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Abstract. The vertical velocity in the troposphere-lower variation of temperature in the troposphere and stratosphere
stratosphere region measured using MST radar has been utnd the features of the tropopause are also evaluated.

lized to evaluate the temperature profile in the region. The

diurnal variation of the tropospheric temperature on one day

in August 1998 at the tropical station Gadanki (E®6 2 Measurement of vertical velocity using MST radar

79.2 E) has been studied using the MST radar technique.

The diurnal variation of the temperature revealed a promi-The Mesosphere Stratosphere Troposphere (MST) radar at
nent diurnal variation with the peak in the afternoon hoursGadanki (13.5N, 79.2 E) is a highly sensitive, pulse coded
increasingly delayed in altitude. The tropopause temperatur&/HF phased array at 53 MHz and with an average power
and altitude exhibited a clear diurnal cycle. aperture product of 5 10’Wm? and altitude resolution of

Key words. Atmospheric composition and structure (pres- 150 m in the vertical direction. The radar system details are

sure, density and temperature; troposphere - composition an@Ven in Rao et al. (1995). The radar provides the back-
chemistry; instruments and technique) scattered signals in the vertical direction in the altitude range

3.75 to 30km with good SNR. The data from the | and Q
channels of the MST radar are usually coherently integrated
for many pulses. The inter-pulse period and the coherent in-
tegration will limit the bandwidth of the observation window.
o _ The time series of data from | and Q channels are subjected
The MST radar operating in a VHF band is a very powerful 4, 5, FFT analysis and the Doppler spectra are obtained at
tool to explore the atmospheric dynamics of the lower andpgq, oy intervals. From the spectrum output, the spectral mo-
middle atmosphere. It has the capability of measuring theyants are evaluated. The first moment provides the mean
wind in the troposphere and the lower stratosphere with tim%oppler frequency from which vertical wind velocity can be
s_cales of a few tens of seconds. _T_hese measurements prayayated. Thus a time series of vertical wind velocity sam-
vide a powerful means of determining the spectra of Shortpled at 46 seconds is obtained in the altitude range of 3.75km

period fluctuations in the atmosphere and the Brunt-Vaisan0 30.6 km at intervals of 150 m. These time series are sub-

frequency. The possibility of the derivation of temperature jo 1e to FFT to obtain the spectra and from these spectra, the
profile frpm the MST radar observation of vertlpal wind has spectral peak corresponding to the B-V frequency is identi-
been pointed out by &tger (1986). Following this, R_e\(athy fied. This B-V frequency which gives the gradient of the
et al. (1996) have developed a method for determining tro'temperature is used to derive the temperature profile. Typical

pospheric and lower stratosheric temperature from the MSTs, e spectra of vertical velocity at an altitude of 5.1 km us-
radar observations of vertical wind with good altitude and

: . ing the vertical velocity data sampled at a 46 s interval during
temporal resolution. The knowledge of atmospheric temper-.c5 | Tt 21:56 LT on 24 August 1998 is shown in Fig. 1.
ature variation with altitude is very important in the study

f atmospheric turbulen nd atmospheric stability. In thi In order to investigate the diurnal variation of tropospheric
0 ak osph eric tj'l' udetﬁg :;ISTa dOSF(J)be eC S? y(.)f " Stemperature, the spectral data is collected on every alternate
work, we nave Utiize radar observations otverti- ., during 24-25 August 1998, thus providing twelve sets
cal wind fluctuation to evaluate the temperature profile of the

. . of data samples which enabled us to study the diurnal evo-
troposphere and lower stratosphere region. By evaluating thﬁjtion of the temperature profiles. In the diurnal cycles, the
temperature profiles at regular intervals of time, the diurnalradar is operated in the temperature mode, i.e. in a s’ingle

Correspondence tdK. Revathy (srp@md2.vsnl.net.in) beam mode by continuously observing the vertical wind for

1 Introduction
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Fig. 1. Typical vertical velocity spectrum at an altitude of 5.1km BY frequency+100 BY frequency+100

during 20:55 to 21:56 LT on 24 August 1998. ) ] o ]
Fig. 2. Altitude variation ofwy in the troposphere-stratosphere

region on 25 August 1998 during the time intervédg 00:57 to

about one hour. Under this scheme, the vertical wind data i91:28(P) 06:55 to 07:5€(c) 09:00 to 10:01 andd) 22:49 to 23:50

available at a 46 second interval with about 80 cycles of ver->" 24 August 1998

tical beam observation which is sufficient for the evaluation
of the vertical wind temporal spectrum. This observation is
preceded and followed by the operation of the MST radar in
the five beam mode to evaluate the background wind in orded T (k) N (h)2T (h)
to obtaining an impression of the atmospheric conditions. an g —T

or

@)

