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Derivation of cloud top heights using HRIR data

ABSTRACT . Grid

N. 8. BHASKARA RAO and V. P. BAXENA
Meteorological Office, Pune
(Reecived 24 July 1974)

int temperatures derived from Radianco measurements of High Resolution Infra-.

Red sensors of Nimbus [1T were obtained from World Data Centre, Goddard Space Flight Centre, U.8.A. for specific
areas on two selected days—7 Nov 1969 and 24 Jul 1969. The former is a day on which a severe cyclonic storm
crossed the east coast of India near 17°N and the latter is a day on which monsoon was active generally over the
country. The thermal fields were analysed and the cloud top heights derived in different sectors of the disturbed
arear. The resalts have been discussed in terms of the synoptic situations and aerological data of nearby ground

stations.

1. Introduetion

1.1, The infra-red radiance data of seanning
radio-meters on board the meteorological satellites
have been utilised for various studies of the

* earth-atmospheric system. Of particular interest
to operational problems is the High Resolution
Infrared (HRIR) data, dueto the fact that they
provide information on the cloud distribution
during night time and the radiance data is con-
vertible to the surface temperature data of the field
goanned. From the temperature data the three
dimensional topography of the cloud flelds can
be obtained.

1.2. Warneck etal. (1967) have utilised the HRIR
data from Nimbus IT to map out the sea surface
temperatures. Of particular interest in their in-
vestigation was the usefulness of these data in
the detection of major ocean currents like the Gulf
stream ete and shifts in their positions from time
to time. The standard error between satellite
data temperatures and those obtained from low
flying aircraft was reported to be 2.3°K in 288
pairs of concurrent data.

1.3. The estimation of cloud heights from HRIR
data is based on the principle that thick clouds
radiate energy nearly like a black body, and the
energy spectrum of the outgoing radiation cor-
responds to the temperature of the eloud top. It
is reported® that in U.8.8.R, the operational units
of the Weather Service receive surface tempera-
ture charts and maps of upper limits of clouds bas-
ed on measurements of radiation temperatures
in the 8-12uM wave band received from Kosmos
satellites.

1.4. As yet the HRIR data have not been
brought to operational use for obtaining cloud

top heights in India. To the best of the knowledge
of the present authors, no investigational work has
so far been published on this subject from studies
in the Indian area.

1.5. Asheights of cloud tops are of considerable
operational importance especially in aviation me-
teorology, this present study has been undertaken.
It is also highly interesting to obtain an idea of
the three dimensional structure of the cloud field
associated with tropical cyclones during the tran-
gition months and of the monsoon cloud svstems
of the northern summer.

1.6. With a view to make a sample study of the
types of cloud fields mentioned above, HRIR
data for the required area for 7 November 1969
(a cyclonic storm case) and 24 July 1969 (a Mon-
soon clouding ease) were obtained from the World
Data Centre, Goddard Space Flight Centre, Mary-
land, U.8.A. The data are grid point temperature
values, The data were analysed and the results
are presented in this paper.

2. Data

2.1. The above data are from the radiance mea-
surements made by the Nimbuas III satellite.
The resolution of the HRIR data is about 8 km
at the sub-satellite point and deteriorates to
about 35 km towards the east-west ends of the
scans. The data for 7 November 1969 were from
the night time scan (near about 1800 GMT over
the required area). The data were requisitioned and
were supplied for grid meshes of lengths 0.125,
0.250 and 0.625 of degrees (Lat./Long.), The area
covered was from 10°N to 30°N and from 75°E
to 85°E.

*WMO Executive Committee-XXIT Boientific discussions— “Progress in the use of data from Satellites ir: the Hydro

Meteorologieal Service of the USSR Oct 1870
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2.2. The data for 24 July 1969 was for the grid
mesh of 0.125° and covers the area between 0° and
20° N and 70° to 80°E. Time of observation is
around 1800 GMT.

