PRAMANA

c Indian Academy of Sciences


— journal of
physics

Vol. 82, No. 2
February 2014
pp. 391–395

Deriving aerosol scattering ratio using range-resolved
lidar ratio
REJI K DHAMAN1 , V KRISHNAKUMAR1 , V P MAHADEVAN PILLAI1,∗ ,
M SATYANARAYANA1 and K RAGHUNATH2
1 Department

of Optoelectronics, University of Kerala, Kariavattom, Trivandrum 695 581, India
Atmospheric Research Laboratory, Gadanki, Tirupati 517 502, India
∗ Corresponding author. E-mail: vpmpillai9@gmail.com
2 National

DOI: 10.1007/s12043-014-0697-6; ePublication: 13 February 2014
Abstract. The study on the optical characteristics of aerosol is carried out using the dual polarization lidar observations from the tropical inland station Gadanki (13.5◦ N, 79.2◦ E) for the period of
observation during the year 2010. The summer and monsoon observation days show high scattering
ratio at the tropical tropopause layer (TTL) and at the lower stratosphere region. The depolarization
ratio is also high at this altitude due to the transport of particulates to the TTL layer by the active
convection prevailing at the period. The study reveals more dependable values of scattering ratio
that are seasonal and range-dependent.
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1. Introduction
The extinction-to-backscatter ratio, usually called as lidar ratio (LR) is an important
parameter to obtain the nature of the scatters while studying the optical properties of
clouds and aerosols using lidar. The LR values in combination with linear depolarization
ratio (LDR) are used to suggest the type of aerosols. The altitude-dependent LR value
was calculated from the method described in detail by Satyanarayana et al [1]. It can be
seen that the variation of aerosol extinction coefficient with uniform LR is relatively high
in the lower altitudes (up to 15 km). This clearly indicates that the nature and composition of aerosols in the lower altitudes are different from those of higher altitudes. At
lower altitudes, the sources of the aerosols are more of local or regional origin and the
particles are relatively large in size. Generally, it is known that the lower tropospheric
aerosols are a mix of local or regional aerosols combined with those transported from far
off regions due to atmospheric circulation, particularly during dust storm episodes [2,3].
Thus, it is appropriate to select a range-dependent LR to derive more accurate extinction
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profiles. Moreover, the method of classification of cloud days from cloud-free days have
been widely done by using the derived scattering ratio (SR). Background SR is typically
reported to be in the range 1.0–1.5 during any normal day [4]. These values are normally
predicted by taking a LR value common for all periods. As said the LR value is a rangedependent and season-dependent entity and range-resolved LR values can give more accurate SR and backscattering values. Here we have used the range-resolved LR calculated
by the method developed by Satyanarayna et al [1], to derive the SR and backscattering values. The monthly averaged range-dependent LR values are used to determine the
aerosol extinction, backscattering and scattering ratio.

2. Experimental methods
The experiments are carried out using the elastic backscatter lidar system operational
on a regular basis at NARL Gadanki. The lidar transmitter employs an Nd:YAG laser,
operating at 532 nm, with an energy of 550 mJ per pulse (Model: Powerlite 8020: of
Continuum, USA). The lidar system is aligned to make complete overlapping between the
transmitter and receiver at a height of about 4 km to avoid the intense backscattered signals

