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1. Introduction

1-1. Among the radiosonde comparison
flights, with varying number of sondes in each,
carried out at Payerne in May-June 1956,
there were five day flights and four night
flights in which fourteen sondes were used
in train. As this set of flights provides us
with valuable data for judging the compara-
tive performances of all the instruments
simultaneously, an analysis of the data of
these flights alone has been made and the
results are presented in this paper.

12, The fourteen instruments used are—

S. No. Country

Type of sonde

1 Belgium [LR.M.
2 Federal Republic Graw H 50
of Germany
3 Democratic Republic Lange
of Germany
t USA. AN/AMT 4
5 Finland Vaisala
6 France Metox
7 Japan Code Type
8 India Chronometrie
9 United Kingdom Kew MK 1IB
10 Netherlands Philips
11 Switzerland Chronometric
12 U.S.8.R. Moltchanov
RZ 049
13 India Fan
14 Poland Lange (modified)

2. Data

2-1. Values of pressure, temperature and
humidity recorded by each instrument in
these flights have been duplicated and distri-
buted to all co-operating services at Payerne.

The data contain minute to minute values
in Form No. 1. No analysis of humidity values
has been attempted here. Only pressure and
temperature data have been analysed.

2-2, It is understood that for some sondes
radiation corrections were applied to the
temperature data before interpreting the
results. But we have used in this analysis
ouly values uncorrected for radiation effects,

2+3. The fourteen sondes were let off in
a train, the difference in height between
successive sondes being 7 metres. As such,
the values recorded by the different sondes
for the same minute of the flight would not
be comparable because of difference in their
levels. This fact has been taken into con-
sideration while comparing the values of
the different sondes by applying necessary
corrections to the mean values to reduce all
the sonde-means to the same level.

2+4. In the previous analyses of these
Payerne radiosonde comparison data so far
issued (see references), values of pressure and
temperature for selected significant levels
only, i.e., for levels 850, 700, 500, 300, 200,
100, 70, 50, 30 and 20 mb have been taken
into consideration. In this analysis all the
minute to minute recorded values of all
sondes have been made use of. In so doing
each flight has been divided into seven levels
according to the time intervals of the flight,
as follows: 15, 6—10, 11—15, 16—20,
21—30, 31—40 and 41—50 minutes.

2:5. The minute to minute values of all
sondes for each time-interval for each
flight were tabulated separately from Form
No. 1. In Table 1 will be seen a sample of
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TABLE 1
Day: Flight B: Minutes 1—5: Pressure (mb
Instrum.ont mlers
» D =
1 2 3 4 ) 1 5 [ 10 11 12 13 14 Maean
Minutes
1 026 025 019 023 ot fos 015 815 922 0 14 w2 o2 ujl iz
2 NN shi SEi NG N7TT R0 niT 877 582 R 8375 885 NSRS SU7 0 RES
3 852 833 822 sal 47 S35 N30 N YA SO0 830 830 8538 851
4 824 82 800 s NI4 Ny sl S0 S EY S5 806G 824 S18 833 8Is
3 701 R T T80 sl T T TS TR ON22 O TTROTU2 TRG 0 Sil Te6
Mean Q56 835 845 N32 NIT 83T B4 843 851 88T R{Z 335 833 G5 8524
Analysis of wvariance
Component Degrees Sum of Varianee Nquare Ratio of
) | SOUATCS root of variaiees
froedom varianeo

Minutes ! 15EHIGR 30092 199-98 12001

Instruments 13 792 7533 2744 243

Residue 52 154 3.1 1-76

Total il 1600149 2443

guch tabulation of pressure values for day
flight B, level 15 minutes, For nine flichts,
seven levels and two elements, i.e.. pressure
and temperature, 126 such tables were made
out for analysis.
3. Method of analysis

3.1. An analysis of varianee has been
carried out for each of the 126 tables in the
form shown at the bottom of Table 1. The
basic principles of the method are well-
known and have also been explained hy
Delver (1956). The only difference between
the present analysis and Delver’s analvsis
is that he has used the values of all “flights™
for each element and significant level, but
we have analysed each flight and level separa-
tely using minute values. The three con-
poilcnts of variation in our tables are
fore ascribable to (1) instruments. (2} minutes
and (3) residual.