2.3. Apart from the grid point data, the pictorial
form of the cloud imagery for the entire scan from
pole to pole were also supplied. In both the cases
the required areas lie in the central regions of the
scansand so the resolution of the sensor data is
satisfactory.

8. Case I—Cyclonic Storm of 7 November 1969

3.1. A brief history of the storm and synoptic

conditions.

3.1.1. A low pressure area moved into north
Andaman Sea on 2 November 1969 which con-
centrated into a depression by 4th. Moving in
westnorthwesterly direction it became a eyclonic
storm on 5th and intensified into a  severe eyelonic
storm on 6thmorning with its centre near Lat.
14°N, Long. 87°E.
westnorthwesterly direction and struck the Andhra
coast near 17°N and lay with its centre at 1200
GMT on that day near Nidadavolu (about 17°N,
81.5°E). At 1800 GMT (the time of satellite data)
its centre wasnear 17°N, 80°H. It weakened into a
cyclonic storm during the night and next morning
it lay with its centre near Hyderabad. Tt weaken-
ed further on 8th and moving in a northwesterly
direction lay as a depression near Ahmednagar
on 9th morning. The lowest pressure recorded
was at Nidadavolu being 975.2 mb at 1730 IST
of Tth and the corresponding pressure defect
was 35.8 mb. The storm caused heavy flooding
in the coastal districts of Andhra Pradesh parti-
cularly in the east and west Godavari districts
causing damage to standing crops and loss of

life.

3.1.2. The section of the cloud imagery pertain-
ing to the storm area from orbit No. 2781 of Nim-
bus IITisshown in Fig. 1. It can beseen from the
picture that though the storm had crossed coast
and advanced well inland, the cloud structure
remains the features of a well developed storm out
at sea with a central overcast mass and an
outer structure of spiral bands. A secondary
bright overcast area isseen just tothe northwest
of the central overcast mass of the storm.

3.1.3. Fig. 2 shows the surface isobaric system
at 18 GMT with the cloud imagery in the back-

round. The track of the storm and the rainfall
recorded at 0830 IST on 8tharealsoshown in the
figure. Five closed isobars drawn at 2 mb interval
cover the storm area, the value of the lowest iso-
bar being 1000 mb.  The storm has apparently
weakened considerably © between 12 and 18

GMT of Tth.

It continued to move in &

Fig. 1. Cloud imagery of the storm obiained from HRIR

sensors cof Nim'wus 1 Orbit  No. 2781 on
7 Nov 1969.  Approx. time 1800 GMT (Areas
marked ABCD -please vefer Wig., 7)

Surface isobars at 1800 GMT on 7 Nov 1969 with
cloud imagery in the background. The track
of the storm and the rainfall amount recorded
at 0300 GMT of 8 Nov 69 aro a'so shown

Fig. 2.
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Fig. 3(a). 500 mb streanmlines at 1200 GMT on 7 Nov 1969

3.1.4. It may be mentioned here that there
is a difference in the positions of the centre of
storm as obtained from the cloud imagery and as
seen from conventional data. The isobaric field
had to be shifted by about 1° to the north and
1° to the west so that the centre of the storm
obtained by the above two methods coincide,
This may parily be due to the tilt of the system
with height as the s‘orm was weakening and the
satellite pictures tend to reflect the upper por-
tions of the storm.

3.1.5. The shift also makes the rainfall pattern
more comparable with the brightness pattern
seen in the satellite picture—for example the
heavy rainfall amounts near 19° N along the east
coast coincide with the bright overcast area to
the northeast of the storm. It is stated in
“Nimbus IIT User’s Guide” that the grid points
are electronically superimposed on the film and
manually checked to maintain an accuracy. of
better than 1 degree (Lat./Long.) at the sub-
satellite point. Srinivasan (1970) discussed the
various types of errors which enter into operational
gridding of APT pictures with particular re-
ference to Indian area. Considering all the fac-
tors the correction given to the HRIR picture
ocation appears tobe reasonable.