where g is the acceleration due to gravity, h is the altitude
3 Evaluation of temperature and T is the adiabatic lapse rate (dry). Equation (2) is inte-
grated to obtain T(h) from N(h) which is determined from the
The spectra of vertical wind velocity depicted in Fig. 1 show temporal spectra of vertical wind at different altitudes with
a typical pattern with a peak at the Brunt-Vaisala frequencyboundary valueT,, at i, (the lowest altitude at which N is
(Rottger, 1986; Scheffler and Liu, 1985), a steep decreas@ptained).7,, is obtained from the ground temperature value
in amplitude in the high frequency side, and a fairly shal- and the iterative method described in Revathy et al. (1996).
low decrease in amplitude in the low frequency side. Based=rgm the measured ground temperature, the temperature at
on earlier studies by &ttger (1986), Revathy et al. (1996) 3.75km is obtained assuming a lapse rate of 6 K/km which
developed a method for determining tropospheric and lowess an average value of the lapse rate in the lower troposphere
stratospheric temperature from MST radar observations ofnat js applicable for the Indian tropical region (Sasi, 1984).
vertical wind. In this method, using vertical wind velocity This value of temperature at 3.75km is used as a reference
data (w) sampled at 46 second intervals for a duration of ONgemperature in Eq. (2) to derive the temperature profile, from
hour, the temporal spectrum of w is obtained. From the specyhich the lapse rate in the altitude range of 3.75km to 5km
trum, the Brunt-Vaisala (B-V) frequency (N) is determined s gptained and used to calculate the temperature at 3.75 from
by identifying the spectral peak corresponding to N based orthe ground value. This new reference value of temperature is
the following criteria: used in Eq. (2) to derive one more the temperature profile.
] ) The limitations of this method have been discussed in de-
1. The spectral peak at the B-V frequency is the highestyj) jn Revathy et al. (1997). It is basically applicable under
and most prominent; convectively stable conditions and when the wind and wind
shear are not very high. The horizontal wind introduces a
Igoppler shift to the gravity waves. However, as we do not
r]know the phase and speed of the gravity wave, we cannot es-
timate the Doppler shift. The effect of this Doppler shift is

Four typical profiles of angular Brunt-Vaisala frequency '© render the temporal spectrum of the vertical wind (from
(wn) are shown in Fig. 2. which the BV frequency is obtained) broaden around the BV

The B-V frequency N(h) at altitude h is related to the tem- frequency for a short period gra_\v_ity wave. _This makes t_he
perature T(h) by e_stlmate_ of the B_V frequency difficult. But in our analysis

high horizontal winds ( 20 m/s) are not encountered and so

g [aT(h) the effect would be insignificant. Since we could estimate the

= T(h) [ } (1) BV frequency in almost all cases, convective instability was

2. The spectrum on the high frequency side of the B-V
frequency spectral peak shows a steep decrease with
prominent spectral peaks.

2
N ) ah
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Fig. 3. Twelve vertical profiles of temperature during 10:44 LT on 24 August to 10:01 on 25 August 1998 at regular two hours intervals.
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Fig. 4. Diurnal evolution of the vertical profile of temperature dur- Fig. 5. Temporal variation of tropopause altitude and temperature
ing 24—-25 August 1998. during 11:00 LT on 24 August to 10:00 LT on 25 August 1998.

not encountered. Only convectively stable conditions pre-all the profiles with a sharp minimum in temperature. To
vailed and the BV frequency itself is a measure of convectivestudy the diurnal variation of temperature at each height, the
stability. The MST radar is operated with the antenna beantemperature data is exhibited as contours in Fig. 4. Itis seen
pointing in the vertical direction in order to obtain the vertical that the temperature below16 km (troposphere) exhibits a
wind velocity at intervals of 46 s for a duration of 60 minutes. prominent peak, around 16 hours. The peak is quite broad
Such 60 minute observations are carried out 12 times on 24and appears to be delayed with increasing height. It is well-
25 August 1998 at roughly 2 hour intervals. Each such ob-known that the surface temperature is a maximum at around
servation is preceded by 10 minutes of radar operation withl4 hours due to the solar heating diurnal cycle (especially in
5 beams to determine the background wind profile. It is ob-the tropics). How the diurnal variation of the heating of the
served that the horizontal wind is quite low, not exceedingsurface and the troposphere can affect this observed diurnal
20m/s on the day of observation. Each 60 minute data otemperature variation needs to be subsequently investigated.
vertical wind from the above observation is subjected to an With the aim of seeing the diurnal variation of the
FFT analysis to obtain the Brunt-Vaisala frequency profilestropopause temperature and height, the tropopause height is
(Fig. 2) and hence, temperature profiles as described aboveletermined for each profile as the height of minimum tem-
The errors involved in the determination of temperature haveperature. The tropopause temperature and heights obtained
been studied by Revathy et al. (1998). The twelve profiles ofare shown in Fig. 5. The tropopause temperature reveals a
atmospheric temperature at the troposphere-stratosphere rprominent diurnal cycle with broad maximum and minimum
gion from 10:37:10 LT, 24 August to 10:07:35 LT, 25 August at 15:00 and 01:00, respectively. The tropopause height, in
1998 at intervals of roughly 2 hours are depicted in Fig. 3 ingeneral, shows variation opposite to that of the tropopause
the 3.75 km to 25 km altitude region. temperature. The tropopause (temperature) diurnal cycle ap-
pears to respond directly to surface heating (solar insolation),

as hypothesized by Reid and Gage (1981).
4 Diurnal variation of the vertical profiles of tempera-

ture during 24-25 August 1998
5 Conclusion
The profiles are modulated by fluctuations which are more
prominent in the lower stratosphere than in the troposphereThe study of the diurnal cycle of tropospheric temperature
The tropopause level appears to be clearly defined in almostevealed the following:
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