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ABSTRACT. An attempt has been made to stud“ and evaluate the compatibility of the upper
air thermodynamic data recorded using different types| of Radiosondes during Monex-79 from the
various platforms over Indian sea areas. The observations recorded over the Arabian Sea and Bay
of Bengal areas using Russian Radiosondes from USSR research vessels, Vaisala Omegasonde from
Indian Monex ships, and American dropsonde from the UUS research aircraft together with the Indian
Radiosonde observations from coastal Indian land stations‘ have been studied. The essential information
on the sensorr used in the different types of sondes is also given. The results of intercomparison between
the Indian Radiosonde and Vaisala Omegasonde data has "also been presented.

This study provides an opportunity to evaluate the comparative performance of the Indian Radio-
sonde with that of other established radiosonde techniques in the field of upper air sounding over
land and sea areas. The performance of the temperature and humidity sensors used in the Indian
radiosonde have showed a very high degree of reliability, 'ptability and compatibility in respect of data
recorded by the other established systems. The wind obseryations taken by the Indian sonde have also
shown very close agreement with the Omega winds of Vaisala Omegasonde as brought out by the
results of inter-comparison.

1. Introduction . Bay of Bengal. The fourth ship INS Betwa fitted
with| only a data acquisition module of Navaid

During the Global Weather Experiment and Sounding System was positioned in the Bay of
Monex-79, four Indian ships were deployed in Bengal during Monex-79. The data generated
the Arabian Sea and the Bay of Bengal. Two of were, processed in delayed mode. The US re-
these ships, INS Darshak and INS Deepak, search aircraft and USSR ships deployed over
i with complete FGGE Navaid Sounding the Indian sea areas had real time data process-
Systems capable of producing real time upper ing facilities on board. The Indian land stations
air data were deployed initially over the Arabian also produced real time data using semi auto-
Sea during SOP-II (1 May to 30 June 1979). At mateg, techniques. An attempt has been made to
the end of the Arabian Sea phase, these two cvalu‘fle the compatibility of upper air thermody-
ships along with RV Gaveshani (with an indi- namic¢ data recorded by the FGGE Navaid
genous omegasonde equipment) moved into the Soundling Systems on board Indian Monex ships,
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Fig. 1. Locator chart -([ndian radiosonde land stations)

using the Vaisala Omegasonde, the measurements
made by USSR ships using Russian Radiosondes,
and measurements of the two US research aircraft
CV 990 and Electra using the US dropsonde
and the radiosonde measurements from the
Indian coastal land stations using audio modulat-
ed Indian rediosonde in the near vicinity of
operation of the Indian Monex ships.

2. Data used

2.1. The upper air data collected from the
various platforms over the Indian sea areas as
detailed below have been studied :

(i) Data from five USSR research vessels
using radar systems on board in a station-

* ary polygon in the southeast Arabian
Sea from 2-14 June 1979, and in the
Bay of Bengal during 11-23 July 1979,

(ii) Vaisala omegasonde data from INS
Darshak (9° N, 68° F) in the Arabian
Sea using the FGGE Navaid sounding
system, in close proximity to the USSR
ship polygon on 2 and 3 June 1979 and
at 12 deg 30" N, 89 deg. E in the Bay of
Bengal closest to the USSR ship ‘Priliy’
on 21-23 July 1979.

(iii) The dropsonde data of US research
aircraft CV 990 and ‘Electra’ taken almost
concurrently in close proximity to the
Indian Monex ships over the Arabian Sea
and only from NCAR ‘Electra’ over the
Bay of Bengal near INS Darshak on 21
and 24 July 1979.

(iv) Data from Indian coastal stations using
Indian radiosondes in close proximity of
the above observational platforms.