Fig. 3(b). 200 mb streamlines at 1200 GML on 7 Nov 1939

3.1.6. The 500 mb and 200 mb streamline pat-
terns are shown in Figs. 3(a) and 3(b) respectively
with the cloud imagery as anunderlay. In keeping
with the shift given to the isobaric chart, the
corresponding shift was also given to these upper
air charts. In this case there is a time differ-
ence of 6 hours between the time of the upper
charts and the time of the satellite picture. Hence
the upper air systems lie about 1° (Lat./Long.)
to the eastsoutheast of the corresponding cloud
features. The well marked spiral band to the
south (Fig. 3a) lies at its eastern and along the
trough extending from the storm and the axis
of the trough is shown by the thick dashed line.
This kind of cyclonic wind shear was also seen
at the lower levels. The other band seen on.
the satellite picture also seems to follow the
general flow pattern. The anticyclonic system
to the northwest of the storm over Rajasthan is
characterised by clear skies,

3.1.7. The chief features seen on the 200 mb
stream line chart are (¢) strong diffluent field over
the storm area, (i7) an anticyclonically curved
flow which seems to agree with the curve of cirrus
top of the spiral band to the south ofthe centre
and (4ii) strong westerly winds north of 25°N,
The diffluent field and the possible divergence may
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Fig. 4. Isothermal analysis of the temperature field chizined from Nimhys
III HRIR data_of 1800 GMT of 7 Nov 1969

be partly due to the strong ‘convective activity
in the area. Fujita (1968) has shown that lm‘g_n
masses of convective clouds transport consi-
derable amount of air from the lower to upper
tropospheric levels, where they cause strong
horizontal divergence. His slu:lms”}:, ere  based
on winds derived from ATS 1 and ATS 3 data.

3.9. Sutellite temperature data analysis

3.2.1. The temperature data for the finest mesh
(grid length 0.125°) have been plotted to scale
of an enlargement of the cloud imagery shown
in Fig. 1. The isothermal analysis of the plotted
data is shown in Fig. 4. The complexity of the
temperature field seen on the figure indicates that
wide variations of the cloud top heights can occur
over short distances. The analysis also indicates
that no thick cirrus top exists over the disturbed

area as rapid variations in the temperature data
are also observed in the two heavy overcast areas
with a few gaps of relatively much warmer tem-
peratures inthe overcast areas,

3.2.2. The extremes of temperatures found in the
data are 200°K on the lower side and 300°K on the
higher side. Very low temperatures (210°K or
less) are observed in the central overcast area
in the spiral bands to the south and also in thé
heavy overcast area to northeast, Along the spiral
band to the south also, pockets of such low tem-
peratures are also seen.

3.3. Sea surface temperature

~3.3.1. Areas of temperature above 300°K are
found to lie both over land and sea. Over the sea
arcas they lie mostly tothe south of 12°N indicat-
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ing the sea surface temperature to be about 27° C.
Braun(1971) discussed the limits of the accuracy
of infra-red radiation measurements of sea-surface
temperature from satellites and stated that the
greatest acouracy with which the temperature can
be determined using one or two channel radiometer
working in the 3.4 to 4.2 uM spectral region is about
2t03°C.

339. A direct comparison of the highest tem-
peratures in the apparently cloud free areas was
made in the study. Fig. b shows the ships’ ob-
servations in the Bay of Bengal from 5 to 8 Nov-
ember 1969. The sea surface temperature is
around 29°C. The highest temperatures of 300°K
from HRIR data agrees fairly well with ships’
observations within the limits of the experimen-
tal errors.

3.4. Heights of cloud tops

3.4.1. The lowest temperatures apparently refer
to the tops of the highest clouds in the area. How-
ever, according to “‘Nimbus III User’s Guide”
temperatures below 210°K may not be realistic.
Even assuming that all temperatures below 210°K
are truncated to 210°K, it shows that the maximum
heights were around 13-14 kma.s.1.

3.4.2. To obtain the heights of cloud tops from
the satellite temperature data, an average tem-
perature-height profile was drawn _taking the 1200
GMT data of 7th and 0000 GMT data of 8th
from the stations lying in the affected area. It
was noticed that the gradients of temperature in
the area were not significantly large justifying the
use of an average profile.

