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     Abstract: Rayleigh Lidar system established at National 

Atmospheric Research Laboratory (NARL) over a tropical site, 

Gadanki (13.8o N, 79.2o E), is operational since March 1998.  

Using photon count profiles and a model atmosphere (CIRA-86) 

temperature profiles are derived for the height range of 30-80 km. 

628 Rayleigh Lidar observations covering the altitude range of 

stratosphere and mesosphere collected during the period March 

1998 – August 2006. The long-term knowledge of this temperature 

profile has allowed us to know its average climatology as well as 

the nighttime evolution. During the period of Mar 2003 we 

observed profiles which differ considerably from the average for 

the same period in other years. Specially, profile obtained on the 

night 27 Mar 2003 called our attention by presenting an unusual 

stratospheric inversion layer with a decrease of 10-12 K between 

38-41 km and there was a minor warming on stratopause. 

Analysis of additional SABER temperature data showed that 

inversion layer at the same altitude.  

      Keywords:  (NARL), (13.8o N, 79.2o E), (CIRA-86), SABER 
10-12 K between, Rayleigh Lidar systems  

I. INTRODUCTION 

  The Rayleigh Lidar technique has been used to study the 

atmospheric temperature profiles from 30 to 80 km for more 

than two decades [1,2]. The possibility of measurements of 

temperature and density with a high time and height resolution 

has led to a variety of studies involving the temperature 

climatology at middle latitude [3-5], low and tropical latitudes 

[6-8] and high latitude [9]. Also, studies involving planetary 

waves [10,11], comparison with satellite measurements 

[6,12,13] and several studies of the mesospheric temperature 

inversion layers [14-18] have been carried out in the last few 

years. Middle atmosphere dynamics is governed by short and 

long-term wave propagation, such as gravity waves, planetary 

waves, Rossby waves, equatorial waves, Kelvin waves and 

[19] The strength of these wave amplitudes and its breaking 

has also been proved to be responsible for many of the 

peculiar middle atmosphere phenomenon (for eg., 

mesosphere temperature inversion, sudden stratosphere 

warming (SSW), double stratopause structure and etc.). One 

such interesting event used to occur in the middle atmosphere 

temperature profile, is SSW. The SSW is used to occur during 

winter and mostly in polar region. The strength of the 

warming and the direction of meridional circulations lead the 

effect of SSW even over mid- and low-latitudes [20].  
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Basically the warming is observed below the stratopause 

height region and descends the warm stratopause by few 

kilometers. Generally, the cause for SSW occurrence is 

mainly attributed to propagation of planetary waves (PW). 

The planetary wave have source region in the troposphere and 

propagates upward into the stratosphere, where it interact 

with the mean flow and wave breaks [21]. Though, there are 

many instruments to provide middle atmosphere temperature 

profiles (satellite, radiometers, rockets and LiDARs), LiDAR 

measurements are found to be superior than the other 

instruments in terms of accuracy and efficiency. Using 

LiDAR, there are many evidences of occurrence of SSW over 

high- (e.g [22-26]), mid- (e.g.[27,28]) and low-latitudes [29]. 

More recent SSW observations by [29] is first of its kind and 

reported for low latitude station, Gadanki (13.5 N; 79.2 E). It 

evidenced the extension of SSW to low latitude depending on 

the strength of the warming and concluded that the warming 

event was mainly driven by the PW propagation from high- 

and mid- to low-latitudes consecutive to the major warming 

episodes over polar region. It is a single evident and there are 

no more any statistical results from low-latitude stations. The 

purpose of this study is to investigate the statistical 

characteristics of SSW phenomenon using LiDAR 

observations over a low-latitude station.  

  In this paper concerns the detection of a very unusual 

temperature profile obtained on the night of 27 march 2003 

followed by warm stratopause ,compare with the SABER 

satellite temperature data and statistical charecteristics of 

SSW events observed over a low latitude station, Gadanki 

(13.5N, 79.2E), using 7 years of Rayleigh Lidar data from 

March 1998 to December 2004. In order to support and 

compare the Lidar observed SSW events, based on 

availability we also present data from the Halogen 

Occultation Experiment (HALOE) on board the UARS 

satellite. 

