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ABSTRACT. Radar echoes of 0900 and 1100 UTC over Kochi and 200 km around were studied from 1996 w
1999 along with SST of southeast Arabian Sea and Kochi. The following results are obtained :

() Monsoon convective cloud tops were lower than Pre-monsoon and Post-monsoon convective cloud tops.

(ii) In the mean, monsoon cloud tops gradually increased from 1996 1o 1998 and then decreased.

(iif) Very large convective aclivity existed during August 1997 1o June 1998 compared 1o other periods of this

study.

(iv) Seasonally the higher the SST, the higher is convective cloud top.
(v) Interannuzlly, large positive SST anomaly coincided with high convective activity and this may be related to

then prevailing El Nino.
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1. Introduction

The limited number of available studies, Narayanan
(1967, 1970) and Rao (1976), suggest that compared to
other seasons monsoon cloud tops are of relatively low
heights along west coast of India. The authors decided to
look into the data available at the Cyclone Detection
Radar Station at Kochi. A study was made with available
radar data of years 1996 to 1999 along with sea surface
temperature data for Kochi available with Cochin Port
Hydrographic Survey Office and for southeast Arabian
Sea available from Climate Diagnostic Bulletin of India.

2. Data and presentation

The radar being meant for cyclone detection only, a
routine observation is being taken daily at 0900 UTC and
an occasional cbservation is taken at 1100 UTC. Radar
data is available for 1996 to 1999 except for periods from
8 June to 11 June 1996 and from 11 March to 23 April
1997 and for dates 16 June 1996, 29 September 1996, 2
October 1996 and 19 July 1997. There were 2030
observations during 1996 to 1999 at 0900 UTC and 1100
UTC together and obtained 7953 echoes of convective
clouds of height above 5 km within a circle of radius
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Figs. 1(a-1). Percentage distribution of echoes at various heights
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TABLE 1

Number of observations taken and echoes obtained

1100 UTC

Number of echoes
above 05 kms

448
1031
754
542

0900 UTC

Number of echoes
above 05 kms

741

1594
1533
1290

Number of
observations

162
177
136
147

Number of
observations

358
320
305
363

TABLE 2

Monthly mean heights and average number of echoes above 05 ks

Average number of echoes
per day at 0900 UTC
1997 1998

Mean height in kms

Mouth 0900 UTC

1997 1998

1100 UTC
1997 1998

1999 1996 1996

6.8
6.0

76
77
7.1
6.5
7.5
7.8
10.1
94
8.7

6.7
6.8

74
9.1

8.3
73
7.3
75
83
8.1
8.3

69
9.0

79
8.7
8.7
79
73
6.9
8.2
9.1
7.2
6.8

6.3
7.6

89
94
88
9.8
7.2
6.2
7.4
8.0

74
6.0

8.8
92
7.6
6.3
T35
79

9.8
9.8

6.8
6.5

84
10.9
10.4
9.0
1.6
8.7
7.9

0.35
0.66

0.74
213
1.94
2.04
4.29
213
4.28
224
2.40
1.71

035
0.04

1.29
3.06
5.00
5417
9.55
6.33
1
9.57
4.90

052
0.32

0.50
347
8.13
8.87
0.60
5.16
6.07
5.35
340
2.68

200 km around Kochi. The echo whose height is reported

Schemaltic

Diagram of

Seasonal

Echo

is scanned from base to top by raising the elevation angle
of the radar in each case, as it is the usual and routine
practice in determining the altitude of convective cloud in
radar meteorology in India.

Heights of Echoes

The Radar echoes considered in this study have been
identified as coming from the convective clouds by their
discreteness and vertically oriented reflectivity pattern
reaching beyond freezing level (05 km). Table 1 gives the

Mean

Heights

number of echoes whose altitudes are known and number
of observations used under this study.