2.2. The object of this study is to compare
mainly the above upper air data of temperature
and dew point recorded by the sensors used in
the four different systems of radiosondes used on
various piatforms during Monex-79, and to
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establish a correlation and performance compati-
bility of the sensors used in the audio modulated
Indian radiosonde with that of Vaisala omega-
sonde, Russian radiosonde and US dropwind-
sonde. In addition, the results of intercomparison
of the Vaisala Omegasonde with Indian radio-
sonde has been presented.

2.3. The details of meteorological sensors used
in the different types of radiosondes used during
Monex-79 are given in Table 1.

3. Presentation of results

3.1. The locations at which the observations
were taken from the various platforms using
different types of radiosondes, which have been
studied are given in the Locator Chart (Fig. 1).

3.2. The comparative temperature and dew
point data collected by the Russian radiosonde
from the ships ‘Volna’ and ‘Priliv’ and the US
dropsonde from CV 990 and Electra aircraft are
given in Fig. 2. It is seen that the profiles ob-
tained by these two systems of sensors are in
good agreement.

3.3. The data collected by Vaisala omegasonde
from the Indian Monex ships and the Russian
ship radiosonde data collected either at the same
location or in the near proximity during June-
July 1979 in the Arabian Sea and Bay of Bengal
areas, are presented in Fig. 3. Reasonable com-
patibility in the temperature profiles between
Vaisala and the Russian systems of radiosondes
is seen.

3.4. The observations taken by Vaisala
omegasonde on board Indian Monex ships a_nd
the US dropsonde from the two US research air-
craft, more or less at the same locations, are
presented. Bo'h these systems of sondes, viz.,
the Vaisala and US dropsonde used the same
Omega Navaid signals for the upper air mea-
surements of temperature, humidity and wind.
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The stations taken for comparison deploynig the
audio modulated Indian radiosonde during
Monex-79 are indicated in the Locator Chart
(Fig. 1). The temperature profiles obtained bet-
ween the Vaisala omegasonde on board Indian
Monex ships and the Indian radiosonde used
at land stations during Monex-79 in the Arabian
Sea and Bay of Bengal are presented in Fig. 5.
The temperature profiles obtained by Indian
radiosonde agrees well with that of the Vaisala
omegasonde even though the two types of radio-
sondes are using different types of sensors for
temperature and humidity.

4. Result of amalysis

4.1. A statistical analysis of the temperature
and dew point measurements made by the diffe-
rent types of radiosondes used in Monex-79 was
made and the results are given in Table 2.
Keeping the Vaisala omegasonde, Russian
radiosonde and US dropsonde as more establish-
ed versions for reliable upper air measurements,
a comparison was made of the departures of the
Indian radiosondes are in good agreement and
systems. It may be seen from Table 2 that the
measurements made by the Vaisala Omegasonde

and the audio modulated Indian radiosonde show
high degree of compatibility. An attempt was
also made to cxamine as to how far the Vaisala
omegasonde measurement differs from the
Russian radiosonde as well as the US dropsonde.
Mutual compatibility has been established bet-
ween the other types of radiosondes deployed
during Monex-79. The details are discussed be-
low :

(a) Vaisala omegasonde — Indian radiosonde
(Audio modulated)

The upper air temperatures recorded by the
Vaisala omegasonde upto 150 mb were warmer
by 0.8 to 1.2 deg. C. The values varied between
1.5 to 2 deg. C above this level. Whereas the
dew point recorded by Vaisala sonde showed a
drier atmosphere than that indicated by the
Indian Radiosonde upto levels of 150 to 200 mb.
The dew point variations have been of the order
of 2 to 3 Jdeg. C thereby showing drier atmos-
phere by about § to 10 per cent less in humidity.
This shows that the temperatures recorded by the
sensors used in the Vaisala omegasonde and the
Indian cadiosondes are in good agreement and
well within the accuracy limits requig,ed_‘f_qr
synoptic purposes. ki
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The details of meteorological sensors used

