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Abstract

Computations of acrosel mixing ratio [( Ny + Ny, )/Nn] have been made using the acrosol
nunmber density (N,) estimated from the laser radar (lidar) observations carried out at the
[I'I'M, Pune and air molecular number density (Nm) derived from the radiometersonde data
of Lemperalure and pressure oblained from the IMD, Pune for the days of lidar observations.
The results of the study of the seasonal variation In the vertical distribution (up to § km
AGL) of aerosol mixing ralio (AMR) obtained from the above observations collected for the
two-year poriod, October 1986 - September 1988 are presented in this paper. The results
indicate Jow AMR during the monsoon and high during the winter months, These variations
noticed for the monsoon and winter seasons are considered to be mainly due to the differences
in Na, This is consislent with the scasonal variation in the average profiles of acrosols and .
air molecules, which suggested an increase of about 50% in the case of acrosols and about 2%
in the case of air molecules during the winter season as compared to those observed during
the monsoon scason,
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Earth’s atmosphere contains both acrosols and molecules, Scattering propertics of these.
constiluents are governed by Mié theory in the case of acrosols and by Rayleigh theory
in the case of moleculos, When a laser beam passes through the atmosphere, it sullers
from scatlering and absorption due to acrosols and molecules, respectively. Atlenuation
of laser light by these phenomena, known as extinction, has great importance i making
atmospheric studies using lidar, Also, knowledge of the relative contributions of acrosols and
air molecules to the mixed character of tropospheric air is essential for bettor interpretation
of lidar signatures of the lower atmosphere.
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Rayleigh scattering is due to particles in the atmosphere, such as molecules or fine dust,
that are much smaller (< 0.1A) than the optical wavelength, A of the laser. Scattering of
this type varies as second power of ihe particie volume and inversely as fourlh power of the
wavelength with equal amount of fluxes into the forward and backward hemispheres and also
the light scattered at 90° is completely polarised. Mie scattering is associated with larger
particles (> 0.1X), such as acrosols whose size is of the order of A. Rayleigh and Mie processes
are clastic scattering; the scattered light is the same wavelength as the incident laser beam.
Thus the size of the scatterer mainly makes the difference between these two scatlering
processes and hence the scattering cross-section per particle be around 10727em? /sler for
molecules and it varies between 1027 and 10-8 (depends upon size distribution) for acrosols.
This parameter plays an important role in the retrieval of information on alnospheric acrosols
and molecules from the lidar backscattered data. Although some experiments Lo study the
atmospheric aerosols using lidar technique began at the end of 19853, regular measurements
have heen in progress at the ITTM since October 1986. Vertical profiles of acrosol number
densily oblained during clear night sky conditions using the bistaiic, CW Argon ion lidar at
the IITM and those concurrently obtained radiometersonde ohservations of IMD were used
to study the AMR, This paper presents the theory involved, exprimental details and results
of the study of scasonal variations in AMR over Pune.

Theory

In the lidar probing of the atmosphere, the scattered light intensity at any angle from
a volume in the atmosphere is due to acrosols and air molecules. Bul the contribution of
molecules is quite siall and practically constant with time. However, the role of air molecules
in absorption is significant in the atmosphere although their contribution to scattoring is neg-
ligible when compared to that of aerosols (Twomey 1977). Ilence, at any time the significant
scatiering is due to aerosols, This may be true in the lower atmosphere in view of the abun-
dance of a variety of aerosol particles. Though their contribution is small, information on
Ny is essentlal for computing the important parameter, atmospheric transmittance, 7" in the
lidar equation, The bistatic lidar equation is given by

PrVT An[No(8)] (1)
(R Ry )2dW

where Pr and Pp are power transmitled and received, respectively, V is common scaltering

volume, A is receiver collecting arca, 7 is system constant, R; and Ry are distances [roin

transmitler and receiver to the centre of V,dW; is solid angle of the transmitler, o(6) is
scattering cross-section at scatiering angle § and N is number density,

Pp =

Since the atmosphere contains both aerosals and molecules, the term N a(#) takes the
form

Na(8) = Noaa(8) + Npom () (2)

where N, and Ny, are concentrations, and o,(f) and 0,,(8) are scattering cross-sections of
.aerosols and molecules, respectively.

For any scattering angle, 8, the optical depth, T is given by
7= HotaNao[l ~ exp(Hy/I1,)] + Huom Nmo[1 — exp(1I, {Mm)] (3)
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where oy, oy Wy Bt Noy and Ny, are Lhe extinetion cross-sections, scale heights and
ground-level concentrations of acrosols and molecules, respectively, 1, is the altitude of
scaltering volume, The average value of 11, varies between 1 and 1.4 km (Penndorf 1951)
and I, and ¥y, can be obtained from meteorological data over the experimental region, a,
ean be evaluated using Ravleigh scattering theory.

The atmospheric transimittance, T' can be computed by knowing the value of 7 (from equation
31 using the equation
T = {*.i‘]l[-—*7‘(('”.‘-‘!‘(‘”‘[' + rost (r(i”)] {1)

whoere #p and @y are, respectively, the transmitter and receiver elevation angles,

Otee the above parameters are evaluated, the acrosol number density, N can be com-
poted using Fguation (1) and these values at different seattering angles give vertical profiles
in the case of histatic lidar confignration,

Ixperiment

The bistatic lidar system at the TFPM, Pane has been descrilied by Devara and Bruest
Raj (10987). T consists of an Avgon jon laser (CM power, 0 W at multi-line} as an omitter and
a 260mm Newlonian telescope equipped with light deteetion and data acquisition systems
as the receiver. By setting the laser beam at 907, the scattered signab from the atmosphere
at diflferent elevation angles of the receiver is collected so as Lo obtain the seattored sig-
nal strength profile, which is inverted later into the aerosol concentration profile using tho
bistatic lidar equation, as explained in the earlier seetion. Lidar acrosol measurements are
accompaniod by the radiometersonde aseents-launched by the IND at a site, situaled about
5 km away from lidar site and withiv an hour hefore or after the optical somding to provide
temperatitee atd pressure data for the computation of N,y,.

