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Short history of the
Czech aerology 
The first experimental aerologi-
cal measurements with radioson-
des started in 1946 at the
Ruzyne airport in Prague. Since
then, many substantial changes
have taken place. The location
of the aerological station, sen-
sors and radiosondes, the proce-
dures for handling the radioson-
des, the total aerological system
and software have all been
changed at least once. The
Prague-Libus aerological station
(50.02ºN, 14.45ºE, 304 m,
WMO ID: 11520) started oper-
ating officially in 1970 when the
new observatory was inaugurat-
ed. The basic parameters - pres-
sure, temperature, humidity
(PTU) and wind profiles - were
measured at 00 and 12 UTC to
start with, and only wind was

measured at 06 and 18 UTC.
However, in 1974, the observa-
tions were extended to cover all
parameters four times a day. In
1978, the observational schedule
was enhanced with ozone
soundings, which took place all
year round until 1982. Since
then, the Prague-Libus station
has measured the vertical pro-
files of ozone three times per
week from January to April.

The Vaisala DigiCORA®

Sounding System MW11 was in-
stalled at the Prague-Libus sta-
tion in 1991, which started to
use Vaisala Radiosondes RS80 in
January 1992. The introduction
of the new ground equipment
and new radiosondes was the
most important milestone in
aerological measurement in the
Czech Republic. The new very
accurate radiosondes, together

with the automation of post-
flight data processing, improved
the data quality to a high level.

In 1994, the Prague-Libus
station extended its scope to ra-
dioactivity measurements and
started to measure vertical pro-
files of beta and gamma activity.
In 2000, the schedule of radioac-
tivity soundings was changed
from once-a-month to once
every four months (in January,
April, July and October). Since
the beginning of 1999, Vaisala
Radiosondes RS90 have been

used for routine soundings at
the Prague-Libus station, but a
transition to the recently intro-
duced Vaisala Radiosondes
RS92 and the DigiCORA®

Sounding System MW21 is be-
ing planned.

Validation trial aims 
The accuracy of radiosonde
measurement is very important
to meteorologists, not only for
numerical weather forecasts, but
also in aviation. It is therefore vi-
tal to determine the effect of ra-
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Comparing GPS and Loran-C windfinding performance

Vaisala Radiosonde RS92 
Validation Trial at Prague-Libus
The Czech Hydrometeorological Institute
(CHMI) plans to start using Vaisala Radioson-
des RS92 and the Vaisala DigiCORA® Sound-
ing System MW21 at its Prague-Libus aero-
logical station. Striving to ensure the highest
possible data quality and homogeneity of the
time series, the CHMI carried out a validation
trial of the Loran-C and GPS windfinding
models of the RS92 and of the sounding
system MW21 during the period 
May 26 - June 6, 2003.

The Czech Hydrometeorological
Institute’s sounding station at
the Prague-Libus observatory,  
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sure, temperature, humidity and
wind differences were analyzed
on a pressure scale. Figures 1 and
2 show the RS80 vs. RS92 and
RS90 vs. RS92 mean pressure
differences. Temperature and hu-
midity differences are shown in
figures 3, 4 and 5, 6 respectively.
The wind direction and wind
speed comparison is presented
in figures 7, 8 and 9, 10.

At the end of the trial,

diosonde change and to evaluate
the differences in data brought
about by a transition to a new ra-
diosonde type is of crucial im-
portance. A comparison of “old”
and “new” radiosondes is a use-
ful source of such information.
The main aim of the validation
trial at Prague-Libus was to eval-
uate radiosonde sensor perfor-
mance. However, the data trans-
mission of both of Vaisala’s
sounding systems - the MW11
and MW21 - was tested too.

Test setup
The Prague-Libus comparison test
consisted of 33 dual soundings.
On every flight, two types of ra-
diosondes were suspended about
1 meter below a bamboo rod, ap-
proximately 60 m below a single
balloon. In most cases, the com-
parison soundings were made at
06, 12 and 18 UTC (WMO stan-
dard sounding times). For the Lo-
ran-C windfinding comparison,
the RS92-KL radiosondes were
compared with the RS90-AL,
while the RS92-SGP radiosondes
were launched together with the
RS80-15G to compare the GPS
windfinding. The MW11 ground
equipment collected the data
from the RS80 and RS90 ra-
diosondes, whereas the MW21
was used to process the RS92 data.

The calibration of the RS92-
SGP was checked in the field im-
mediately prior to launch. The
RS80-15G and the RS90-AL cal-
ibrations were also checked. At

the time of testing, the Ground
Check Set GC25 was under de-
velopment and could not yet be
used for the RS92-KL.

