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ABSTRACT. In India, Chronometric (C) and Fan (F) type radiosondes which were used in the
fifties and sixties, were gradually replaced by Audio Modulated (AM) type sondes in the late sixties,
The change of insttuments apparently resulted in discontinuities in the time series of monthly means
of contour heights and temperatures. This aspect has been examined in detail by studying the mean
monthly values of contour heights and temperatures of six Indian radiosonde stations for five standard
isobaric levels for four representative months of the year by using the data for the period 1951 - 84,
It has been shcwn by rigorous statistical tests that contour heights and temperatures fell substantially
at stations that used C-type initially and that the fall was less substantial in those that used F-type first,
The differences between the measurements by the various instruments have been shown to be independent
of location and season. Thereupon the standard differences and their standard errors for contour
heights and temperatures have been computed for all the five levels.

the performance characteristics of the instruments
which would vitiate the horizontal gradients. Also over
a country where more than one type of instrument has

1. Introduction
Upper air data from aerological soundings form im-

portant inputs in conventional and numerical weather
prediction for short and medium time scales (1 to 10
days). Time series of monthly, seasonal and annual
values of upper air parameters provide basic material
in studies relating to climatic changes from one year
to another over a period of several years.

Radiosonde carried aloft by balloons furnish the
observational data for determining the vertical variation
of temperature, pressure and humidity in the atmosphere.
The computation of contour heights of standard isobar-
ic levels from the observational data involves the sur-
face pressure as well as the thermal structure between
the surface and the pressure levels concerned. When we
are dealing with daily data over a synoptic network
employing different types of sondes it is necessary to
ensure that there are no systematic differences in
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been in operation or where there has been change of
instrument it is necessary to ensure that the time series
of the mean monthly values of the parameters are
homogeneous before utilisation for climatological stud-
ies.

In India, radiosonde observatories were established
in mid-forties. Initially two types of instruments were
used, the so called Chronometric type (C-type) at sta-
tions roughly north of 22°N and the Fan type (F-type)
in stations south thereof. During late sixties these were
gradually replaced by Audio-Modulated type (AM-type).
At present there are about 33 radiosonde observatories
in India which take two ascents daily at 00 GMT & 12
GMT, using AM-type sondes, With the introduction
of AM-type radiosondes, a discontinuity seems to
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TABLE 1

Radiosonde stations considered for the study

Location Type Date of Date of
Station ————+*—— ofradio- start ol change over

Lat. Long. sonde the radio- from C/F

(°N) (°E) initially sonde ob- type to

used servatory AM type
Calcutta 22°4 88°3 C 16 Mar 1944 | May 1968
Jodhpur 26°2’ 730 C 17 Apr 1946 22 Feb 1969
Delhi 2804 172.)! C 3 Dec 1943 7 Dec 1967
Madras 1320 "80°'1” F 29Juni946 19 Jul 1970
Nagpur Z1°'1: 7O E 1 Oct 1946 12 Nov 1968
Trivandrum 8% 3 76° 6’ F 1 Jul 1947 1 Oct 1970

have been produced in the monthly mean values of upper
air parameters. This has been bricfly discussea in
regard to mean monthly temperatures by Henry Vande
Boogaord (1977). Analysing the data for some ladian
radiosonde stations he’ pointed out that the change of
instrument was apparently responsible for the lowering
of the temperatures noticed especially at upper tropo-
spheric levels. The performance characteristics ol the C
and F type radiosondes have been studied in detail by
Ananthakrishan et a/. (1966) who drew attention to the
existence of a systematic and substantial difference in
the performance of the two instruments. Thus, the hori-
zontal distribution of daily as well as mean monthly
upper air parameters in fifties and sixties, when C and F
type radiosondes were in operation, would show a spatial
discontinuity roughly along 22°N, The time series of
mean monthly contour heights and temperatures of
standard isobaric levels for a given station would show a
discontinuity starting at the month of the change over
of the instrument. The user of the data has to take
cognizance of these discontinuities failing which wrong
conclusions could be reached in interpretation. The
object of this study is to test the monthly means of upper
air parameters of some Indian stations for homogeneity,
to examine the discontinuity arising due to instrumental
changes and to estimate the corrections to be applied
to make the series homogencous.