Seosonal

Monthly mean heights of echoes above 05 km at 0900

L] Il 1 i 1

— 1598

i L 1 i

Mean

— 1999

| I—

UTC and 1100 UTC and average number of echoes per
day at 0900 UTC expressed in numbers correct to second
decimal are tabulated in Table 2.

Mar Apr Moy Jun

Jul Aug Sep Oct

Nov

Fig. 2. Schematic diagram of seasonal mean echo heights

Dec
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Figs. 3a&b). (a) Daily maximum CB cloud height and (b) Daily SST at 0300 UTC at Kochi

Concentrating on pre-monsoon, monsoon and post-
monsoon periods, echoes of March to May. June to
September and October to December for the years 1996 (o
1999 are classified height-wise for heights above 05 km.
The percentage distribution of echoes of various
heights are graphically represented in Figs. 1(a-1). Mean
heights are taken for pre-monsoon, monsoon and post-
monsoon of 1996 to 1999 and are schematically presented
in Fig. 2.

Daily maximum echo heights of convective cloud
tops observed over a circular area of 200 km radius
around Kochi and the daily SST values at 0300 UTC at
Kochi Port are presented for the period 20 May to 7
October 1997 in Figs. 3(a&b) respectively.

The percentage departure from the average
value of mean echo heights and echo population for

every month for the years 1996 to 1999 are given in Figs.
4(a&b). Also the SST anomaly of monthly mean SST of
southeast Arabian Sea is presented monthwise for the
years 1996 to 1999 in Fig. 5 where only positive
anomaly points above one degree Celsius are joined by
lines.

3.  Results and discussion

Over the area comprising 200 km radius around
Kochi with almost half over Arabian Sea and the
remaining over land, there were convective echoes of
altitude 5 km or more on more than 244 days each in 1996
and 1997, on 263 days or more in 1998 and 262 days or
more in 1999. There was high chance of a convective cell
being detected at 0900 UTC during the period April to
December all these years except for December 1999
Generally height of convective cloud tops increased at
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Fig. 5. Variation of SST anomaly over southeast Arabian sca

1100 UTC compared to that at 0900 UTC. Maximum
convective development was observed in respect of height
and number of echoes during evenings of post monsoon of
1997 and summer of 1998 (Table 2).

Figs. I(a-l) show that during monsoon (June to
September) majority of convective echoes were within 6
to 8 km in height while in other seasons (March to May
and October to December) majority of echoes are of
height 7 to 9 km or more. Fig. 2 gives the mean heights of
echoes showing monsoon months on low side compared
to pre-monsoon and post-monsoon months. Fig. 3(a) also

shows that monsoon period has low maximum cloud tops.
It is, therefore, confirming that monsoon period has low
cloud tops over the southern parts of west coast of India.

It is also seen from Figs. 1(b,e,h &k) and Fig. 2 that
monsoon cloud height gradually increased from 1996 to
1998 and then decreased in 1999.

In Table 2, we see echo numbers were comparatively
less during 1996 and 1999. The large echo numbers seen
during 1997 and 1998 show that echoes increased from
May to August and September to November in 1997 and
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echoes decreased from June to August and September to
December in 1998. It is seen that when echoes were less
in May 1997, the succeeding August and post-monsoon
period witnessed quite large number of echoes. The
situation reversed in 1998. In May 1998 echoes were quite
large in number compared to May 1997 and the
succeeding August and post-monsoon period experienced
less number of echoes. However monsoon echo totals
were more or less same in 1997 and 1998,

As evidenced by the Table 2 and Fig. 2, post-
monsoon of 1997 and pre-monsoon of 1998 had large
echo population and very high echo heights showing
convective activity of very high intensity compared to
other years.

Figs. 3(a & b) taken together is an example of the
seasonal variations of daily maximum convective cloud
heights and 0300 UTC SST values having almost same
characteristic mean rise and fall. The higher the SST, the
higher is convective cloud top. This shows that cloud
height and sea surface temperature suffer seasonal
variations.