TABLE l'

radiosondes ‘deployed fduriqlg Monex-72

“in the different types of

Name of sonde Parameter Sensor 1 Accuracy Range
and platform |
- —
US dropsonde Pressure NI-Fc Anerond cohstant 4+ 2 mb 150-1050 mb
rom modulus alloy | |
NCAR ‘ELECTRA’ | .
and CV 990 aircraft  Temperature Thermister 1 4 0.5°C — 55 to + 40°C
Humidity ~ Carbon Hygrister | +0.3°to 1.1°C —
‘ (dew point)

Vaisala omega- Pressure Ni-Fe Aneroid ca*sule +1.0 mb 10 mb-1060 mb
sonde from Indian constant modulus alloy +0.2 mb above 100 mb
Monex Ships (INS Temperature Bimetal Ni-Fe all 40.15°C — 90°C to 55°C
Darshak, Deepa’: [
and Befwa) |

Humidity =~ Humicap thin ﬁ +2.0% 0to 100%
capacitive dielectr
Polymer

Russian radio- Pressure Be-Cu Aneriod capsule 2.0 mb upto 100 mb
sonde from USSR j +0.5 mb above 100 mb
Research ships
(Priliv,  Volna, _ }

Shirshov, Priboy) Temperature Thermister +1°C — 80°C to +50°C
Humidity Membrane sensm\le - 15% to 1009
to moisture

Indian radiosonde Pressure Ni-Fe Aneroid carlsulg +2.0 mb 1050-150 mb
from coastal constant modulus alloy 0.5 mb above 150 mb
land stations h

Temperature Rod Thermister | +1°C +50° to — 85°C
Humidity  Lithium chloride fil +5% 15% to 100%
hygrister
|
TABLE2 |
Upper air temperatures’ dew point
S.  Mean diffe- t stati- ¢ observed Mean diffe- t stati- t observed
No. rences in stics from the rences in stics from the
tempera- S.D. (Absolute) table at w point  S.D. (Absolute) table at
ture 92 % 'Fd Td 959% con-
I confi- | fidence
dence level
level ~
Vaisala omegasonde (V) minus Indian'radiosonde (1)]
(V- (V=)
1 1.0 1.83 1.55 2.30 1.67 7.65 0.65 2,30
2 1.33 0.87 0.62 2.30 89 1.54 1.74 2.30
3 0.86 1.21 1.87 2.44 l 1.70 1.11 2.44
4 —0.11 1.60 0.20 2.30 2.30 1.32 2.30
5 —0.22 1.30 0.51 2.30 —l WS 2.23 1.58 2.30
6 0.67 1.12 1.79 2.30 1.30 0.87 0.62 2.30
7 0.48 1.20 1.33 2.30
8 0.96 1.01 1.88 2.30
(R-I) Russian radiosonde (R) minus Indian radiosonde (I)
1 —1.86 3.58 1.24 2.34 —1.58 j.62 1.22 2.38
Russian radiosonde (R) minus Vaisala on nde (V)
(R-V) (R-V
1 3.60 7.23 111 2.77 4. 5.26 2.04 2.77
2 —1.92 4.21 1.58 2.20 3.08 4.17 2.56 2.82
3 1.0 1.85 1.53 2.36 1. 3.46 0.82 2.36
U.S. dropsonde (A) minus Vaisala de (V)
{A-V) (A-
1 1.20 1.30 2.06 2.0 0. 8.34 0.0 277
2 5.60 7.27 1.72 2.77 3. 11.55 0.60 2.77
3 1.60 0.55 0.53 2.77 3 4.0 1.88 2.7
4 —1.20 1.10 2.45 2.7
Russian radiosonde (R) minus US drl)psonde (A)
(R-A) (R-A
1 0.2 1.64 0.27 2.77 5. 4.53 2.47 2.47
2 —0.80 1.64 1.09 2.7 —1.80 1.92 2.09 2.72

|
|
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(b) Russian radiosonde - Indian radiosonde

(Audio modulated)

