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Abstract

A high spectral resolution radiometer has been developed and put into operation since April 1993 at the
Indian Institute of Tropical Meteorology (I'TM) , Pune, India for monitoring of atmospheric aerosols and
gaseous constituents. This passive ground-based remote sensor utilizes either sun or moon as light source
and measures continuous spectrum of atmospheric extinction from far UV through visible Description of
the instrument, experimental and data retrieval techniques, including sample observations, are presented
for obtaining atmospheric total, aecrosol (Mie), molecular (Rayleigh) and specific gaseous optical depths
from spectroradiometer observations carried out on cloud- free days. The derived optical depths are found
to be in good agreement with those estimated from in-situ measurements. The temporal and spectral
characteristics of aerosol optical depth together with the methods for retrieving the aerosol size

distribution and aerosol mass loading from the wavelength distribution of aerosol optical depths are also
presented.

1. Introduction

erosols and greenhouse gases are of considerable interest in atmospheric sciences. This is
mainly due to their potential of changing the radiative transfer of solar radiation, as a direct
luence, and due to the complex indirect consequences connected with aerosol-induced cloud and
Ipitation processes. In recent years, much interest has developed in monitoring of the
phere, using remote sensing techniques, especially the possible changes in the earth’s
ion budget due to Man’s direct influence. While the influence of greenhouse gases on climate
ily be estimated, the consequences arising from an increased (modified) aerosol
tration (due to either human activities or volcanic eruptions) remain extremely difficult to
and because of insufficient knowledge about optical properties of aerosol particles
“laﬂy their vertical distribution), which are strong functions of their sources, sinks and their

‘active as well as passive ground-based, balloon-borne, air- bomne, ship-borne and
Me experiments, have been conducted for studying the properties of aerosols and gas

and their interaction with radiation passing through the atmosphere. Of these, sun
» being a simple passive technique, has been widely used by Angstrom (1961) for
Ng-term studies of aerosols and some selected trace gas species. A long series of
iC tUIbldlty (attenuation) measurements have also been carried out at different stations in
Ng Volz sun-photometers (Mani et al., 1969). Subsequently , this instrument has
any modifications in both spectral coverage and then data acquisition (Shaw et al.,
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1973, Pitts et al., 1977, Asano et al., 1993). Recently, a Multi- Wavelength Solar Radiometer
(MWR) experiment (as a pat of the IMAP) has been performed at six stations covering different
geographical locations in India (Krishna Moorthy et al., 1989). The results of these observations
collected at nine narrow spectral bands (Snm FWHM) in the visible and near IR regions for a period
of about 5 years have revealed significant temporal and spectral variation in bulk characteristics of
aerosols present in different environments in India. However, all these studies have been performed
at discrete wavelengths (or spectral bands) and the total observations time was high as compared to
the short-term changes in aerosol characteristics due to environmental and local meteorological
factors such as wind. Moreover, broader wavelength range with narrow spectral interval is an
important requirement in deriving better information on physico-chemical characteristics of aerosol
particles which are present in the atmosphere in different sizes (from 10pum to 103um) with
varying chemical composition. The High Spectral Resolution Radiometer, described in this paper,
has been developed to meet most of these requirements such as continuous scanning of solar
spectrum in a specified wavelength region at a faster rate so that the information content will give
better estimation of atmosphere aerosol and trace gas constituents. We shall describe the

experimental set-up and data retrieval technique and discuss the result of atmospheric total as well ]

as aerosol optical depth variations as computed from High Spectral Resolution Radiometric
observations and in-situ measurements in the following sections.

2. Theoretical background

The basic principle involved in radiometers aimed at determining atmospheric optical depth is
that extraterrestrial solar (or lunar) radiation undergoes modification when passing through the
atmosphere resulting in and a general decrease of the spectral irradiance with increasing air mass
(i.e. The length of the atmospheric path traversed by the sun’ or moon’s rays in reaching the earth
measured in terms of the length of this path when the sun or moon is in the zenith). This decrease is
mainly due to extinction (scattering plus absorption) of light by aerosols and gas molecules. Thus
the measurement of relative flux of either sun or meon radiations at the earth’s surface as function

of zenith angle provides optical depth or optical thickness and related basic quantities such as
extinction or attenuation or turbidity or visibility etc.

As explained by many investigators (Yamamoto and Tanaka, 1969, quenzel, 1970, Herman et
al,, 1971, Shaw et al, 1973, King et al., 1980) the signal output of radiometer represents
monochromatic solar irradiance, F (Ay) reaching the ground at wavelength A, and related to the

irradiance incident on the top of the atmosphere, Fo(A) through the well known Beer-
Bouguer-Lambert law as

FAY) = (Zun/Z)* Fo(A) exp [-m(x) w(A)] + Fa(A.x) ey

where Zm is mean distance between the earth and light source, Z is distance between the earth and
light source at the time of observation, m is optical air mass which is a function of zenith angle,
(m=Sec  for x < 800°), Fa (A,x) diffusely scattered flux at wavelength A entering the radiometer,
generally, contribution of Fq to the total observed direct radiation is meagre for radiometers having
narrow field of view, and hence can be neglected (herman et al., 1971)

The total optical depth, ©(A). of a vertical air column at wavelength A is represented
mathematically by sum of three components as

u(A) = TR(A) P/Po+ 13(A) + 14(A) ; (2)

R T

-_c:g:nmc'mmncmm

o 0

ra




