II. SYSTEM DESCRIPTION 

A. Lidar System Description 

[6] The lidar system installed jointly by the Communication 

Research Laboratory (CRL-Japan) and the National MST 

Radar Facility (NMRF-India) employs an Nd:YAG Laser 

with a maximum energy of 550 mJ per pulse at the second 

harmonic of 532 nm. The laser operates at a pulse repetition 

frequency of 20 Hz and a pulse width of 7 nsec. A beam 

expander that expands the beam by 10 times is used to reduce 

the beam divergence from 0.45 mrad to 0.1 mrad. For 

receiving the Mie and Rayleigh components of the 

backscattered signal, two independent receivers are 

employed.  
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The Mie receiver uses a 35 cm telescope of 

Schmidt-Cassegrain configuration, primarily for aerosol and 

cloud studies. The Rayleigh receiver employs a 75 cm 

Newtonian telescope for molecular density and temperature 

measurements over the height range of _30–80 km. The 

Rayleigh receiver provides a field of view of _1 mrad, about 

10 times larger than that of the transmitted beam. To extend 

the dynamic range of the detector, two channels with identical 

photo multiplier tubes (PMTs) set at different gains (9:1) are 

used. The low-sensitivity channel (U) is intended to collect 

the backscattered signal from lower altitudes (<50 km) where 

the signal intensity is fairly high and the highsensitivity 

channel (R) is for higher altitudes (>50 km) where the 

backscattered signal intensity is fairly low. The outputs from 

the PMTs are fed to pulse discriminators, which, inturn, feed 

to a PC based photon-counting system. It operates with a 

real-time multichannel scalar (MCS) software that provides a 

photon count profile with a range resolution of 300 m. The 

signal returns are integrated over 5000 laser shots, generating 

photon count profiles with a time resolution of 250 sec. The 

major specifications of the system are summarized in Table 1 

Table 1: .Lidar specifications [31] 

 

III. DATA 

A.  LiDAR data 

The data set presented in this paper are night time measured 

temperature profiles by ground based Rayleigh LiDAR 

system located in a Indian tropical station, Gadanki (13.5°N, 

79.2°E) during the period from March 1998 to August 2006. 

The total number of LiDAR observations corresponds to 628 

and the monthly distribution of observations is presented in 

terms of histogram in the Figure-1. It illustrates an average 

number of observations of about 26 profiles per month. 

Temperature profiles have been deduced using photon count 

profiles from the LiDAR data and a reference atmospheric 

model (MSISE-90) for the height range from 30 to 90 km 

following the retrieval method and analysis developed by 

[30]. Further details on the Gadanki LiDAR system and 

temperature derivation from the photon count profile is 

suitably modified and explained  [31,32]. 

 

Fig 1: Lidar data 

B. SABER and TIMED 

SABER and TIMED are acronyms for Sounding of the 

Atmosphere using Broadband Emission Radiometry and 

Thermosphere Ionosphere Mesosphere Energetic and 

Dynamics, respectively. Satellite, instrument and data 

description can be found in the TIMED web site [33]. 

C. NCEP and other data 

NCEP (National Center for Environmental Prediction) data 

has been used to classify the SSW events into major or minor. 

We use NCEP zonal mean temperature at 80°N and zonal 

mean wind at 60°N and for 10 hpa pressure levels. Quasi 

Bi-annual Oscillation (QBO) phase during the occurrence of 

SSW event has been examined using the zonal wind data from 

rawinsonde observations at Singapore (1°N, 103°E). 

IV. SSW DETECTION AND CLASSIFICATION 

CRITERIA 

The SSW detection method used in the present study is same 

as described [28]. The warming event is subjected to 

qualitative analysis in terms of the temperature profile which 

show increase more than 8.2 K is found to be genuine. The 

magnitude 8.2 K is two times as that of calculated standard 

deviations. Using the above criteria, daily temperature 

profiles are compared to the extended winter (NDJFM) mean 

profile which is calculated using 193 temperature profiles and 

thereby the major and minor events are identified.  
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The following steps are adopted to classify the events; 

Major warming: if there is zonal mean wind reversal in the 

NCEP data at 10 hpa and increase in LiDAR measured 

temperature. 

Minor warming: if there is no zonal mean wind reversal in 

the NCEP data at 10 hpa but there is an increase in LiDAR 

measured temperature. 