3.4.3. In Fig. 4, the arcas whose temperatures
were below 240°K have been shaded lightly and
those below 220°K heavily. As can be seen
the correspondence between the shaded areas and
major features seen on the cloud picture (Fig. 1)
is good. Clouds with tops at very great heights
(12 km and above) were found in the central over-
cast mass, the bright cloud mass northeast of it
and in the well marked band south of the storm

centre.

3.4.4. Cross-sectional profiles of cloud-top heights
through the storm centre are shown in Figs,
6 (a) and 6(b), the former profile being along 80°E
meridian and the latter being along Lat. TN,

3.4.5. It can be seen from Fig. 6(a) that cloud
tops of 9 Jan and above practically cover-the see-
tion fromabout 16°N to about 22°N. Judging from
the rainfall distribution which does not amount
to much north of 19°N the high cloud tops between
19°N and 22°N may be mostly those of cirrus clouds
with a few cumulus cells below and a few tall
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Fig. 5. Ships observations from the Bay of Bengal from
5 to 8 Nov 1969

clouds protruding jabove the cirrus layer. The
very low heights indicated south of 13°N refer
to equivalent surface temperatures and to some
amount of low cloud development in that sector.
Towards the northern end the cloud picture reveals
practically clear skies. Hence the heights indi-
cated may apparently refer to the surface tem-
perature which in that area was around 20°C
(giving equivalent height of 1.5 km a.s.1.). A few
cumulus elouds of sizes below the resolution of the
sensors may also have been present.

3.4.6. The zonal cross-section shown in Fig.
6(b) exhibits som> typical charactevistics of a
cyclonic storm with the lowering of cloud tops
near about the centre and wall-clouds around the
centre extending in height to about 12km a.s.1.
Hubert et al. (1969) got similar radial profiles for
Hurricane Inez (for 4 Oct 1966). The difference
in the longitudinal position of the central area
based on conventional data and that shown by
this cross-section is about a degree. The two
secondary maxima in cloud top heights region on
the flanks apparently refer to adjacent band
structure of the storm.

3.5. Cloud amount and distribution

3.5.1. Krishna Rao (1970) discussed the estima-
tion of cloud amount and heights from satellite
I.R. data. A analysis was also made of the present
data on similar lines. The grid point value data
in different 1°-squares were taken and the per-
centage frequency distribution of temperatures
falling in 10°C intervals were worked out. The
histograms thus obtained for 4 sample 1° squares
are shown in Fig. 7. Fig. 7(a) refers to the dense
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Fig. 6(a). Meridional profile of the temperature data along Long, S0°E obtained from the HRIR date of 7 Nov 1969,
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Fig. 6(b). Zonal

profile of the temp data along Lat. 17°N

obtained from the HRIR data of 7 Nov 1969

overcast mass to the northeast of the storm centre
which is the brightest area in the whole picture
(Fig. 1). It can be seen even in this area which
appears almost uniformly bright in the cloud im-
agery that cloud tops are at the heights ranging
from 4 to 14 km. In HRIR imagery the absence
of shadows and highlights (which are found in TV
picture data), makes the interpretation of night
time imagery more difficult unless the actual tem-
perature values are available. Nearly 50 per cent
of the temperature value lie af or !‘H'II'I\\' 240°K
showing that Cb tops with their C canopies occupy
approximatey half the area. On the other hand
temperatures as high as 280 K 1-l-.-ng-.I.-‘_l in this
area show that no dense cirrus covers the entire

area. The conventional data indicated mainly

low stratus cloud in the area with precipitation at
1800 GMT of 7 November 1969, Vizag reported oh
clouds. Rainfall recorded at 0300 GMT of 8 April
1959 (Fig. 2) indicated heavy falls in the area.

3.5.2,

nass.

