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ABSTRACT. Sodar echograms recorded at Delhi (NPL) under all weather conditions have shown many
a times stratified layers in addition to the surface based layer. These layers may be single or multiple, continuous
or intermittent and may be superposed with perturbations. Data obscrved for the period May 1977-April 1979
have been analysed with respect to their height, thickness, time, degree of inversion gradient and wind shear. It
has been seen that stratified elevated layers occur under all kinds of strong or weak wind shear and inversion
conditions. However, layers obscrved on days of occurrence of thunderstorm or cold fronts have been seen to be
accompanied_with _strong wind shear conditions. The magnitude of wind shear has been calculated on days of
sudden drop in surface temperature occurring during the storm. The calculated wind shear values show a

hazardous situation for aviation.

1. Introduction

Analysis of several major aircraft accidents
(Hardesty et al. 1977, Fujita & Caracena 1977)
has established beyond doubt that low level wind
shear can sometimes reach magnitudes that ex-
ceed the design capabilities of the aircraft and
the ability of the crew to take corrective action.
The sudden change in the lift power of an aircraft
within any altitude interval in the lower atmosphere
can be critical for safe take off and landing phases.
To overcome this complex problem of wind shear
in aviation, a need has arisen to monitor wind
shear at airports.

Wind shear (Hardesty ef al. 1977) is recognized
to be of two types. It may be associated with large
scale frontal or inversion surfaces and usually
occurs above the ground with little or no surface
manifestation. Alternately, it may be related to the
fronts that result from cold down currents gen-
erated by or associated with intense convective
activity and produces marked changes in surface
wind, temperature and pressure. It can be measured
apidly and continuously with improved spatial

and temporal resolution using remote sensing
devices (Derr & Little 1970) involving electro-
magnetic and acoustic waves. However, electro-
magnetic devices as compared to the acoustic devices
give only a limited information in the boundary
layer. Doppler sodar can give a measure of the
wind shear to a height varying between ground
and 500 m while a vertically sounding sodar can
give a continuous picture of the turbulent structure
in the boundary layer from a lowest height of about
25 m to a height varying between 500 and 1500 m.
Herein height and time variation of temperature
inversions and wind shear zones can be monitored
(Holmgren et al. 1976). Although the backscatter-
ing sodar looks only at the thermal structure of the
boundary layer, it has however, been shown
(Wyngaard ef al. 1971) that wind shear is a para-
meter incorporated in the thermal structure para-
meter itself.

In a vertically sounding acoustic sounder, a
stable layer near the ground gives rise to one or
more quasi-horizontal echoes with band structure
in small intervals of height. These layer/layers,
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Fig. 1. Occuirence percentages of the ‘various types
of sodar structures on the NPL sounder (Data
pertains to the period May 1977 to April 1979)

usually a few tens mctres thick, correspond in
height to regions of sharp vertical gradients in rc-
fracting index. In the presence of a marked wind
shear within an inversion, structures similar to
refractive waves may also occur. Ottersien et af,
(1973) have ascribed these clear air scatlering layers
to zones of enhanced static stability with vertical
shear of the horizontal wind accentuated. Small
scale overturning and turbulence may breakout
within these thin zones or layers afler the streng-
thening of the shear by large scale processes.
Holmes et al. (1976) have linked the slightly
rounded saw tooth appearance of the wave re-
flecting layers to the existence of cold fronts. The
appearance of these waves is accompanied with a
drop in temperature of about 2° C during the
event measured on a continuously recording
Stevenson screen. The echoing layers mark the
dynamically unstable upper limit of the cool
downdraft and the somewhat broken waves in-
dicate the presence of strong wind shear.

It is also possible that echoes from wind shear
without pronounced temperature inversion can
come about even in the presence of weak to
medium surface winds. With these points in view
the sodar observed data of stratified/elevated layers
under stable conditions have been analysed and

reported in the following.

2. Experimental results and discussions

During the course of the two years observations
from May. 1977 to April 1979, data were recorded
for 400 days covering 8840 hours of observations.
Out of the 60.9 per cent time of the occurrence
of shear echoes, for 6 per cent of the time stra-
tified/elevated layer structures with or without
the wave motion superposed over it were seen
(Fig. 1). Layers superposed with wave motions
were seen for 3.3 per cent of the time (waves

over elevated layers for 2.0 per cent of the time and
over stratified layers for 1.3 percent of the time)
while for 2.7 per cent of the time layer siructures
without waves (stratified layers for 1.5 percent
of the time and elevated layer for 1.2 percent
of the time) were seen. It has been further seen
that for most of the time (around 80 per cent)
of the wave structure was of the broken wave
type.