The comparison between the Russian and the
Indian radiosonde also showed that the Russian
sonde measurements were warmer than the
Indian radiosonde varying from 1 to 3 deg. C
for the entire range of the atmosphere from the
ground to 100 mb. The Russian radiosonde also
indicated drier atmosphere than measured by the
Indian radiosonde. The dew point values re-
corded were varying by 2 to 4 deg. C especially
indicating a drier atmosphere by 5 per cent upto
500 mb and 10 per cent above. In spite of this
indication of warmer atmosphere, the compatibi-
lity of observations between these two systems
is high. An earlier intercomparison of audio
modulated Indian radiosonde (1680 MHz) with
the Soviet radiosonde RKZ-2 (1790 MHz) done
during Monsoon-77 at Bombay on 24 June 1977
also indicate similar results. The Indian and
Soviet sondes were simultancously released at
Bombay and from the Soviet Flag Ship RV
Shirshov berthed at Bombay docks respecti-
vely. The results of the two ascents showed
very close agreement in the temperature within
3 deg. C upto 700 mb and 1 deg. C upto 300 mb.
The relative humidity recorded were within a
variation limit of 5 per cent upto 300 mb and
10 per cent upto 700 mb.

(¢) Vaisala omegasonde - US dropsonde

It was noticed while comparing the upper air
temperature measurements made by the Vaisala
omegasonde and US dropwindsondes, which used
the same omega Navaid signals, that the US
dropsonde always indicated higher temperature
values than Vaisala omega upsonde widely vary-
ing by 2 to 4 deg. C from the flight level to the
ground. However, the US dropsonde measure-
ments indicated more moist atmosphere than the
Vaisala omegasonde values at all levels from the
drop level. The humidity values werc even
20 per cent to 30 per cent more than that of
Vaisala omegasonde. A possible explanation for
the indication of higher humidity values by the
US dropsonde sensors may be due to the deposi-
tion of water on the sensors forming an envelope
vitiating the measurement and not allowing the
true dew point temperatures to be recorded.

(d) Russian radiosonde - Vaisala omegasonde

The observations taken by the Russian radio-
sonde and the Vaisala omegasonde indicated that
Vaisala measurements were warmer than the
Russian radiosonde values at all levels, It was
noticed that upto 450 mb temperature values
were higher by 1 to 2 deg. C. Whereas the ob-
servations of dew point temperatures recorded
by Vaisala omegasonde showed drier atmos-
phere than indicated by the Russian radiosondes
especially at levels between 750 mb to 200 mb.
The dew point temperatures were varying from

1 to 3 deg. C indicating a drier atmosphere by
about 10 per cent of humidity.

(e) Russian radiosonde - US dropsonde

The comparison between the Russian radio-
sonde temperatures and the US dropsonde
measurements indicated that the values recorded
by the Russian sonde were cooler below 750 mb
by 1-2 deg. C than that of the US dropsonde.
But no appreciable difference in the temperature
values recorded by these two systems of sondes
were noticed between the flight levels and 750 mb
level. Whereas the dew points recorded by these
two sondes did show an appreciable difference of
20 per cent from the level of drop to the ground.
Again the US dropsonde values were moist.

5. Intercomparison of Vaisala omegasonde and Indian
radiosonde

An attempt was also made to intercompare
the Vaisala omegasonde with that of the Indian
radiosonde at New Delhi during December 1980
by releasing both the sondes more or less at
the same time on four days. The results of the
upper air temperature and dew point measure-
ments taken by these two systems of sondes on
these days of intercomparison are given in Fig. 6.
It is evident from the intercomparison that the
measurements done by these (wo systems of
sondes are highly. compatible as already borne
out from the compatibility studies done on the
observations taken during Monex-79. The strik-
ing coincidence of the profile shapes consequti-
vely during these four days of intercomparison
in Fig. 6 is highly indicative of the performance
stability of the Indian radiosonde temperature
and other sensors.