Fig. 7(b) refers to the central overcast
In this area about one-fourth of the data
indicated temperatures below 240°K and the
extreme values of 210°K were not found. The
averags height of the cloud tops works out to be
about 9 km, the range being about 4-12 km.
About 45 per cent of the data refer to cloud tops
at orabout 9 km. The conventional data indicated
low stratus and thick altostratus. Heavy precipta-
tion recorded on 8th in the area indicates heavy
showers and convective activity. )

9 s 9

3.5.3. Fig. T(e) is chosen in the striated band to
the north of the storm. This indicates large
cumulus build-ups with cirrus outflow in this ;lrna.
Fairly widespread large cumulus/Ob with tops
around 6-9 km cover nearly 80 per cent of the
area. Hven though in the cloud imagery picture
some areas appear free from clouds the highest
temperatures of only 10°C! are found in this region
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Tig. 7. Histograms showing the frequency distribution of temperature falling in 10°C intervals for 4 Bample
1° squares In the storm area (7 Nov 1969). Equivalent heights are also given in the diagram. Area
lies over the dense mass to the NE of centre overcast area. Area ‘B’

»

lls over the centre overcast

area. Area ‘(" falls over the striated cloud bands to the north of the storm and area ‘D’ to the darkest

part to the NW of the storm (Areas shown in Fig. 1)

Fig. 8. Percentage frequency distribution of temperatures for the entire are a (75°-85°E, 10°-30° N). Equivalent

heights are also shown,

which is atleast 10°lower than the actual tempera-
tures as reported at 1800 GMT from the surface
stations. Thisindicatesthat somescattered clouds
of areal extent below the resolution of the in-
strument are present in the area. The 1800
GMT data in the area indicated mainly high
clouds.  Apparently the observations being
made in night time, some of the smaller convec-
tive clouds might have beeimissed.

3.5.4. Fig.7(d)is chosen inone of the darkest
regions of the picture (Lat. 26°-27°N, Long, 75°-
76°E). The temperature range found in this area
is from 280° to 300°K. The surface temperatures
reported from land station in this area were
27°C' which agrees with the highest temperature
300° K obtained. The lower temperature show
that some small scattered low clouds below the
resohition of the sensors or scattered C'i cloud
below the level of discernment are present in the
area. Continental data indicate clear skies in
this area.

3 5.5. Fig. 8 shows the percentage frequency
distribution of temperatures for the entire area
(75°-85°K, 10°-30°N). It is seen from this figure
that cloud tops at 9 km and above occupy about
17 per cent of the area and cloud tops between 3
{0 9 km occupy about 1/3 of the area. The remain-
ing 5O per cent area is either free from clouds
or occupied by scatt ered low clouds.

4, Case II — Southwest Monsoon eclouding
4.1. Synoptic situation

For this study, 24 July 1969 was chosen. as on
this day rainfall was nearly general in most parts
of the country. The cloud imagery is shown in
Fig. 9. The principal features of the clouds shown
by the figure are (i) two long parallel bands of
clouds one nearly along Lat. 6°N and another
along Lats. 8°-10°N, (ii) other broken bands also
lie parallel to Tats., and (iii) a very bright mass
near 20°N, 80°KE.

4.1.1. The 18 GMT surface chart of 24 July 1969
and the 12 GMT 850, 500 and 200 mb charts are
shown in Figs. 10(a) to 10(d) respectively. The 24-
hr rainfall chart of 03 GMT of 25th is also shown
in Fig. 10(a). The chief features seen on the surface
chart are (i) & well marked. trough in the Comorin
area; which is apparently associated with the
marked convective activity seen in the satellite
picture in those latitudes, (ii) a low pressure sys-
tem over northeast Madhya Pradesh and adjoining
Uttar Pradesh whichlies in the general monsoon
trough. The monsoon trough at its eastern end
was dipping into west central and adjoining north-
west Bay. The 850 mb chart shows that strong
westerlies prevailed over the Peninsula and a well-
marked cyclonic circulation over north Orissa.
This was discernible at the T00 mb level also.
At 500 mb level the east-west discontinuity runs
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.. 1