3.9, For want of replications of the same
type in the design of the experiment no
strictly valid estimate of error variance is

there

availahle. But under certain civcumstances,
i.e., if the components of systematic raria-
tion inan analysis of variance are orthogonal.
it shown that the residual
variance can he taken as an error variarce.
In our case the principle of orthogonality
i= satisfied because we may assume that the
differential behaviour of the 14 instruments
have remained the same for the time interval
of 5 or 10 minutes chosen in each case. The
square oot of ihe residual variance in each
table of analysis of variance has, therefore,
heon taken to be an estimate of the error
heen used for
the valunes of

I'Iilrx' heen

of ohservations which has
1 ienificance of

the s
omde-means.

111 !‘f’w['w T

3.3, Table 2 gives the Standard Residue
(S.R.). ie., the square root of the residual
for each level of each flight for
and temperature. While working,
found that in two cases the residual
with the general
orler of values obtained. In one case,in day

varuance
pressiure
It was

variance was not copsistent
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TABLE 2
Values of standard residue

Time (minutes)

Flight

1—5 6—10 11—15 16—20 21—30 31—40 4150

Pressure (mb)
DAY A 3-0 3°1 1-2 18 1:7 1-7 08
B 1-8 2.7 2-4 1-8 2-5 1-¢ 1-1
C 3-5 1-9 1-9 1-4 1-5 1-4 11
D 2-0 1-9 1-3 1-2 17 1-7 1-1
E 3 1-7 1-8 1-8 1-4 1-2 0-0
Mean 2 2.3 1-8 1-6 1-8 1-5 1.0
NIGHT A 23 25 L6 1-9 19 1-2 1:7
B 1-9 1-8 1-7 1-2 1:6 1-3 1-3
(& 48 25 2-5 1-6 2-3 1-8 0.5
D 1-7 2-1 2.4 30 2-5 1-8 1-2
Mean 2-7 2-2 2-1 1-9 3-1 1-4 1-3

Temperature (°C)
DAY A <27 -32 -36 -31 59 <64 -83
B -31 33 <29 27 -4 -61 ]
& 55 -22 37 40 56 62 79
D 44 33 27 - 30 6l 61 52
B -33 63 <35 +30 4 b 50
Mean -38 36 33 32 H6 08 61
NIGHT A -32 31 al 25 *75 46 33
B 28 15 28 -35 =41 =52 =40
C 41 33 -33 <42 74 62 52
D -32 - 36 <20 41 =30 35 41
Mean -33 28 =33 -37 55 o 42

flight D, the value for the third minute was
recorded as 894 mb. Examining this value
with the values of the previous and subsequent
minutes of the instrument and also com-
paring it with values for other instruments,
it was evident that this record was an obvious
mistake for 844 mb. The value has been
taken as 844 mb. In another case the re-
corded pressure value of instrument No.
10 for minutes 1—5 in night flight D have
been rejected as its contribution to residual
variance was abnormally high,

4. Standard error of sonde observations

4-1. Values in Table 2 have been assumed
to give a fair estimate of the standard error
of sonde observations. The very consistency
in the order of the values, despite the dif-
ferences amongst them, is indicative of the
fact that the standard residue gives a fairly
reliable estimate of standard error of radio-
sonde observations. The conditions under
which this assumption is valid and how the
condition is satisfied in our case has already
been shown under 3-2 above,
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4-2, Tt is seen from this table thar the
standard error of pressure determinations
decreases from about 3 mb i lower levels
to about 1 mb at high levels. Dayv flights
show a slightly higher standard error than
the night flights only fur the lowest level, i.e.,
1 to 5 minutes,

4-3, The standard errors of temperature
observations increase from (-3 to 0-4°C
at lower levels to about 0-5 to 0-6°C' at
high levels. Here also slightly greater variabi-

lity of day time temperature observations

than those of night flights is noticeable.