V. OBSERVATION 

During the night of March 27-28,2003 we made observations 

with the lidar from 20:38:44 to 01:36:23 accumulating a total 

of 25000 laser shots. The integrated profile during this 5 hr 

interval is shown in Figure 2. The figure shows outstanding in 

this profile is the very prominent stratospheric temperature 

inversion of nearly 12K between ~38 to ~41 km. Although 

stratospheric inversion layers are present in many lidar 

profiles obtained in other stations, this particular profile calls 

attention because of the magnitude of the temperature 

inversion in a small altitude range. A search in our entire data 

base, from 1998 to 2006 summing a total of 628 average 

nightly profiles, show in figure 1. In order to see whether this 

profile is characteristic of the entire measurement period or 

not, we have divided the data into three 1/2-hour bins which 

still gives enough precision. This is shown in Fig. 3, where we 

can see that this inversion layer is a persistent characteristic 

throughout the night. We have also compared our data with 

satellite data obtained by the SABER instrument on board of 

TIMED satellite. Profiles were found around our station in 

nocturnal on March 27. Figure 2 shows the lidar profile and 

SABER profiles obtained at the coordinates indicated in the 

legend at 18:27:13. We can see that despite of the differences 

between the profiles, mainly above 55 km, the inversion layer 

is present in the SABER profile, also compared with CIRA 

model data and month mean. 

 
Fig 2: Unusual Lidar temperature profile comparison 

with mean month, SABER temperature and CIRA model 

data. 

 
Fig 3: 30 min averaged  temperature profiles 

 
Fig: 4:  NCEP temperature and wind plots for sudden 

stratospheric warming 
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Table 2: Statistics of  sudden stratospheric warming 

 events observed over gadanki[34] 

 
classify the SSW events as described in section-IV, among 

these two events (presented in figure-4), the event observed 

on 20 January 2004 show evidence of warm temperature 

(difference between daily temperature profile and 

extended-winter mean temperature) of about 11.8 K, which 

also coincident with a zonal wind reversal in the NCEP data 

(see. Figure-4). Hence, this event observed on 20 January 

2004 is classified as major warming [34]. The descent of 

stratopause (height difference between yearly-mean winter 

stratopause and the observed SSW profile stratopause) 

associated with the occurrence of this major SSW event is 

noticed to be ~1.5 km. Further, the events observed on 26 

March 2003 (Figure-4) shows the warm temperature of 

magnitude ~12.6 K (at stratopause height 48.1 km) but no 

coincidence of wind reversal (Figure-4) is observed. Hence, 

the event observed on 26 March 2003 is classified as minor 

warming (see table-2).  

VI. DISCUSSION 

At the time of the observations we did not have any 

satisfactory explanation for such an “unusual” profile. A 

search in the literature showed that similar temperature 

profiles occur at low southern latitude station following a 

midwinter stratospheric warming. During March 2003 the 

tropics also experienced a minor stratospheric warming which 

was shown in figure 4, and it shows that difference between 

the Major and minor warming events. Although being mainly 

a high latitude stratospheric phenomenon, there is evidence 

that this is a hemispheric disturbance which extends to higher 

latitudes and altitudes.  A stratopause and a warming with 

temperature above 270K are shown. The profile is compared 

with SABER satellite temperature that one obtained on March 

27.  Also for reference the CIRA model temperature data is 

shown. One can see that the mean march 2003 profile is 

abnormal with a temperature increase from 10-12 K between 

38-41 km.  

VII. CONCLUSIONS 

The lidar facility at Gadanki (13.5N 79.2E), India which 

provides data since 1998, mainly dedicated to study the 

middle atmospheric temperature profiles from 30 to 80 km. 

During all the period from 1998 to 2006 when Rayleigh 

temperature profiles were obtained on a regular basis only on 

one occasion a profile with an outstanding temperature 

inversion in the upper stratosphere has been obtained. The 

validity of this profile has been demonstrated by comparing it 

with satellite data. It is concluded that this kind of profile 

similar only to low southern latitude station profiles obtained 

during the period which follows midwinter stratospheric 

warming is a consequence of the very disturbed upper 

stratosphere which followed the minor Stratospheric 

Warming. How this low latitude region has been affected by a 

high latitude phenomenon is still a motive of research.  
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