Fig. 9. Cloud imagery of the monsoon clouds over the Indian area and neighbourhood obtained from
HRIR sensors of Nimbus ITT. Orbit No. 1360, 24 Jul 1969, Approximate time*1800 aMT
(Areas marked EFGH please refer Fig. 11). -

T T
25 JuL 1969

0300 GMT !

Tig. 10(b). 850 mb streamlines at 1200 GMT on 24 Jul 1969

Fig. 10(a). Surface isobars at 1800 GMT on 24 Jul 1969
with the rainfall amounts at 0300 GMT of
25 Jul 1969 plotted.




(CLOUD TOP HEIGHTS USING HRIR DATA 455

“
k .
L.—-A— :
T, e
. . Bo* °g* oo, . o e ,
2 Pt L . L "

Fig, 10(c). 500 mb streamlines at 1200 GMT on 24 Jul 1969

#AREA=%79.80'E J9-20'N

~
o
T

CE) (F)

g
NNRARY

)
o)
I

w
o
T

"
Q

RANRARNN

FREQ. OF OBSERVATIONS (/)
b
o
I

o

27 .,
L]

ol Y 75

79-80 EJ6-1IN

L

W s .
\Q‘%qi 5

~“egire Y1

'}

5 28 S

Fig. 10(d). 200 mb streamlines at 1200 GMT on 24 Jul 1969
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Fig. 11. Histograms showing the frequency distribution of temperatures falling in 10°C intervals for four sample 1°
squares as shown in Fig. O(Please sco under section 4-2). Equivalent heights are also shown &

the corresponding temperatures.

roughly along 17°N over Peninsular India. Easter-
liesofspeeds 30-50 kt areseen at the200mb level
over the Peninsula. The cirrus outflow from
the parallel bands of clouds seen between 4°
and 10°N is in keeping with the strong easterlies
seen on this chart.

4:2 Distribution of cloud amounts and heights

4,2.1. Asin the case of the eyclonic storm dis-
cussed in sections 3-4 and 3-5, the frequency
distribution of the temperatures for 1° squares
in different areas were calculated. Fig. 11 shows
the histograms for four selected areas, Fig. 11
(area E on Fig. 9.) pertains to the brightest
area seen on the picture. More than 86 per cent
of the area refers to cloud tops at or above 12.5

km indicating that almost the entire area 18
covered by dense cirrus top of the Cb clouds. The
rainfall figures also confirm good convective
activity in the area covered by the overcast mass
even though the rainfall reported from this parti-
cular1° square is not much but thunderstorms
were reported. There is no observation from this
square on 18 GMT chart of 24 July 1969. However
the nearhy stations are heavily overcast with
thick altostratus clouds being reported. The area
received widespread rainfall on that day with
isolated heavy falls being reported by nearby
stations.

42.2. Area F (Fig. 11 b) refers to broken
cloud region. Multilayered clouds with isolated
Ob clouds covering about 20 percent area Wwere
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Fig. 12. Ships observations from the Arabian Sea from 22 to 25 July 1969

apparently present in this 1° square. The conven-
tional data showed that the area was heavily over-
cast with low stratus and thick atlostratvs beirg
reported from all the stations inand around the
area. Some scattered rainfall was recovded.

4.2.3. Arvea G (Fig.11 ¢) is chosen in a fairly dark
region between two cloud bands.  Broken low
clouds with thin cirrus seem to be present as
could be judged from the frequency distribution.
The maximum temperature around 300K appar-
ently refers to sea surface temperature, indicating
it to beahout 27°C. Ships observations of the sea
surface temperature from 22nd to 25th are shown
in Fig. 12. Over thearea concerned the temper-
atures seem to be around 27-°28°C which is m
fair agreement. There is no conventional data
in this area or nearby.