5. Standard error of difference between scnde-mears

With the mean values of standard errors
given in Table 2 it is possible to devive “con-
fidence intervals” for comparing the means
recorded by different imstruments. If mean
day pressure recorded by instrument A for
level 1-—5 minutes is based on w, values and
that of instrument B on u, values and if
the standard error for the level for day flights
is 9 then the standard error of the diffe-
rence of the means will he ep /(T + 1 n,)
and four times this is taken as the “confi-
dence interval”, If the difference between
any two instrument means exceeds half*
the “‘confidence interval” then the
instruments ean be taken to give signi-
ficantly different performance, whereas if
the difference in the means is within half
the confidence interval, the two mstruments
can be supposed to give similar performance.
The differences in the instruments means
have been compared with the help of ap-
propriate confidence intervals computed for
each difference of instrument in
what follows.

two

means

6, Correction for difference in levels

G:1. The mean value of the element,
presssure or temperature as the may
be, for all the minutes has heen computed
in each of the 126 hasic tables and the de-
parture of each sonde-mean from the mean
of all the sondes has also heen deternined.

Case

*If d is the difference between two sonde-menns an

fidence interval is d—20, to d-+25, amounting to an umn al of 4ay,

significant this interval should inelnde zero within,

half the “confidence interval”

v d—25, <0, it d <Zoy

AXD 5. MU'LL

These departures were tabulated out separate-
Iy and the mean departures over all flights
were determined for each level and instru-
ment separately for day and night flights.
These are shown in Tables 3(: .lml 3(h).

-2, Before comparing the means given
by the different instruments they require
correction for the differences in levels as
already indicated in 2:3 above. For this
purpose the temperature or pressure gradient
for that particular flight for each instru-
ment has heen  determined amd a propor-
tional  correction  has been applied to all
the sonde-means other than that of instru-
ment No. 1 which was the topmost in the
train. The corrections were applied so that
all instruments gave values they would have
recorded if they were at the same level as
instrument No. 1.

3 .

. Tables 4(2) and 4(b) give the cor-
rec hnl departures for each Jevel averaged
over day and night flights separately. A
comparison of these values with those in
Tables 3(2) and 3(b) will show the substantial
modifications effected by the corrections in
some cases. The corrections are, therefore,
not negligible.
7. Effect of level corrections on standard error
The ecorrections for reducing all
readings to the level of the first sonde in
the train have been applied only to the
mean values for each sonde (over 5 or 10
minutes) for comparison with each other
and not to the individual minute values
recorded, The latter procedure, while very
desiml:le. was found to he very laborious,
the pressure or temperature gradient
were not uniform within the time mtel\al
of 5 or 10 minutes then these corrections if
applicd to the minute values would have
affocted the standard residue. On the other
hand if the gradient were uniform, only the
variance due toinstruments will be affected
and the rvsiduul variances will not be affected

15, is the stand n-! error of d, then the 95 per cent con.
In order that J may be considered not

ord should be less than
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TABLE 3 /a)
Mean departures (uncorrected)
Sonde Nos. 1 2 3 4 5 [ 7 5 ] 10 11 12 13 14
Level Pressure (mb) : Day : All flights
minutes
1—5 --2:0 454 —48 3-8  —0:6 —10:3 —10:2 —3:6 —2:0 +26-3 —8:0 +40-3 +4-0 413-6
6—10 —2-8 440 —3.6 +2.2 —24 —I11-0 —11-'0 —2-2 0 +23-7 —2:8 —07 4£2.7 4150
11—13 —3-4 50 —1-8 420 —42 —77 —84 +0:6 —1:0 4 87 —2:0 0 +2-5 +13+2
16—20 —4:4 152 0 +2-4 —6:6 —G-0 —4-8 +3-2 +0:2 4 07 —I'4 1-0 +4:0 4 9.8
21—30 —7-4 456 44 2.4 —62 —25 —36 16 420 —353 28 42T 437 4 7.2
31—40 —i+4 -2-8 448 1.6 —44 403 —0-2 0 +1:7 — 97 —38 430 2.5 + 3.7
41-—50 0 408 +6:2 410 —4-4 =10 416 —4-0 —0-3 =100 —4-0 4.7 +0-3 + 2.3
Pressure (mb) : Night : All flights
1—5 37 4G5 —2:0 453 407 —T0 —5:3  —I1-7T 10 41240 =193 413 +£2-7 4 8.8
G—10 —0-7 +6:0 —4:0 +4-2 —=2:0 —4b-0 67 405 410 + 87 —I50 420 3.3 L11-0
11—15 —3-7  +80 —0-53 447 —23 —7 —50 425 437 —53 —80 +33 47 4 50
16—20 —4:0 9.0 2.0 5.2 —30 —47 —2:3 —0-7 430 —13:0 — 6.0 437 46T 4 2.5
2130 —50  +83 440 +60 —7 —45 —0-3 —27 440 —IB3 4 03 445 450 + 2.5
31—40 -7 -+6-2 +55 +40 —3-b —5'7 +1-0 —1-3 +53 —I14-0 + 1-3 +-4-7 0 0
41—50 —2:3 43-7 +6-6 428 —42 —6-2 +0-3 0 —05 —I12:53 4 0:3 60 2.7 0
TABLE 3 (b)
Mean departures (uncorrected)
Sonde Nos, 1 2 3 4 5 i 7 8 9 10 11 12 13 14
Level Temperature (°C): Day : All flights
minutes
1—5 —0-16  40-10 —0-20 +0-75 —0-14 0O —0:18 —0-48 —0-15 +0-92 —I1.10 +0-38 ¢ 1154
G—10 —0:52 —0-22 —0-50 —0-05 —0-06 40-10 —0:22 —0:22 —0-10 +1-27 —1-28 +40-68 -}-0-13 +1-42
11—15  —1-00 —0:10 —0-80 —0:55 -+0:24 —0:07 —0-22 —0:08 —0-25 +0:80 —1-56 --1-28 (.27 +2:20
16—20 —1-72 —0-22 —0-56 —0-73 +0-33 —0-03 —0-26 —0-08 —0-57 +0-33 —1-72 +2:16 -£0-27 -L2.6D
21—30 —2:64 —1:30 —0:30 —1-05 4042 —0-27 —0-32 +0-40 —0-47 0-83 —0-26 --2:50 +0-37 L3.54
31—40  —1:62 —1:60 +0:20 —1:30 054 —047 —0:36 4013 +0-33 +1-03 —0:50 +1:60 —0-17 +3.15
41—50  —1-98 —2-16 —0-50 —2-20 +1:62 +1-67 —0-22 —0-40 +0-50 +0-23 —1-22 42-30 —0-50 -5.-13
Temperature (°C) : Night : All flights
1—5 +0-27 4050 —0-30 40-37 +0-10 —0-13 —0:02 +0-15 —0:07 —0-43 —1-53 —0-40 -0.30 +1:25
i—10 0-20 4027 —0:536 +0:65 +40-20 4025 —0-07 —0-05 +0:30 —0:50 —1.97 0 +0-28 41.05
11—15  —0-47 +0:63 —0:25 -{0-30 40:33 +0:43 —0:05 4010 4027 —0-87 —2:80 40-17 -£0.93 +1.15
16—20  —0-63 4070 —0:05 —0-43 +0-47 40-23 4-0-05 —0-05 —0-17 —L-53 —1-90 +4-0:35 —0-97 +2.20
21—30 —0-77 40-23 40-45 —0-23 +40-17 —0-07 +0:23 —0:23 —0-33 —1-30 —1-40 4010 107 +3:40
91— —0:03 +0:13 +0-80 -++0.03 —0-07 —0:25 40-20 4+0-03 -H0-17 —0-93 —0:57 —0'37 +0:80 -4-0-65
41—50 4047 0:07 40:90 —0-13 +0-20 +0-17 +0:03 40:25 —(-40 —0-07 —0-83 —0-17 4050 +43-10
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TABLE 4 (a)
Mean departures (corrected)

Sonde Nos. 1 2 3 4 5 i 7 N 0 10 11 12 13 14
Levels Pressure fmb) : Day : All flichts

minutes

1—5 -L0-8 +2-0 —3-8 406 —2-8 —85 —S8-0 1-4  —3-3 26-7 74 —0-3 2. +11-0

6—10 —0:2 405 —2:6 —08 —44 —90 —0-2 it 0 237 —22 —13 +41-5 126
11—15 —0-8 L1 —1-2 =06 —$4 —6-3 —T-0 30 —1-3 07 —10 05 420 4-11-4
16—20) —2:0 36 +1-2 402 —7.8 —4-7 —i5-4 +4-8 0.2 - 0-7 1-0 07  -+3-0 80
21—30 —56 434 L50 408 —74 —17 2.8 3d 1-3 57 =22 2.5 27 5-8
31—10 —4-0 420 +5-2 +1:0 —4-4 t1-7 LR 1-3 +2-3 — 6.0 —3-4 +3-5 2.3 4 3-0
41—50 L0-6  +0-4 3-8 406 —48  —0-7 L2.2 3.0 0.7 — Ped —36 47 —0-8 - 2-0

Pressure (mb): Night ¢ All flights
1—3 57 L35 —=2-0 2.5 —1-0 —6+00 —4-0 -3 =043 “12-0 —19-3 4-0-3 FLO - 60
6—10 +2-3 =30 —=3-0 15 30 —40 —5-0 42-5 0 8:7 —14-3 1.7 42-7 - 9-0
11—15 —1-7 143  +0-5 bl —3-0  —37 —=3-7 +3-7 420 f 2.5 — B0 245 La2.7 + 2-5
16—20 —1-3  +6-3 F2-5 -3-3 -3 —3-3 —05 -1-0 30 —I12:7 — 57T 435 +5-7 0
21—30 —30 LA 450 -4-0 -5-7 —3:3 L0-7 —1-3 427 18:3 + 07 45 -+4-0 S R5 ]
31-—40 —4-0  +5-3 LG 3.0 7T 435 1-7 0.3 37 —13'3 4+ 2.0 453 O3 — 05
41—50 160 +3-3 75 420 —3 60 —0-7 L5 =5 -12-5 + 0-7 G-0 +2-3 0
TABLE 4 (b}
Mean depaitures (corrected)

Sonde Nos. 1 2 3 4 5 [ 7 8 9 10 11 12 13 14
Levels Temperature (°C): Day @ All flichts

minutes

1—5 4004 —0-08 —0:10 —0<10 024 —-0-10 —-20 —0H-32 023 S-0-97 N3 —0:13 --1-36
G—10 032 —0-42 —0:40 —0-25 —0-14 -L0-20 —0-12 —0-02 017 4127 4068  40-03
11—15 —0+7G —0-54 —0-83 004 L)y —0-08 U-16 —0:35 LA)-R0 1:22 +40-17
16— 20 — 142 —0-36 —0:30 —0-07 L0-18 --0:17 —0-08 --0-12 067 =0-37 4-2-14 013
21—30 —2:42 —1-64 —0-24 1-93 030 —0-15 —O0-18 053 —0-50 -} 083 L2486 020 4336

—0-17 +3-28

31—40 —1-64 —1-48 +0.18 —1:30 --0-58 —0-47 —0:38 0-10 1030

4150 —2.00 —2:18 —0-52 —2:23 L1662 TG —0:22 040 +0-75 —0-50 4520

Temperature (°C) s Night : All flights

1—5 40-47 40:3%3 —0:20 +0:23 L0010 L0-03 H-07 030 —0.-07 —0-40 1:50 —0:40 -0-27 L1:15
6—10 033 <=0-07 —0-55 —0-47 1007 —0-35 0 O-07  -L0-27 —0-57 0 +0:17 -10-85

11—15 —0-23 4-0.37 H15 4005 4023 47 L0100 L0300 4027 —0:00 =0-15 <40-87 --1:00

16—20 —0-40 £0-37 +0-10 —0-73 40300 L0-35 40-17 4007 —0-27 —1-40 —1-90 -}0-30 <-0-80 --2-00

‘9130
31 —40 40:10 +0-20 L0-85 <003 —0:10 —0-27 L0253 4007 4023 003 —0:52 —0:37 077 4045

—0-53 003 4035 —0:43 40-03 40-07 <40-40 — (03 —0-37 —1:30 —1-30 4-0-10 4-0-93 <3-20

41—50 2047 4007 4000 —0-1% —0-07 L0017 103 025 —0-45 —1-60 —0-83 —0-20 40-30 -L3:10
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much. We have assumed uniform gradients
for all cases.

7-2. To test the validity of the above as-
sumption, however, the corrections for level
were applied to all the minute values and the
analysis of variance carried out and com-
pared with the analysis of variance for the
uncorrected values in the case of four selec-
ted tables. These are shown in Tables 5(a)
and 5(b). It will be seen that the level
corrections do not materially affect the
analysis variance tables and our assumption
that the standard residue is independent of
the level corrections stands, therefore,
justified.

8. Comparison of sonde-means

8-1. Mean values of pressure and tempera-
ture given by different sondes have been cal-
culated for the seven different levels taking
all day flights together and similarly for the
night flights also. The departure of each
gonde-mean from the mean of all sondes
has also been calculated after applying the
correction for level. These departures which
are given in Tables 4(a) and 4(b), form the
basis for our comparisons.

8-2. The following method was adopted in
making an overall comparison of the sonde-
means with respect to the confidence inter-
valsand judging the relative performances of
the different sondes. Each set of 14 depar-
tures corresponding to 14 instruments was
tabulated as in Table 6, which shows the
tabulation of d-partures for day flights,
level 1-—5 minutes, for pressure arranged in
descending order of the departures and also
all the differences of departures for pairs of
instruments. As an inset in the table are given
half the confidence intervals for different
combinations of », and n, that occur in the
table. The values of #, and n, which are the
numbers of minute-values on which the
sonde-means are based are given in brackets
along with corresponding instrument means.
The values of departure differences in the
main body of the table which are equal to
or less than the corresponding half of confi-
dence interval have been separated out from

the differences in excess of the same by
underlining the former. The differences in
the values of n, and n, for different com-
parisons are due to the fact that observations
have not been recorded for some instruments
in some flights and hence all the sonde-
means are not based on same number of
observations.

8-3. Using the fourteen tables similar to
Table 6, seven for day and seven for night,
another table has been prepared (Table T)
showing the number of occasions in which
the differences between each pair of sonde-
means were within half the confidence inter-
val. For example, the figure 8in cell against
the instruments 4 and 9 in Table 7 shows
that out of 14 occasions, on eight, the dif-
terences between sonde-means of pressure
for instruments 4 and 9 were within half the
confidence interval, i.e., the two instruments
behaved alike. Similarly, Table 8 gives the
frequencies for temperature comparisons.

8+4. Tables T and 8 were then recast into
Tables 9 and 10 in which the instruments
have been arranged in the descending order
of total number of non-significant compari-
sons each sonde showed with all other sondes.

9, An assessment of the comparability of the different
sondes

9-1. Pressure—The frequencies shown in
Table 9 indicate the number of occasions
out of 14 when the differences between the
pressure means given by the corresponding
pair of sondes were not significant, i.e., the
number of occasions when the pair of sondes
showed similar performance. If all the 14
sondes had behaved satisfactorily showing
comparable values within the confidence
limit, then all the frequencies in Table 9 would
have bezen 14 each. Viewed {rom this back-
ground sondes may be grouped as follows—

(1) Group A—Sondes 4, 9 and 12 give
the most comparable values of pressure
among themselves.

(it) Group B—Sondes 1, 2, 3, 8 and 13
show a slightly lower degree of comparability
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TABLE 5

Comparison of variances for coirected and uncorrected values

(a) Pressure b, Temperature

Variances for Variances for

Factor F. ——h— —
Uncorrected Corrected Uncorrected Correeted

—A .

Flight A : Day Iessure : 1.5 minutes Flight A : Day Temperature : 1-5 minutes
Instruments 13 781 745 Instruments . 9.8
Minutes 4 17983 EalE Minutes 313-3

Residue 52 -0 10+ Yesidue 56 0-07 0-08

Flight : Day Pressure : 11-15 minutes Flight A : Day Temperature : 11-15 minutes

[nstruments 5 275 263 Instruments : 2-1 18

Minutes 26455 264915 Minutes ¥ 9350 2333

Residue o2 3-0 30 Residue Hé 123

TABLE 6

Level s 1=3 minutes

Pairs of differences of mean valnes of differen

Instru-  Mean
ment ideparture

Confi-
dence

limit
1-6Gmh
1-7Tmh
1-Smb
l-smh
I-Omb
2:0mhb
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TABLE 7
Frequencies of non-significant differences between pair of sondes out of 14 pressure differences
lnst\t:ummt 1 2 3 4 5 ] 7 8 ] 10 11 12 13 14
1 _
2 4 -—
i 2 2 —
4 5 3 4 —
5 2 — 3 —_ —_
6 2 1 1 1 4 —_
7 1 1 1 1 2 7 -
8 1 5 2 3 2 1 1 —
9 2 o b 5 2 2 1 2 —_
10 1 - 1 2 — - —_ 1 e —
11 2 1 2 1 1 1 4 2 2 — —
12 4 4 ] 8 1 — — 5 s 2 1 —
13 1 7 1 5 —_ 2 — 6 5 1 - 4 -
14 2 - - 1 — - 4 4 3 2 2 1 3 -
TABLE 8
Frequencies of non-significant differences between pair of sondes out of 14 temperature differences
Instrument 1 ) 3 4 i 6 7 8 0 10 11 12 13 14
No.
1 —
2 6 -
3 4 4 —
4 7 7 4 -
i 2 i 2 (i —_
6 2 it 4 1 7 —
7 2 6 5 6 8 G -
8 3 6 1 3 10 4 9 -
] 5 4 5 5 4 3 5 5 i
10 — 1 2 1 1 1 —_ — —_ _
11 —_ 1 —_ 1 —_ 2 —- — — 1 —
12 - 3 2 i i 3 3 4 1 1 1 —
13 4 2 3 2 7 5 6 5 g = = 1 P
14 — —_— 1 — — — — — —_ 1 — — 2 —_
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TABLE 9

Frequencies of non-significant pressure difierences rearranged

Instrument

No.

Tota,

' 12 ~ 13 2 d 7 | t
5

3 g

) H 1

y } 3 7

} o 2 | 2

51 I I 1 ! 2

1 - 1 — | | 1

I 1 ! 3 2

1 1 2 1 1 b i -
1 1 3 - 1 2 2 { 2 1

1 2 . o) » 2 4

2 2 | | —= 1 | — 2
14 +3 37 35 33 340 29 23 2:2 i

TABLE 10

Frequencies of non-significant femperature diflerences rearranged

[nstrument
No.




ANALYSIS OF PAYERNE RADIOSONDE COMPARISONS

among themselves as well as with sondes in
Group A.

(¢7) Group C—Sondes 6 and 7 give a
comparable performance between themselves
but neither shows agreement with the first
two groups mentioned above. Other sondes,
i.e., Nos. 5, 10, 11 and 14 show very little
agreement among themselves as well as with
Groups A and B above.

9-2. Temperature — Examining Table 10
with the same background it is seen that in
this case the instruments can be grouped as
follows—

(1) Group A-—Sondes 5, T and 8 which show
a fairly high degree of comparability in per-
formance

(i) Group B—Sondes 1, 2, 3, 4, 6, 9, 12
and 13 which show a slightly lower order of
agreement

(727) Group (—Sondes 10, 11 and 14 which
show very little agreement with the other
instruments or among themselves.

9-3. The remarks given in 9-1 and 9-2
above are in the nature of general assessment
of the performances of the instruments and
are subject to all the limitations of the basic
data used and the estimates of standard errors
as derived here for the purpose. In the opinion
of the authors of this paper they should be
construad only as indicative of the nature of
conclusions which are to be confirmed by
forther comparisons with proper experiment-
al designs to yield valid estimates of standard
errors of sonde observations,

10, Summary of coneclusions

10-1. As estimate of the errors of sonde
observations is possible from an analysis of the
flights with 14 sondes carried out at Payerne,

10-2. The variance due to instruments was
in all cases many times the Standard Residue
and highly significant thereby showing very
high variability among the instruments,

10-3. For pressure, the standard error

decreases from 3 mb at lower levels to 1 mb at
high levels. For temperatures, the standard
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error increases from 0-3 to 0-4°C at lower
levels to 05 to 0-6° C at high levels.

10-4. In comparing the sonde-means, correc-
tions have been applied to the differences in
the lovels of sondes in the train to reduce all
sonde-means to the level of topmost sonde in
the train. It has been shown that these correc-
tions do not affect materially the values of
standard errors found (vide 10-3 above).

10-5. An overall comparison of sonde-
means of pairs of sondes has been made with
the help of confidence intervals derived from
the standard errors determined and the follow-
ing performance of the sondes has been
found—

Pressure

Degree of

Sonde Nos. comparability

A 4,9, 12
B 1,238 13
C 5, *6, *7, 10, 11, 14

Good
Fair
Poor,

*Sondes 6 and 7 yield good compara-
bility between them

Temperature

Degree of

Sonde Nos. comparability

5,78
B 1,2,3,4,6,9,12 13
C 10,11, 14

Good
Fair
Poor

11, Suggestions for further work

11-1. By using the sonde-means of sondes
4,9and 12 for pressure and of sondes 5, T and
8 for temperature, corrections may be derived
for the other sonde-means but before accept-
able corrections are determined it is necessary
to know the sonde errors of individual sondes
and see whether they are comparable.
(Corrections for a highly variable sonde may
prove of no practical utility.
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111-2, Tt may he  worthwhile  to analvs
the minute records of other flights made ar
Payerne in a similar manner. The
flights were made only with selected instru-
ments in each case. But still when all
ascents are analysed and studicd it <showld e
possible to derive some conclusions regarding
the comparability of the different  instru-
ments. We may be able to confirm or reviee
our conclusions from the present  analvsis
from such analysis of the other asconts,

11:3. One drawback in the design of the
Paverne radiosonde comparisons was that no
provision was made for a dircet determina-
tion of the sonde-errors by replication of each
gonde. The sonde-crrovs were left to be de-
termined by residual variances, which hap-
pened to he very large when the data of all
flights were combined. In any fature design of
comparisons, provision should he made for
replications which will yield valid estimates
of standard errors. It is recogniscd that
replications would make the design with such
a large number of tyvpes of sondes unwieldy

otlier
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and H'rL]'-]‘:LMJn‘ni-lv. Bur on the vxpﬁ,‘.l‘in]'l(-n ot
the present analysis and results put down it
mav he wsible to evolve a suitable  but man-
aseable design for future comparisons,

11-4. Alternatively the sonde-errors of all
types of sondes should be determined by all
services separately according to a standard
design of replicated flights and such errors
should he  used for comparison of sonde-
means with unreplicated flights,
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