Figure 1. Block diagram of the Nd:YAG lidar system at NARL Gadanki, showing the
laser, transmitter system and data accumulation system along with pictures of the laser
system and telescope.
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from the low altitude clouds and aerosols. Simultaneous data on temperature are taken
from radiosonde experiments conducted at the station during the same period. Figure 1
shows the block diagram and pictures of laser and telescope assembly.
The present lidar inversion method makes use of the Klett’s backward integration with
suitable modification to obtain the range-dependent LR and the extinction coefficient profiles. To start with, the method requires a model aerosol extinction profile corresponding
to the station and the experimentally measured lidar data. The ‘model aerosol profile’
(MP) is used in this study and the proportionality constants S and k of LR have values of 20 and 1 respectively in this MP. The LR value of 20 at the lidar wavelength
of 532 nm corresponds to marine aerosols used [3,5]. The measured lidar data obtained
from the experiments using the lidar system are used to derive the aerosol extinction
profile which is designated as the observed profile (OP). For obtaining the OP from the
measured lidar data, the same values of S and k should be used in deriving MP. The same
reference altitude should be selected in deriving both the profiles. The ‘synthetic lidar
signal’ can be derived by combining the MP and the molecular extinction profile (RP)
corresponding to the station. Molecular extinction values of the stations under this study
at each altitude were calculated from the appropriate molecular density profiles by using
the Rayleigh theory. The air density values are taken from the atmospheric neutral density model developed by Sasi and Sengupta [6] using the sounding rocket and balloon
experiments.
The calibration constant of the lidar system which depends on various lidar system
parameters including the overall system efficiency, etc. can be derived by comparing the
synthetic lidar signal of MP and measured lidar signal of OP at a particular altitude level.
This normalization should be done at the highest altitude of lidar measurement to reduce
the inaccuracies. This calibration constant can be used to normalize the ‘synthetic lidar
signal’ derived as above by comparing it with the measured lidar signal of OP. This is
the usual normalization practice in generating the synthesized lidar data or comparing the
lidar signals at the two different stations using two different lidar systems. Using this
‘synthetic lidar signal’ after normalization, the aerosol extinction coefficient profiles are
calculated by iteratively modifying the k value within the realistic range by keeping S as
20. The extinction coefficient with different k values can be compared with OP to get
the best fit of the two profiles. The realistic range of k values chosen in this iteration is
based on various physical parameters of the atmosphere and those of aerosols of different
origin. The corresponding k value can be identified as its true value for further analysis. In
the next step, using the extinction coefficient profile derived from normalized ‘synthetic
lidar signal’ with the true value of k derived as above, an ‘altitude-integrated synthetic
lidar signal’ profile can be generated by putting different values of S at different altitude
bins covering the total region. Both the RP values and the lidar calibration constant used
for the generation of ‘synthetic lidar signal’ should be taken for obtaining the ‘altitudeintegrated synthetic lidar signal’. By the repetitive iteration method, the optimum value
of S corresponding to each altitude bin can be obtained. The value of S so obtained for
each altitude bin corresponds to the range-dependent constant S which is a proportionality
constant of LR. The integrated aerosol extinction profile with altitude-dependent S and k
can be derived from the measured lidar signal and the corresponding LR values can be
derived.

Pramana – J. Phys., Vol. 82, No. 2, February 2014

393

Reji K Dhaman et al
3. Results and discussion
Figure 2 shows the profiles of extinction, backscattering ratio, scattering ratio and depolarization ratio derived by using the range-resolved lidar ratio. Four cloud-free days of
the year 2010 were taken for the study from the station (Gadanki, Tirupati, India (13.5◦N,
79.2◦E)). The four days fall in the four seasons of the year namely, winter (Dec.–Feb.),
summer (Mar.–May) and monsoon season (June–Nov.). The profiles were obtained by
taking monthly average of range-resolved lidar ratio.
The profiles showed that during the observation day in January (winter period) the
scattering ratio is high in the range of 2.5–3.5. There is an increase in depolarization ratio
at around 28 km. The same period also showed high scattering ratio. The observation days
on March 3 also showed similar pattern as the day in January (high scattering ratio). The
observation days of 5 May and 1 September showed high scattering ratio in the tropical
tropopause layer (TTL, 12–16 km) and lower stratosphere region with high depolarization
ratio [7]. The increase in scattering ratio during the winter periods and at the beginning
of summer is due to the transport of particulates to higher altitude by circulation like
the Dobson Brewer circulation. The summer and monsoon observation days show high

Figure 2. Extinction, backscatter ratio, scattering ratio and depolarization ratio
profiles using the range-resolved lidar ratio for January 20, March 3, May 5 and
September 1 of the year 2010.
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scattering ratio due to the active convection activity at the TTL region during this period.
The depolarization is also high at this altitude due to the transport of particulates to the
TTL layer by the active convection prevailing at the period.
4. Conclusion
The study discusses the measure of scattering ratio, backscattering ratio, extinction coefficient and depolarization ratio by using the range-resolved lidar ratio. The study will give
more dependable values of scattering ratio which is seasonal and range-dependent. The
work is to be amalgamated and assimilated in a seasonal base and to be presented. The
data will serve as input for aerosol modelling.
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