2. Data

The 34 years period (1951-84 ) has been taken as the
period of the study and six radiosonde stations, viz.,
Delhi, Calcutta, Jodhpur, Nagpur, Madras and Trivan-
drum have been considered. These stations are well dis-
tributed over India and can be taken as being respresen-
tative stations of the regions in which they are located.
The C-type radiosonde was used at the first three
stations and F-type at the remaining three before being
replaced by the AM-type. The latitudes and longitudes
of the six stations, date of starting of the upper air
soundings and the date of the change over from C/F-
type to AM-type are given in Table I (India Met. Dep.
1984). The four months January, April, July and October
representative of the four seasons winter, pre-monsoon,
monsoon and post-monsoon, have been considered.
The mean monthly contour heights and temperatures
at the constant pressure levels 850, _700, 500, 300 and
200 mb have been chosen as the variables to be tested.

In all, these gave rise to 240 time series of monthly mean
values, 120 series each for geopotential heights and
temperatures each with a length of 34, .

The data were extracted from the publication ‘Mon-
thiy Climatic Data for the World’ for the period 1951-83.
For the year 1984, the data was collected from daily
weather charts and the monthly means were worked out.
The monthly mean values utilised in the study are the
averages of 00 and 12 GMT upper air observations.

3. Analysis of data

Let X denotes any one of the 240 time series mention-
edin Sec. 2 and X;and X, denote those parts of the
series pertaining to C/F and AM type sondes res-
pectively. The lengths of X; and X>can be ascertained
Irom Table 1. If X} and X, are homogeneous and trend
iree but X is not, we can suspect a discontinuity in X.
The series X, Xy and X, were tested for homogeneity by
using the runs test (Thom 19606) and for trend by com-
puting the linear trend based on the .method of least
squarcs. The significance of difference of means of
Xy and X, say ( x; -x.) was tested at 5% level by the
students “t* test (Mitchell ez al. 1966) after adjusting
the lenghts of Xy and X, for persistence by using the
formula given by Brooks and Carruthers (1953).
Graphical analysis was also employed. I’ thercupon
we become convinced about the existence of a genuine
discontinuity in X, either X} or X,, but ‘preferably X,
could be corrected by subtracting (y1—X2) from each
member of X, which leads to a series, say Xy'. If X" is
combined with X, a new series, say X’ with same length
as that of X results. If it is homogeneous and trend free
X' can be taken as the corrected series. Thus, X" and
not X represents the true nature of the variation of the
concerned variable with respect to time. The above
analysis was done for every series.

For illustration, we consider the 200 mb October
contour height series over Delhi where the change over
of instruments took place on 7 December 1967. The series:
Xiand X, were found to be homogeneous and trend
free but X was heterogencous and showed a falling trend.
The difference of means y;—x,=100 gpm was found to
be significant at 59, level. As the discontinuity in X
and the fall in heights due to the change of instruments
was convincingly evident, X’ was formed and was
found to be homogeneous and trend free. Figs. 1(a)
and 1(b) show the original heterogeneous series X and
the corrected homogeneous series X”,

All the 240 series were similarly tested and (Y1—X32)
and its standard error were computed for each.

4. Significance of difierence of means

Analysis of difference of means and their significance
revealed that in respect of Deihi, Jodhpur and Calcutta
which used C-type sonde initially, the difference was
significant in 103 out of the 120 series and not signi-
ficant in the ramaining 17. We, therefore, conclude that
generally constant pressure heights and temperatures
have falien substantially in stations that used C-type
radiosonde initially and that necessary corrections must
be applied before using the data.
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Figs. 1(a&b). (a) Time series of mean monthly 200 mb
height of Delhi for the month of October
and (b) Corrected series

Out of the 120 series in respect of Madras, Trivan-
drum and Nagpur, which switched over from F-type
to AM-type, the difference was not significant in 103
series’ and significant in the remaining 12. However,
it was found that the differences were all generally uni-
formly positive and even though not significant at 5%
level, may have become significant if a higher level of
significance had been used. Thus, by taking a total view,
we conclude that a slippage of mean though not very
significant has occurred as a result of switch over
from F-type to AM-type. It would be prudent to
incorporate the corrections even though failure to do
s0 may not result in any serious error. That the (C-AM)
differences are significant and (F-AM) differences
are not, clearly shows that there is a significant differ-
ence between the performances of Cand F type sondes
and that soundings obtained from these two types which
were initially used in India would not be comparable.
As discussed in Sec.1, the same conclusion was arrived
at by Ananthakrishnan et al. (1966), but by an entirely
different approach, i.e., by studying the data obtained
from simultancous C and F-type ascents at several sta-