Obsecrvations and Analysis

sinee the lidar measurements reported here were made in the carly night hours (1900
lies), Lhie dati from radiomotersonde ascents Taunched in the late evening hours were consid-
ered in Lhe computations. As per the lidar observational program at the IITM described by
Devara and Tirnest Raj (19849), we operate the lidar Lo got a minimum twe and maximum
seven acrosol concentration profiles in cach month dopending upon the atmospherie condi-
tions.” Also, lidar observations have been carvied ont every fortnight {alternate Thursdays) in
syuchironisation with the radiometersonde observations, Utilising the prossure and tompera-
lure data collected from radiometersonde ascents, the air molecular number density profiles
have been constructed nsing the formula

oy Rr!NaIP(Zi) [
Nm(/u) - R,Alnr‘p(zi) ) | = ('))

where £, is apparent molecular weight of dry air (28,066 gm  mol™"), N4 is Avopadro's
conistant (6.02217 :x10%* mol="), P(Z:) is atmospheric pressure (dynes em=2) ai height,
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(7:), R* is gas constant for 1 gm mol of ideal gas (831130 x107 erg mol=' K 1), M, is
molecular weight of Nitrogen (28.01 gin mol~') and T(Z;) is the absolute temperature of the
atmosphere (°1') at height (2;).

The AMR profiles are obtained from the aerosol and air molecular number density

proliles as NN .

a + mw a 1

AMR = N WL +1 (6)

Monthly average concentration profiles of acrosols and air moleculos have heen obtained for

ithe two-year period, Qctober 1986 - September 1988.; These monthly mean profiles have heen

grouped into different seasons according to the meteorological convention. The variations in

the parameters under study during the southwest {SW) monsoon {June-Sept) and winter
(Nov-Feb) are reported in this paper.

Results and discussion

The lidar-derived acrosol number density profile and radiometersonde-derived air moloe-
wlar number density prolile obtained on 19 Feb 987 are shown in Fig. 1. The vertical distri-
bution of the ratio N /Ny, (in terms of AM R — 1) is also shown in the Figure.
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Figure 1. Density prafiles with altitude,

The ranpe of variation in acrosol numboer density is higher than that in molecular munhoer



Rayleigh and Mic scallering

5

density, Also, the acrosol profile shows sharp decrease in density up to 200 m and therealter
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Figure 2. Scasonal AMR profiles with altitude.
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shows a steady decrease with increase in allitude, Whereas, the Ny, profile shows a small
negative gradient throughout the height region. Steep negative gradieat in the acrosol numbor
density in the lowest fow hundred meters is a common feature observed o every profile due
1o terrain charactevistics at the lidar site {Devara & Fruest Raj 1941). Moreover, the vertical
distribulions in acrosol and air molecule concenlrations indicate thal the condribution of
acrosols to the profile of N, /N, is more at lower levels and less at upper lovels and vice versa
in the case of air molecules, In other words, acrosols conlribute more to the mised charaetor
of the seattored signal in the lower atimosphere,

Monthly mean profiles of aecrosol mixing ratio (AM I = 1), computed from the dala
collected during Oct.R6 - Sept.88 are depicted in Fig. 2. Also, the profiles averaged ovep the
lwo-year period for the monsoon and winler seasons are also shown as an inset in the Figure,
Besides the significant month-to-month variations in the profiles the acvosal mixing ratios
were found ta he higher in winter than in monsoon season throaghout the heiplt region,
These variations are considered to be mainly doe to seasonal vioriations in aerosol number
density observed al this location (Ermest Raj & Devara, 1989, 1990). In order to verily this
fact, Lhe average profiles of Ay and N, for the monsoon (LOST and TOSS) and winter ( 1986-87,
ST-8%) seasons are stidied separately and they are shown plotted in Figo 3. 10 is cloar that the
nomber density is higher in winter than in monsoon for hoth acrosols and air molecules, B
this jnerease in acrosol concentration is abont 50% and tuerease in molecular coneentration
is 29 which sugpests the significant contribution of seasonal varintion of aerosals 1w Hhat
ol AM I al lower levels. However, observations from sfow speed, low Tevel radiocmelersonde
asconts would be quite uselul for studying the fine structure of the AV 20 sinee e lidar
acrasol obsorvations al hieight intervals o 20w are possible with the present experimental
sot-up. Closor observations i time and location of Tidar and sadiometersonde would Turthor
tmprove tlie guality of information,

Conclusions
It may be coneluded rom the above study that
(i) Acrosol mixing ratios are higher durving winter than during SW monsoon,

(ii}) Contribution of acrosols is dominant in the lower levels and air moleculos contribute
significantly Lo the air mass in e upper layers ol the tropusphere, aul

(i) Seasonal variations in the average profiles of acrosols awd air moleenles show increase of
about 50% in the case of aerosols awl about 2% in e case of air moleeules during the winter
seasan as compared to those observed during the SW monsoon season.
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