5.2. The intercomparison data were analysed
te work out the compatibility of the upper winds
obtained from the Vaisala omegasondz and the
Indian radiosonde, The Indian radiosonde re-
corded the winds using the WBRT 1680 MHz
equipment which is in routine use at New Delhi.
Whereas the Vaisala omegasonde observations
were recorded and processed in the FGGE
modules A & B of the Navaid Sounding Systems,
installed at New Delhi. The results of the statisti-
cal analysis of the omega winds and the WBRT
winds are given in Table 3. It is scen that the
wind values recorded by these two systems are
in close agreement and the deviation of the wind
velocities from the surface upto 150 mb levels
is of the order of 4+ 0 to 1.5 mps. The wind
directions recorded by the Vaisala omegasonde
and the Indian radiosonde were also quite con-
sistent and well within -- 10 deg. generally.

6. Conclusions

The above study of performance compatibility
of the various types of temperature sensors used
in the four different radiosondes used in Monex-
79 indicate the following :
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TABLE 3
Upper wind speeds and direction
Vaisala omega sonde (V) minus Indian radiosonde (I)
S. Mean diff- ¢ stati- t observed Mean difTe- ¢ stati-  observed
No. erences in stics from the rences in stics from the
wind speed  S.D. (Absolute)  table at direction S.D. (Absolute) table at
(mps) 95% degrees 95%
confidence confi
V minus I level V minus I dence
level
1 — 1.50 1.57 1.60 1.79 6.33 8.68 2.33 1.79
2 0.70 4.11 0.54 1.79 0.90 2:1 1.13 1.79
3 240 5.26 1.42 1.83 5.90 2.42 0.77 1.83
4 —1.00 2.16 1.46 1.83 9.40 21.0 1.38 1.83
5 —0.82 1.54 1.40 1.83 0.20 38.4 1.0 1.83
6 —1.38 1.60 1.60 1.83 3.70 23.4 0.84 1,83
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(a) The performance of Indian radiosonde 40 !"f DATE  VASLA OMEGASONDE
temperature sensors show high degree of reliabi- ' 8-12-80 b enTTL X
lity and compatibility with that of Vaisala omega- 9-12-80. goocen a {
sonde even though the sensors are of different Lo-i-gg fremsanieas "
type. The differences in temperatures lay within n-12-689 oo =
tﬂge range of 0.8 deg. C to 1.2 deg. C upto 150 mb BD.“;LES N o ““f;?@c’““
and 1-2 deg. C beyond. However, the dew point -
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temperature variation were of the order of 2-
3 deg. C,

(b) The Indian radiosonde temperature values
compared well with the Russian radiosonde vary-
ing 1-3 deg. C from ground to 100 mb. The
variation in the dew point values were between
2-4 deg. C. The compatibility of temperature
observations between the two systems was note-
worthy.

(¢) The Indian radiosonde sensors for tem-
perature measurements have been found to be
comparable in stability, reliability and accuracy
with those of the other well known and establi-
shed systems of radiosondes.

(d) The two systems of sondes using omega
signals namely Vaisala and US dropsonde how-
ever showed wide variation in temperatures 2-

4 deg. C and 20-30 per cent differences in humi-  >°°[
dity.

(e) The intercomparison between the Indian 400
radiosonde and Vaisala omegasonde at New
Delhi showed a consistent and noteworthy agree-
ment in the shape of temperature profiles. This
confirmed the high degree of stability and relia-
bility in performance of the Indian temperature
sensors. The temperature differences were less
than 1 deg C.

(f) The omega winds recorded by Vaisala 800
sonde were in close agreement with the Indian

radiowind measuremenis done during the inter-  29° l ! | | )
comparison. The differences in wind speeds were 000l — ‘ e 20 +30
less than £ 1. 5 mps upto 150 mb level and = 'wTEMpgiawng ceH "
in directions less than + 10 deg. C generally at . =
all levels. Fig. 6
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