tions.
5. Standard differences between C, F and AM-type sondes

The computations done so far have yielded 12 (C-F)
and (C-AM) differences for a given level and parameter.
We denote such a set of 12 differences by yy, yas <+ ... 2s
yy2. Let ¢ and o be the mean and standard deviation of
the y's. We would now like to test whether the differences
are independent of station and season. Let (X1, Xgy -+ +3%p)
be a sample corresponding to astation or season drawn
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Fig. 2(a&b). (a) Time seties of mean monthly 200
mb temperature of Bombay for the
month of April and (b) Corrected series
from y’s and x be the sample mean. Thus, there would
be 4 seasonal and 3 station means for which the values
of n are 3 and 4 respectively. The standard error of x

is o/y/n. If the difference between p and X, which
could be tested by r-test, is not significant for the
4 seasonal and 3 station means, it could be concluded
that y’s are independent of station and season. This
means that the variation amongst the yp's are merely
sampling differences. The mean can, therefore, be
considered as a standard difference for the given level
and parameter. The standard error of p is a/4/12.

The above test was done for all the 20 sets of (C-F)
and (C-AM) differences. In all the cases it was found that
for a given level and parameter the differences are inde-
pendent of station and season. The standard difference p
and its standard error were computed for each level and
parameter. The details are given in Table 2.

The standard difference can be thought of as the true
difference between the performance characteristics of
the two types of sondes (i.e., C/F type with AM-type)
for the appropriate level. This can also be used in homo-
genising times series of monthly means of upper air
parameters especially for stations that do not have
sufficiently lengthy data in respect of both the types
of instruments to use the method described in Sec. 3. An
example is the case of Bombay, which had all the three
types of radiosondes, viz., C-type from 7 September 1954,
F-type from 25 February 1963 and AM-type from 1 Jan-
uary 1968 onwards. The 200 mb mean temperature for
Bombay for the month of April for the period 1955-84
is shown in Fig. 2(a). The series is heterogeneous and
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TABLE 2
Standard difference between the various radiosonde instruments

Level  Contour height (gpm)
(mb) - A
C-AM F-AM CF

Temperature ( °C)
' CAM F-AM CF

850 9 4 5 1°5 0.4 1.1

1.2 ©9 @.1) (©.1 (0.1 (0.1
700 17 10 NN I A 1.0
. 6y o 8. % . 02 01 0.1
500 32 16 16 1.5 0.4 1.1

(1.3 (1.3) @(1.3) (0.00 ©.1) (@©.1
300 58 21 17 27 07 20

2.7 27 (2.7 (0.2) 0°2) (0.2)

200 100 29 n 4.0 1.9 2.1
3.99 (.3 @6 (04 (0.2 0.3

The standard errors are given in brackets

discontinuity arising due to the different types of instru-
ments can be seen from the graph. The lengths of data in
respect of C and F-type sondes in this case are too short to
conduct any rigorous statistical tests to estimate the
corrections which have to be applied to make the series
homogeneous. However, we can use the standard correc-
tions given in Table 2, i.e., subtract 4°C and 1.9°C
from the mean temperatures obtained from C & F-type
sondes respectively. The corrected homogeneous series
thus obtained is exhibited in Fig. 2(b). Tt is also evident
from the standard differences of C and F types that the
C-type sondes reported consistently higher heights/
temperatures as compared to those of the F-type sondes.
The (C-F) difference can be obtained by subtracting the
standard difference for F-type sondes from that of the
C-type for each level and parameter. The differences
thus computed are given in Table 2. While analysing the
spatial distribution of a variable for a day or a month
when C or F or both types were in operation it is
advisable to apply corrections to the data taking AM-
type as the standard one or to suitably apply the (C-F)
differences to data of C/F-type stations, so that compari-
sons between wind field and height/temperature field for a
given isobaric level are meaningful. It is, however,
convenient to take the AM-type, which is presently used,
as the standard one.

6. Conclusions

The above study has shown that contour heights/
temperatures reported by F-type sondes were lower than
those reported by C-type sondes and that AM-type
sondes reported still lower values. By analysing the time
series of monthly means of six representative stations of
four representative months the approximate magnitude
of the performance difference between the three different
type of sondes have been computed. The user of the
Indian upper air data must be aware of the heterogeneity
introduced by the change in instrument. This matter has
also to be taken cognizance while working out of
climatological means from the pooled data generated by
various types of sondes, to avoid erroneous conclusions
being derived out of them, The corrections derived in this
note may be of some help in this respect.
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