The few distinct types of structures of the
horizontally stratified/elevated layers are shown
in Fig. 2. Tt is seen that these ccho palterns are
of the following types :

(i) an eclevated layer over and above the
surface based layer,

(ii) thin multiple laycrs alongwith the surface
based layer and

(iii) slow sinusoidal undulations on the layers
showing sometimes overturning features
like a sharp vortex or a slightly rounded
sawtooth appearance.

These stratified/clevated layer structures over
Delhi have been found to be mostly occurring
within a height range of 150-3C0 m (Fig. 3a) al-
though they have also been seen to exist sometimes
upto a height of 500 m. The most probable thick-
ness of these layers (Fig. 3b) is within the range
25-50 m while layers as thick as 100 m have also
been seen. These layers occur very ofien after mid-
night although they can occur at any other time
of the day also. The duration time of the layers
with superposed undulations is mostly within a
couple of hours (Fig. 4) although they have been
seen to exist as long as ten hours at a stretch.

To link the occurrence of the stratified/elevated
layer structures to the existence of temperature
inversion and/or to the presence of wind shear
the observed featurcs of these layers have been
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Fig. 2. Time height sodar records of the stratified/elevated layer structures
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Fig. 3. Plot of occurrence probability and (a) height range and
(b) thickness of the stratified/elevated layers
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Fig. 4. Plot of occurrence probability and duration of
the stratified/clevated layers

analysed {faking into account the radiosonde
data at Aya Nagar (Delhi) observatory of India
Meteorological Department, It is assumed that
the atmospheric conditions at Aya Nagar, a place
20 km south of National Physical Laboratory,
are the same as in the vicinity of the
National Physical Laboratory although it may
not be strictly true. These data are avai-
lable kere twice daily at 0000 and 1200 GMT
over a height range of about 25 km but
for our purpose only the data at the surface
level and at the first significant level at a height
around 250 m above ground are important.

Potential temperature gradient and wind shear
have been computed from these data for the
days of stratified/clevated layers for times close
to the occurrence of the layers. Wind shear equal
to or more than 0.4/sec in magnitude or equal to
ormore than 45° in direction has been taken to be
strong while lower values have been termed to
represent weak. The sclection of these limits has
been made on the basis of the analysis of the
available data with respect to the ambient con-
ditions.

On the basis of the above data from the radio-
sonde, it has been found that the stratified layer
can be categorized under the following four kind
of combinations of inversion and wind shear :

(i) strong wind shear and weak inversion,

(if) strong wind shear and strong inversion,

(i) weak wind shear and strong inversion
and

(iv) weak wind shear and weak inversion.

The existence of the layers under conditions
of strong wind shear and weak inversion is 18
per cent, under conditions of strong wind shear
and strong inversion is 15 percent, under condi-
tions of weak wind shear and strong
inversion is 35 per cent while under conditions of
both weak wind shear and weak inversion is
32 per cent. From this it seems that layers under
strong wind shear conditions exist only for one
third time of the presence of layer structures, i.e.,
for 2.0 percent of the total time of observation
of the sodar echograms for the two years period.
Further it is seen that strong stable conditions
can be associated with both strong and weak
wind shear and that the strong wind shear is not
always related to the observation of waves on sodar
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Fig. 5. Diurnal variations of the occurrence probability
of the layer structures under the four conditions
of stability and wind shear

echograms. The surface winds on days of strong
wind shear have been blowing from light to
moderate  (4-8 m/s), clear nights have mostly
strong temperature stability while under weakly
stable conditions the weather had been cloudy,
dusty, rainy or has experienced a thunder storm.
A cold front has been mostly followed by a sud-
den drop in surface temperature and a wave like
turbulence has also been seen on the sodar echo-
gram. Strong wind shear has been mostly wit-
nessed either in pre-monsoon weather or post-
monsoon weather while weak wind shear has
been seen scattered all over the year.

The diurnal variations of the probable occur-
rence of the layers for the four different con-
ditions of temperature inversion and wind shear
are shown in Fig. 5. It is seen from this diagram
that wind shear under strong inversion con-
ditions is visible mostly after mid-night, i.e.,
in the early hours of the morning while wind
shear under weakly stable conditions is possible
at any hour of the day, however, the maximum
probability is in the early morning hours only.

