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Abstract. From the temporal spectra of vertical wind obtained from
MST radar observations, the Brunt-Vaisala frequency is identified.
Altitude profile of temperature in troposphere and lower strato-
sphere is dérived from the altitude profile of the Brunt—Valsala
frequency thus obtained.

Introduction

The atmospheric temperature variation with altitude plays an
important role in the studies on turbulence structure and atmospheric
stability. Regular Meteorological balloon soundings (Radiosonde)
provide altitude profiles of temperature on twice a day basis. How-
ever, the published radiosonde data do not give enough altitude
resolution for turbulence studies. That temperature profile can be
derived from MST radar data of vertical winds has been pointed out
by Rottger (1986). As MST radar provides high altitude resolution
data of vertical winds on a continuous basis (temporally) in tropo-
sphere and lower stratosphere, temperature profiles can be obtained
from such data with corresponding altitude resolution which is much
better than that of the published radiosonde data and also with good
temporal coverage over a day.

The method of deriving temperature mainly depends upon iden-
tification of Brunt-Vaisala frequency (B-V frequency) in the spectra
of vertical wind velocity oscillations. These spectra reveal the
"Brunt-Vaisala cut off" (e.g:,, Rastogi, 1975; Rottger, 1980 a,b;
Ecklund et al., 1985) characterised by a spectral peak at the B-V
frequency with a steep decrease on its high frequency side and a
fairly shallow decrease on the low frequency side. The spectral peak
at B-V frequency can be attributed to energy input at that frequency
(Scheffler and Liu, 1986) and can be partially explained by the
theoretical prediction derived in Scheffler and Liu (1985). Using
vertical wind observations from Indian MST radat at Gadanki
(13.47°N, 79.18°E) in the altitude range 3.75km to 30.6km we
obtained the altitude proﬁle of Brunt-vaisala frequency from which
temperature profile is derived. The results are presented in this
communication.

Method of Analysis and Results

The Indian MST radar at Gadanki operates at 53 MHz, with an
average power-aperture product of ~7. 7x10® W m? and an altitude
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resolution of 150m in vertical direction. The radar system details are
given in Rao et al. (1995). It may be pointed out here that with the
MST radar at Gadanki backscatter signals in the vertical direction
are, generally, obtained from ~3.75km to altitudes ranging from ~25
to 31 km in the stratosphere. On March 15, 1995 observations have
been carried out from 1333h to 1433h IST with the antenna beam
pointing in vertical direction. During this period backscatter signals
could be obtained in the altitude range from 3.75km to 30.6km. The
data of I and Q channels are subjected to FFT to obtain doppler
spectra at intervals of 46 sec. For each of the doppler spectra the first
moment (=mean Doppler frequency) which gives the vertical wind
velocity is derived. Thus a time series of vertical wind velocity
sampled at 46 sec is obtained in the altitude range 3.75km to 30.6km
atintervals of 150m. These time series are subjected to FFT to obtain
the spectra. As the data length is 3496 sec with a total of 76 samples
the frequency resolution of the spectra is ~0.000286Hz and the
Nyquist frequency is ~0.0109Hz. In these spectra, spectral peak
corresponding to the B-V frequency is identified using the following
criteria.

(i) Of the prominent spectral peaks, it should be the one with
highest peak frequency.

(ii) The spectraon the high frequency side (of the peak) should
show a steep decrease followed by no significant peaks.

Vertical wind spectra at 3.75km, 15.0km, 20.55km and 29.55km
are shown in Fig. 1 as illustrative examples. The identified B-V
frequency is shown by an arrow mark in the figure. In the spectra at
3.75km and 15.0km, there are no spectral peaks at frequencies less
than the B-V frequency. At the stratospheric altitudes of 20.55km
and 29.55km spectral peaks appear at frequencies less than the B-V
frequency. At tropospheric altitudes data of longer duration are
required to obtain the necessary spectral resolution for identifying
spectral peaks at frequencies less than the B-V frequency.

The identified Brunt-Vaisala frequency (in radians/sec) as a
function of altitude is shown in Fig.2. We could unambiguously
identify the B-V frequency in the altitude range 3.75km to 30.6km
for which the vertical wind data are available. It is seen from Fig. 2
that the B-V frequency fluctuates around ~0.01 rad/sec at altitudes
below 16.8km and around ~0.022 ‘above 16.8km indicating the
demarkation between troposphere and stratosphere.