4.2.4. Area H(Fig.11d)is an other dark region.
As compared to area ‘G’ this area appears to be
more cloud free and is reflected in the frequency
distribution of the temperatures. The presence of
a sheet of a thin cloud below the level of discern-
ment seems fo be causing a general lowering of the

temperature by about 15°C. There is no conven-
tional data for this area also but nearby ships
reported 2-3 okta of low cloud and some amount
of medium clouds.

4-2-5. Fig. 13 shows the isothermal analysis
of the plotted data between 4°-8°N and 70°-
80°E with an enlargement of the cloud magery
system as an underlay. The noteworthy points
seen on this figure are (i) the steep temperature
gradients at the edges of the cloud bands and (1)
relatively slack temperature gradients over the
overcast area, indicating that the major portion
of the bright area is more or less at about the same
temperature (same height), representative of (i
overcast, with a few small gells projecting above.

5. Some limifation and eautionary remarks

5.1. Some of the short comings of using SR data

for obtaining cloud top temperatures are briefly

mentioned below keeping in view the operational
aspects.

_ 5.1.1. (i) Since the resolution of the SR data
is about 8 km at best, and is likely to be on the
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Fig.13. Tsothermal analysis of the temperature field obtained from Nimbus TIT HRIR data of 1800GMT of 24 Jul 1969

average about 10 to 15 km even in the central
portion of the picture, there is an inherent avera-
ging of temperatures within the field in view, with
the result that any high Cb top whose horizontal
dimensions do not exceed 8 km, is likelv to be
missed or in other words, it is quite possible that
the lowest temperatures may not correspond to
the maximum height in the case of cellular con-
veetive clouds. Further, the truncation of HRIR
data at 210°K leaves inferminate cloud teps
above the level of, say, 14 km or so.

(#) When grid point values are taken, a fur-
ther scope for missing arises due to the fact that
very low temperatures covering small horizontal
extent may fall in between two grid points. This
also tends to suggest cloud tops at lower heights
than are actually present.

(4#i) Tt is well realised that thin cirrus overcast
cannot be seen in cloud imagerys from satellites.
However, they can more or less uniformly lower
the temperature values. The estimates of such
lowering for Ci below the level of discernment
is estimated to be about 2 to b degrees. While

this may not significantly affect the inferences
cloud tops, say upto about 12 km in the tropies,
can lead to over estimation of clouds above that
height due to the fact that the normal lapse rates
at high altitudes below the tropopause are usually
small.

(i) The short-comings in gridding experienced
in this study have already been discussed in se-
ction 3-1.

So, in using the SR data for obtaining cloud
tops, these limitations need be kept in mind

6. Diseussions of the results and econclusions

(#) The analysis in thermal field has shown the
three dimensional structure of the clond felds
associated with the two synoptic situations under
study. Clouds with estimated heights ahove 12 km
were found on both the occasions, some of the
clouds heing at heights greater than 14 km. In
the case of the eyclonic storm, elonds with maxi-
mum heights (greater than 14 km) were found in
the central overcast area and the heavily overcast
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area to the NE of it and also in the spiral bands,
The zonal and meridional cross-sections of cloud
heights obtained by using these data show typical
characteristics of a storm system even though the
storm lies well in land.

(#7) The frequency analysis of the equivalent
height data has demonstrated the usefulness of
the method in drawing conclusions as to the spa-
tial distribution of convective clonds with signi-
ficant vertical development.

It is to be concluded from the present study
that a potentially useful method of evaluating
the three dimensional picture cf the cloud stru-
ctures associated with different types of synoptic
gituations for meeting the day to day operational
needs ean be developed on real time analysis of
High Resolution Infra-Red Scanning Radiometer
data, since the above analysis is amenable to

N. 8. BHASKARA RAO axp V. P. SAXENA

computer methods. Such information on clond
tops cannot possibly be cbtained by any other
method over vast stretches of oceanic aceas or
even land areas which are not under surveillance
of ground based radars equipped with devices or
obtaining cloud tops. On the other hand, the
demand for such information is already there
especially in the case of high-flying aircraft like
the present day jets and will continue to increase
with the infroduction of supersonic aircraft.
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