3. Wind shear studies on days of thunderstorm

A duststorm/thunderstorm (Byers & Braham
1949) quite often generates a vigorous rain
cooled downdraft which spreads out horizontally
as it reaches the surface. The resulting cold
outflow is led by a strong front (wind surge)
along the discontinuity between the cold dense
air and the less dense ambient environment

S. P. SINGAL et al.

TABLE 1

Sodar data and values of derived wind shear
on days of fronts

Time of  Temperature  Wind
ocecurrence drop shear
Date of the AT
front
(IST) (°C) (s)
7 Jun 77 1945 8.0 0.16
13 Jun 77 1945 4.5 0.12
14 Jun 77 0630 3.0 0.08
15 Apr 78 2000 3.5 0.09
18 Apr 78 2130 4.0 0.10
31 May 78 1830 3.5 0.08
8 Jun 78 0500 2.5 0.07
9 Jun 78 2330 7.0 0.12
14 Jun 78 1530 2.0 0.07
30 Mar 79 2100 3.0 0.10
24 Apr 79 0945 4.0 0.13
14 May 79 2030 4.5 0.09
12 Jun 79 1300 4.0 0.11
15 Jun 79 1630 3.5 0.09
30 Jun 79 1545 5.0 0.12

and causes rapid wind speed and direction changes
in the lower atmosphere leading to the generation
of pronounced wind shear. The cold ir outflow
from storms is statically stable but hightly
turbulent and thus exhibits large fluctuations in
acoustic refractive index leading to strong acoustic
echoes. The signatures of the meteorological
phenomena are made in the form of a deep well
mixed layer or an undulating layer on the sodar
echogram and a drop in surface temperature on
the Stevenson screen with the arrival of the
first surge.

Mitchell (1975) has shown that a temperature
drop due to a cold front is always associated with
wind shear and further that the larger the tem-
perature drop, the greater the observed wind
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Fig. 6. Plot of calculated wind shear and temperature
drop for the various days of front

shear associated with it. Hall er al. (1976) have
worked a model relating temperature drop to
wind shear. According to this model :

ou 1 AT \}

2z aR; (ghT )
where « is a constant whose value has been worked
out to be 4/2 when the dissipative processes
(Benjamin 1968) are neglected, R; is the
Richardson number, AT is the drop in tempera-
ture, 7" is the atmospheric temperature and A is
the height range of the cold front,

The above equation has been applied to the
many cold fronts observed by the NPL sounder
to calculate the wind shear using the drop in
temperature seen in the surface temperature during
the course of the duststorm/thunderstorm. The
height range of the cold front was measured
from the observed height of the layer/layers on the
sodar echogram while the Richardson number
R; was assumed to be equal to 0.2 in all the cases
as this is the most probable value under these
conditions. It may be remarked here that on all
these days the echo structure on the sodar echo-
grams is of the broken wave type with a sharp

peak.

The calculated values of wind shear are given
in Table 1 for the various days on which a layered
structure was observed after a duststorm/thun-
derstorm, It is seen that on quite a few days of

the cold out-flow wind shear is greater than 0.1
s—1 while on the rest of the days it is close to
0.1 s=! which can be hazardous (Synder 1968)
to large, swept wing, jet-powered aircraft for
a couple of hours or more after a duststorm/thun-
derstorm has blown over. The value of wind
shear obtained in Table 1 have also been plotted
(Fig. 6) against the corresponding drop in
temperature observed during the occurrence of
the front. The representative behaviour of these
plots is seen in the shape of a straight line which
can be expressed mathematically as :
duloz = 0.015 AT 4 0.04

This empirical equation offers an easy solution
to determine the wind shear at a place from the
temperature drop alone noticed on the day of
a cold front. It may, however, be seen that in the
above calculations, we have assumed a value of
0.2 for R; which may not be strictly valid. A
detailed analysis of R; at any place is, therefore,
needed before arriving at the final equation for
wind shear in terms of temperature drop on a
day of cold front,
4. Conclusion

It has been thus seen that under stable con-
ditions stratification of the surface based inversion
layer is due to wind shear. Echoes representing
wind shear have been observed both with and
without the presence of pronounced temperature
inversion, although, Beran et al. (1971) have
observed that areas of maximum temperature
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structure parameter are associated with regions of
vertical wind shear. It may be remarked that
relation between sodar records and temperature
and wind profiles is difficult to establish with the
present work since these measurements have not
been made at the same place and at the same
time with high resolution.

Wind shear associated with fronts has been
calculated for the cases where a drop in surface
temperature during the occurrence of front had
been available. 1t has been seen that in these
cases wind shear far exceeds the safe limits re-
quired for aircraft safety for their take off and
landing phases. These cases can be casily dis-
tinguished on sodar records by their typical
broken wave structure.

The above studies sugsest that probing by
conventional techniques and Doppler sodar should
be taken up at the carliest to measure wind
velocity and wind shear in the planetary boundary
layer. These measurements may also help to
develop a pattern recognition technique using
monostatic sodar to monitor boundary layer for
wind shear information.
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