the filter paper, sam-
pling of TSPM was limited to a maximum of twelve
hours.

3. Results and discussion

3.1 Aerosol optical depth

The temporal variations of the spectral aerosol
optical depth estimated are shown in figure 2.
The AOD values are more at shorter wavelengths
than at longer wavelengths. It also reveals consid-
erably higher values of AOD during May as com-
pared to March and April. During May, most of
the time, southerly winds carry dust particles from
the Rajasthan side (Sikka 1997) leading to hazy
conditions.

The monthly mean variations of spectral AOD
for the months of March, April and May are
shown in figure 3. Mean AOD values at 500 nm
were estimated to be 0.26 ± 0.08, 0.36 ± 0.19 and
0.58 ± 0.20 respectively during these months.

The full day spectral AOD measurements were
separated into forenoon (FN) and afternoon (AN)
data sets. The AOD values when calculated for
forenoon (FN) and afternoon (AN) parts of the
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Figure 2. Temporal variation of daily mean spectral AODs
over Patiala during ICARB.

Figure 3. Monthly mean variation of spectral AOD over
Patiala during ICARB.

same day give distinctly different AODs. Analysis
of AOD measurements for such days shows higher
values of mean AOD during afternoon as compared
to forenoon at all wavelengths during the study
period (figure 4) and ranges between 0.4 and 0.58
during forenoon and 0.43 and 0.78 in the after-
noon. Higher values of AOD in the afternoon are
due to the fact that the atmosphere remains con-
vective for a longer duration as compared to the
forenoon.

3.2 Ångström parameters

Aerosol optical depths contain information per-
taining to their size distribution (Satheesh et al
2001). A simple way of expressing the wavelength
dependence of AOD is through the Ångström

Figure 4. FN and AN variations of mean AOD.

Figure 5. Temporal variations of Ångström parameters.

relation (Ångström 1964), expressed as:

τpλ = βλ−α

where τpλ is AOD at wavelength λ, and α, β are
Ångström turbidity parameters. The wavelength
exponent α is an index for the aerosol size distri-
bution and depends on the ratio of the concentra-
tion of small to large aerosols while β denotes the
aerosol concentration present in the vertical col-
umn. The values of α and β evaluated by linear
least square fitting of τpλ − λ estimates on a log–
log scale are shown in figure 5. There is an overall
increase of turbidity parameter β during the month
of May as compared to March and April and the
reverse is true for α with few exceptions.

Higher turbidity during May is attributed to the
dust transportation from the Rajasthan side by
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Figure 6. Correlation of water vapour content with AOD
at 500 nm.

Figure 7. Correlation of water vapour content with AOD
at 1025 nm.

southerly winds and occasional dust storms that
raise the dust/sand particles into the atmosphere.
The estimated α in the present study ranges from
nearly zero to 0.68 while β ranges from 0.1 to 0.9.
Values of α close to zero or sometime negative in
the second half of April and in the month of May
indicate the dominance of coarse particles during
this period.

3.3 Columnar water vapour content

Temporal variations of columnar water vapour con-
tent (W) evaluated during the study period show
an overall increase from March to May and varies
from 0.12 to 2.92 cm, having a mean value of
1.06 ± 0.648 cm. Scatter plots of AOD at 500 nm
(figure 6) and 1025 nm (figure 7) versus W show
positive correlation coefficients 0.645 and 0.695
(p-levels = 0.0016 and 0.0005) respectively at 95%

Figure 8. Temporal variations of RSPM and NRSPM.

confidence limits. Moderately higher correlation at
1025 nm is due to the fact that the higher water
vapour content helps in the formation of larger
particles through coagulation.

3.4 Suspended particulate matter (SPM)

The temporal variations of the RSPM
(< 10μm) and NRSPM are shown in figure 8.
Mass concentration of RSPM varies from
34.4μgm/m3 to 189μgm/m3 with a mean value of
112.27 ± 61.54μgm/m3 while NRSPM mass varies
between 108.42μgm/m3 and 346.2μgm/m3 with a
mean value of 222.14 ± 69.97μgm/m3. Because of
the continued presence of haze and dust, there is
an overall low concentration of RSPM as compared
to NRSPM during the month of May.

4. Conclusion

The monthly mean AOD values at 500 nm are
0.26 ± 0.08, 0.36 ± 0.19 and 0.58 ± 0.20 for the
months of March, April and May respectively.
Temporal variations of spectral AOD show higher
values in May in comparison to March and
April at all wavelengths. The estimated AOD
values at shorter wavelengths are higher than
those measured at longer wavelengths. There is
an asymmetry in FN and AN spectral AOD
values. The mean AOD is more during AN
as compared to FN at all wavelengths. The
Ångström parameter α varies between zero and
0.68 while β ranges from 0.1 to 0.9. Higher tur-
bidity during May is attributed to dust trans-
ported from the Rajasthan side. The mean
value of water vapour content is 1.06 ± 0.648 cm.
The mean values of RSPM and NRSPM
are 112.27 ± 61.54 and 222.14 ± 69.97μgm/m3

respectively.
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