Data processing
Data were processed using edited
5-second data on the MW11 and
MW21. Vertical profiles of pres-
sure, temperature, humidity and
wind were compared. Direct dif-
ferences computed on a time

scale were used as the “first” step
check on the data. The software
developed for WMO radio-
sonde intercomparison (Radio
and Ozonesonde Comparison
and Evaluation Software Pack-
age) was used as an additional
validation step. The RS92 data
were used as the reference and
were checked against the corre-
sponding values on the RS80 or
RS90. Vertical profiles of pres- ➤

A balloon with Vaisala
Radiosondes RS90 and RS92 with
Loran-C windfinding suspended
about 1 m below a bamboo rig
ready for release at Prague-Libus,
Czech Republic. From the left: Mr.
Cernoch and Mrs. Skrivankova. 



the heights of standard pressure
levels 500, 300, 200, 100 and 50
hPa were compared against the
ALADIN model analysis (see
table 1). The ALADIN (Aire-
Limitée Adaptation Dynamique
developement International) is a
numerical model of the atmos-
phere developed by an interna-
tional team working mainly at
Météo-France. The results calcu-
lated by the ALADIN model are
used for the short-range weather
forecasting in the CHMI’s
weather service while the Prague-
Libus station uses the ALADIN
forecast of heights of standard
pressure levels as a quality check
routine. 

Test results

As expected, there were bigger
differences between the PTU
values measured by the RS80
and the RS92 sensors than be-
tween those of the RS90 and
RS92. The differences in pres-
sure measurements between the
RS92 and RS80 originate mainly
from the different pressure sen-
sors in these two radiosonde
types. The RS80 is equipped
with an aneroid BAROCAP®

pressure sensor while the RS92
and RS90 are equipped with a
silicon BAROCAP® pressure
sensor. The aneroid sensor is
known to have a positive pres-

sure bias as its internal tempera-
ture changes from a higher to a
colder temperature [1]. Near the
ground the RS92 indicated low-
er pressures than the RS80. In
the stratosphere, the average dif-
ference between the RS92 and
RS80 pressure measurement was
about -0.4 hPa (see fig. 1). 

The ground check pressure
correction was performed only for
the RS90-AL, which can be one of
the reasons for the difference in
pressure measurement from the
RS92 and RS90. The average dif-
ference between the RS92 and
RS90 pressure measurement was
about -0.3 hPa (see fig. 2).

The differences between
temperature observations for the
RS92 and RS80, presented in fig.
3, are in line with the results of
the RS90 radiosonde test in Vi-
enna [2] and with the Met Of-
fice RS90 temperature sensor
evaluations [3]. A small warm
bias in the RS80 temperature
measurement was seen in the
troposphere. In the stratosphere,
the faster RS92 temperature sen-
sor response together with the
differences in the radiation cor-
rections between RS92 and
RS80 resulted in an increasing
deviation of the temperature
profile. The RS92 temperature
sensor is the same as in the
RS90. Consequently, the differ-
ences in temperature measure-

ment were mostly between 
-0.1°C and 0.1°C up to the 20-
hPa pressure level. The increase
of bias above the 20-hPa level
(see fig. 4) would require a more
comprehensive testing.

The heated H-HUMICAP®

is a fast, defrosting humidity sen-
sor used in the RS90 and RS92
radiosondes, while the RS80 em-
ploys an earlier version of the A-
HUMICAP®, which has no
heating. The big differences in
humidity profiles from between
the RS92 and RS80 are caused
by the RS80 humidity sensor’s
problems at temperatures below
-40°C (see fig. 5). The H-HUMI-
CAP heated humidity sensor
can correctly measure higher hu-
midityy at cold temperatures
than the A-HUMICAP can. Fig-
ure 6 shows the variability in the
RS92 and RS90 humidity meas-
urements. The RS90-AL ra-
diosonde was reconditioned pri-
or to the flight, whereas the
RS92-KL was not. The differ-
ences in humidity measure-
ments were between -2.5 % and
2.5%. The Ground Check Set
GC25 will enable the RS92-KL
to be operated with a recondi-
tioning procedure, which is ex-
pected to decrease the deviation
in humidity measurements
caused by chemical contami-
nants, for example.

The Prague-Libus station
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Mr. Cernoch performing pre-flight preparations for the RS92 .

Figure 1. RS80-RS92 pressure differences mean value and standard
deviation (blue RS92, red RS80). 