From the B-V frequency, atmospheric temperature can be ob-
tained from the relation

2 g_dT
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Figure 1. Temporal spectra of vertical wind velocity at (A)
3.75km, (B) 15.0km, (C) 20.55km and (D) 29.55km.

where N is the B-V frequency in rad/sec,
T is the temperature,
g is the acceleration due to gravity,
z is the altitude
and I is the adiabatic lapse rate.

Equation (1) can be solved for T as

where

.
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T(z‘) is the temperature at height z*,

and To is the temperature at a reference height zo.

In order to obtain the temperature profile from equation 2, tem-

perature at a reference altitude is required. For this, we have adopted

the following two procedures.

™

From the measured ground temperature, the temperature
at 3.75km is obtained assuming a lapse rate of 6K/km
which is the average value in the lower troposphere appli-
cable for Indian tropical region (Sasi, 1984) and is used as
the reference temperature in equation 2 to derive the
temperature profile. From this temperature profile, the
lapse rate in the altitude range 3.75km to S5km is obtained
and used to calculate the temperature at 3.75km from the
ground value. This new reference value of T is used in
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Figure 2. Altitude profile of the Brunt-Vaisala frequency, N.
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Figure 3. Altitude profile of temperature deduced from MST radar data, (A) obtained using procedure 1 and (B) obtained using procedure

2; the circles represent the temperatures from radiosonde data.

equation 2 to derive the temperature profile again. This
iteration is repeated till the lapse rate in the range 3.75km
to Skm converges.

(2) From the radiosonde temperature profile available at a
nearby location, Madras (13.1°N, 80.3°E) at 1730 IST on
March 15, 1995, the temperature at 3.75km is obtained
and is used as the reference.

The temperature profiles derived from equation 2 using the two
procedures are shown in Fig. 3 along with the radiosonde data
(Madras) of temperature for the profile obtained using procedure
(2). The radiosonde data was available only upto 12.5km. The

agreement between the radiosonde profile and the profile from MST
radar data (procedure 2) is quite good. The MST radar derived
temperature profiles show a sharp tropopause located at 16.8km. The
profile obtained by using procedure 1 can be considered to be
applicable to Gadanki location as the prevailing surface temperature
is used to obtain To. It should be pointed out here that the altitude
resolution of the radar derived temperature profiles is ~300m as two
consecutive values of N are used to obtain each temperature value.

The temperature gradient (dT/dz=T") derived from the tempera-
ture profile is shown in Fig. 4. It may be noted that the effect of any
uncertainty in the reference temperature on T’ would be quite
insignificant. The fluctuations in T’ are quite prominent. It is seen
that T’ is less than that corresponding to the adiabatic lapse rate
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Figure 4. Altitude profile of temperature gradient, dT/dz. The dashed line represents the gradient corresponding to the adiabatic lapse

rate.

(shown by dashed line in the figure) as it should be for observing
the B-V oscillations. So, the region (3.75km to 30.6km) is convec-
tively stable and turbulence in the region should be attributed mainly
to generation by wind shear. Considering the Richardson number
(Ri) criterian of Ri for turbulence, a lower limit can be ascribed to
the wind shear that should be present to give rise to turbulence as

2
2

2

where U is the wind speed.

Ri =

Thus for shear generation of turbulence dU/dz > 2N. From Fig.
2, it can be seen that dU/dz should be greater than around
0.02m/sec/m in the troposphere and 0.044 m/sec/m in the strato-
sphere for this condition for turbulence to be satisfied.

In conclusion, altitude profile of temperature can be derived from
MST radar data of vertical wind provided the atmospheric region
under consideration is not convectively unstable. It may be noted
that a data (of vertical wind) length of about an hour is required to
resolve and identify the B-V frequency. The requirement of a long
data length may restrict the availability of useful data as the atmos-
pheric conditions like stability may change during the period of the
data. Further, doppler shift due to background wind can transfer
energy to lower and higher frequencies (than B-V frequency) and
this would tend to flatten or stretch the spectra making identification
of B-V frequency difficult (Rottger, 1980b; Scheffler and Liu, 1985,
1986). Apparently, the present data corresponds to small back-
ground wind velocity conditions as the B-V frequencies could be
identified unambiguously. It would be interesting to study the effect
of background wind on the vertical wind spectra which is being
pursued by us.
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