Figs. 4(a & b) show that the cloud height and echo
population have interannual variation in their percentage
departures from average values. Maximum intense activity
from August 1997 to June 1998 in height and amount of
cloud echoes as seen in Figs. 4(a & b) correspond to high
SST anomaly of 1° Celsius or more in Fig 5. SST anomaly
of SE Arabian Sea has been high corresponding to then
prevailing El Nino. This higher SST anomaly was
coinciding with very high activity of convective clouds.
Thus El Nino is seen to cause increased convection and
instability. Recent studies have shown that when east
Pacific is warm due to El Nino a large area of equatorial
Indian Ocean also gets a warm anomaly. (Tourre and
White, 1997). This warm anomaly in Indian Ocean was
particularly strong during the 1997-98 El Nino especially
in southeast Arabian Sea. (Monthly Climate Diagnostic
Bulletins issued by NOAA, Washington, USA).

4. Conclusion

Compared to pre-monsoon and post-monsoon,
monsoon convective cloud tops are lower in height.
Monsoon cloud tops increased from 1996 to 1998 and
then decreased. Very large convective activity existed
during August 1997 to June 1998. The higher the SST, the
higher is convective cloud top and sea surface heating is a
deciding factor in convective development as far as
seasonal variation is concerned. Interannual variation of
convective activity is linked with large positive SST
anomaly. High instability of atmosphere and increased
convective activity during 1997 and 1998 seemed related
to high value of SST anomaly and then prevailing El
Nino.

Acknowledgements

Valuable suggestions and guidance given by Dr. P.V.
Joseph, Retired Director of India Meteorological
Department are gratefully acknowledged. Also the authors
gratefully record the sincere work done by S/Shri A.U.
Ramesan, Babu Mathew, K. Madhusudanan and James
Thomas in obtaining these valuable RADAR observations
and are thankful to Shri M.D. Ramachandran, Director
under whose direction most of the observations were
made.

References

Narayanan, V., 1967, “Radar observations of a monsoon rain squall at
Bombay™, Indian J. Meteor. Geophys., 18, 397-402.

Narayanan, V., 1970, “A radar analysis of equatorial precipitating
clouds at Thumba”, fndian J. Meteor. Geophys., 21, 647-650.

Rao, Y. P., 1976, “Southwest Monsoon™. Meteorological Monograph,
IMD, 309-326.

Tourre. Y. M. and White, W.B., 1997, “Evolution ol the ENSO signal
over Indo-Pacific domain”, Jowrnal of Physical oceanography,
27. 683-690.




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110
	Image00111
	Image00112
	Image00113
	Image00114
	Image00115
	Image00116
	Image00117
	Image00118
	Image00119
	Image00120
	Image00121
	Image00122
	Image00123
	Image00124
	Image00125
	Image00126
	Image00127
	Image00128
	Image00129
	Image00130
	Image00131
	Image00132
	Image00133
	Image00134
	Image00135
	Image00136
	Image00137
	Image00138
	Image00139
	Image00140
	Image00141
	Image00142
	Image00143
	Image00144
	Image00145
	Image00146
	Image00147
	Image00148
	Image00149
	Image00150
	Image00151
	Image00152
	Image00153
	Image00154
	Image00155
	Image00156
	Image00157
	Image00158
	Image00159
	Image00160
	Image00161
	Image00162
	Image00163
	Image00164
	Image00165
	Image00166
	Image00167
	Image00168
	Image00169
	Image00170
	Image00171
	Image00172
	Image00173
	Image00174
	Image00175
	Image00176
	Image00177
	Image00178
	Image00179
	Image00180
	Image00181
	Image00182
	Image00183
	Image00184
	Image00185
	Image00186
	Image00187
	Image00188
	Image00189
	Image00190
	Image00191
	Image00192
	Image00193
	Image00194
	Image00195
	Image00196
	Image00197
	Image00198
	Image00199
	Image00200