Figure 2. RS90-RS92 pressure differences mean value and standard
deviation (blue RS92, red RS90).



performs most regular wind
measurements with the RS90-AL
radiosonde with Loran-C
windfinding. If weather condi-
tions are bad and there are dis-
turbances of the Loran-C sig-
nals, the RS80-15G with GPS
windfinding is used. Therefore,
both the Loran-C and the GPS
models of radiosondes were test-
ed. Very low wind prevailed
nearly all the time during the
validation trial. The MW11
ground system was less sensitive
than the MW21. When the sig-
nal quality was low, the MW11
system produced more interpo-
lated wind data than the MW21.
Consequently, the differences in

wind direction and speed for the
Loran-C radiosondes were big-
ger than with the GPS windfind-
ing. The wind measurements ob-
tained with GPS windfinding
were more consistent. Figure 7
presents the wind direction bias
between the RS92-SGP and the
RS80-15G. The differences in
wind speed measurement were
between -0.1 m/s and 0.1 m/s
(see figure 8). A comparison of
the RS92-KL and RS90-AL wind
direction and wind speed data is
presented in figures 9 and 10.
The wind speed differs between
-0.1 m/s and 0.4 m/s.

The height differences of a
particular sounding did not ex-

ceed 30 m until 100 hPa and 40
m until 50 hPa in relation to the
ALADIN numerical model.
Table 1 shows the mean values
and standard deviations on 500,
300, 200, 100 and 50 hPa stan-
dard pressure levels.

Summary
The differences between PTU
values measured by the RS92
and the RS90 are smaller than
the variance between the RS92
and the RS80 PTU measure-
ments. The RS92 radiosonde
performs better than the RS80
and is comparable with the
RS90. Pre-flight preparation of
the RS92 is more convenient.

An EEPROM for calibration co-
efficients is placed on the moth-
erboard. 

It was found that interfer-
encees from local transmissions
immediately before or during a
launch are a possible reason for
the gaps found in the RS80 GPS
wind measurements at the
Prague-Libus station. A televi-
sion tower is near the station.
Upgrading to the RS92 with
GPS windfinding, which is less
susceptible to this type of inter-
ference, should improve the
wind measurement and reduce
the failure rate. 

The MW21 frequency ana-
lyzer, windfinding system
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Figure 3. RS80-RS92 temperature differences mean value and standard
deviation. (blue RS92, red RS80).

Figure 4. RS90-RS92 temperature differences mean value and standard
deviation (blue RS92, red RS90).

Figure 5. RS80-RS92 humidity differences mean value and standard
deviation (blue RS92, red RS80).

Figure 6. RS90-RS92 humidity differences mean value and standard
deviation (blue RS92, red RS90).

➤
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GPS radiosonde versus ALADIN model heights
RS80-15G (n=14) RS92 SGP (n=14)

P[hPa] Mean [m] STD dev. [m] Mean [m] STD dev. [m]
500 -6,4 7 -6 6,4
300 -7,4 10,1 -3,4 8,7
200 -10,9 9,6 -3,4 5,9
100 -15,9 10,9 -6,7 7,3
50 -21,8 10,1 -12,3 9,3

LORAN radiosonde versus ALADIN model heights
RS90-AL (n=14) RS92 KL (n=14)

P[hPa] Mean [m] STD dev. [m] Mean [m] STD dev. [m]
500 -5,4 8,9 -7 7,2
300 -2,4 8,1 -2,7 6,6
200 1 11,3 2,4 8,2
100 -6,2 12,4 -3,5 10,6
50 -12,7 14,5 -9,4 12,9

Figure 7. RS80-RS92 wind direction differences mean value and standard
deviation (blue RS92, red RS80). 

Figure 8. RS80-RS92 wind speed differences mean value and standard
deviation (blue RS92, red RS80).

Figure 9. RS90-RS92 wind direction differences mean value and standard
deviation (blue RS92, red RS90).

Figure 10. RS90-RS92 wind speed differences mean value (blue RS92, red
RS90). 

Table 1. Height differences (radiosonde - ALADIN model) on the standard
pressure levels 500, 300, 200, 100 and 50 hPa.

status display and thermody-
namical diagrams are very useful
tools from for the user. Im-
proved signal processing leads to
better utilization of wind meas-
urement. The MW21 produces
less interpolated wind data than
the MW11. 

The transition from the
RS90 to the RS92 should not
significantly affect the consisten-
cy of upper-air measurement at
Prague-Libus. On the contrary, it
is expected that the data quality
and availability will improve.
The validation trial demonstrat-
ed the good performance of the
MW21 together with the RS92
radiosondes. �


