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Vaisala in Brief
– We develop, manufacture and
market products and services for
environmental and industrial
measurements.

– The purpose of these measure-
ments is to provide a basis for a
better quality of life, cost sa-
vings, environmental protection,
improved safety and better per-
formance.

– We focus on market segments
where we can be the world leader,
the preferred supplier. We put a
high priority on customer satis-
faction and product leadership.
We secure our competitive advan-
tage through economies of scale
and scope.

Beside standard meteorological
parameters, the Vaisala Automatic
Weather Station MAWS301 now covers
also hydrological measurement.
Hydrological sensors, advanced telemetry
and data processing features have been
combined to a basic MAWS301. The
new hydrological monitoring solutions
cover hydrological parameters in streams,
rivers, lakes, reservoirs and harbors.

The 18th Professor Vilho Vaisala Award
at WMO was awarded to three scientists
of the Paul Scherrer Institute, Switzerland,
for their paper entitled “Hygroscopicity of
Aerosol Particles at Low Temperatures.
New Low-Temperature H-TDMA
Instrument: Setup and First
Applications”. The new instrument allows
the water uptake of submicrometer aerosol
particles to be determined at temperatures
below 0°C, which is important
information for the Global Atmosphere
Watch (GAW) of WMO.

The importance of weather services in field
artillery operations has been focused in
many recent studies. Weather services and
their accuracy were the central theme at the
accuracy test firing, CoMETFire, which
was held in Denmark in September,
2003. Vaisala provided weather services
to the Finnish team at the trial.
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A suitable detection technology
can be chosen on the basis of the
application. LF is less expensive,
since it requires a smaller num-
ber of measurement stations,
whereas VHF provides total
lightning detection which better
serves the needs of forecasting
thunderstorms. Total lightning
information is crucial in applica-
tions such as aviation. Both tech-
nologies can be combined into
one system, building a solution
that utilizes VHF in some areas,
LF in others, or both of them.
Future extensions will be easy
because of the system’s modular
construction. This translates into
long product lifetimes and a
good return on investment.

The operational use of wind-
profilers by meteorological insti-
tutes is almost a breakthrough.
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President’s Column

P roduct development can
proceed in incremental
steps, or in real break-

through leaps. Incremental
progress is based on known tech-
nology. However, from time to
time, an entirely new concept is
adopted. In this case we can talk
about “platform development”,
while extensions or improve-
ments to existing product plat-
forms are “derivatives”.

On the following pages we
introduce two important new
product platforms. 

An example of a new, digital-
age radiosonde system is the
Vaisala Radiosonde RS92 and re-
lated ground equipment, Digi-
CORA® and software radio.
Many new features can be
gained when we add computing
technology to a radiosonde.
Code-correlating GPS windfind-
ing provides very high data avail-
ability and accuracy. The digital
radio downlink is reliable, re-
quires less bandwidth and less
transmitting power, which allows
the use of a smaller battery. A
software radio is needed to gain
these features, but it also enables
multiple simultaneous sound-
ings. System performance can be
maintained or improved over its
entire lifetime, mainly through
software upgrades.

Another major new product
platform is the Vaisala Thunder-
storm Information System. The
system combines two proven
technologies, known as Vaisala
IMPACT and Vaisala SAFIR, in
a modular structure. By offering
both low frequency (LF) and
very high frequency (VHF) tech-
nologies in one platform, the
system can be easily optimized.

Wind profiling has long been a
promising and interesting tech-
nology. However, the real pro-
fessionals in meteorology, the
meteorological institutes, have
used it very little operationally.
Air quality and aviation have
been the main application areas.
I believe that the example of the
UK Met Office and Deutscher
Wetterdienst will encourage oth-
er institutes to follow.

New generations always
reach further and are more com-
petent and more successful, no
matter whether we are talking
about people or products. �

Pekka Ketonen
President and CEO 

New platforms
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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-

Pavla Skrivankova
Head of the Upper Air and Surface Observation Department
Czech Hydrometeorological Institute
Czech Republic

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. �



T he Vaisala Radiosonde
RS92-KL is the most re-
cent addition to the

RS92 product family, which was
launched in 2003 with the intro-
duction of the GPS windfinding
and digital telemetry model. The
product family also comprises a
PTU-only model, the RS92-K. 

The RS92-KL uses analog
data transmission and has the
same fast-response PTU sensors
that are used in the Vaisala Ra-
diosonde RS90 family: the
Vaisala BAROCAP® pressure
sensor, the Vaisala F-THERMO-
CAP® temperature sensor and
the Vaisala H-HUMICAP® hu-
midity sensor. Moreover, the
RS92-KL version of the RS92 of-
fers an automatic reconditioning
procedure for humidity sensors
as a new feature. The prior-to-
flight automatic reconditioning
procedure removes any contam-

ination from the humidity sen-
sor surface and thus eliminates
the so-called dry-bias phenome-
na of RH measurement. Conse-
quently, the PTU measurement
performance of the analog
Vaisala Radiosonde is equivalent
to or better than that of the
Vaisala Radiosonde RS90 fami-
ly. All of the PTU sensors are cal-
ibrated with the Vaisala CAL4
calibration machine.

Preparing for the 
transition to new
windfinding technology
The RS92-KL utilizes the Loran-
C navigation network for
windfinding. This means that
you can go on using Loran-C
windfinding while getting ready
for its possible phaseout. Should
this take place in the future,
transition to another windfind-
ing technology will be easier as
you will have already adapted
the RS92 sounding platform. 

Economical telemetry
The Vaisala Radiosonde RS92-
KL operates over a conventional
analog telemetry link of 400
MHz. In this way an effective
windfinding method is offered
at a low cost, thanks to the sim-
ple implementation of the Lo-
ran-C signal relay link.

Easy ground check 
procedure
Ground check for the RS92-KL
is performed with the new
Vaisala Ground Check Set GC25
in a stand-alone capacity. How-
ever, if you use the Vaisala Digi-
CORA® Sounding System
MW21, the RS92-KL’s calibra-
tion coefficients can be fed into
the system from a diskette or
CD-rom. In the near future it
will be possible to feed the cali-
bration coefficients automatical-
ly from the GC25 to the Vaisala
DigiCORA® Sounding System
MW21 via a cable link. �
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Ritva Siikamäki, MA
Editor-in-Chief
Vaisala Helsinki
Finland

Introducing the Vaisala Radiosonde RS92-KL 

New Radiosonde with 
Loran-C Windfinding
Complementing the new Vaisala Radiosonde RS92 family, the version
with Loran-C windfinding and analog data transmission is now avail-
able. The Vaisala Radiosonde RS92-KL incorporates the same fast-
response pressure, temperature and humidity (PTU) sensors that are
used in the Vaisala Radiosonde RS90 family. Providing proven PTU
measurement performance, the RS92-KL will also make the transition
to new windfinding easier, should the possible phaseout of the 
Loran-C network occur in the future.

The Vaisala Radiosonde RS92-KL
operates with analog telemetry and
utilizes Loran-C windfinding. 



T he Norwegian Meteorol-
ogical Institute is the
main provider of meteor-

ological services to the public in
Norway and also engages in re-
lated research activities. To meet
synoptic upper-air observation
needs, the Meteorological Insti-
tute uses Vaisala DigiCORA®

Unmanned Sounding Station
AUTOSONDE systems at three
sites, which supply continuous
and reliable upper-air data to the
synoptic observation network.
One system is located at Sola in
the western part of Norway, one

unit is located at Ørland in cen-
tral Norway and the last is in
Bodø in northern Norway. In or-
der to measure surface weather
data, the sites are equipped with
Vaisala MILOS Data Collection
Systems from which the AUTO-
SONDE automatically retrieves
surface weather observations.

“Each of these AUTOSON-
DE systems operates automatic-
ally and performs two synoptic
soundings daily, using Vaisala
RS80 Radiosondes. All of the
systems are remotely controlled
from Blindern in Oslo,” says Mr.

Jon Halvard Berntsen. As a Sec-
tion Engineer, Jon Berntsen is re-
sponsible for programming and
maintenance activities related to
the AUTOSONDE systems, in-
cluding the software, radio sys-
tems and data communications.
He also takes care of issues relat-
ed to the system’s mechanics or
pneumatics, while local staff at
the sites handle the periodic
loading of the system with ra-
diosondes, balloons and gas. 

According to Berntsen, re-
mote control is very useful.
Smaller technical problems can

usually be handled by giving in-
structions to the local mainten-
ance staff by phone. Thanks to
the high quality of Vaisala’s
products, there is seldom a need
to travel to the site, he says.
Since changing to CISCO
routers (the ISDN dial-up mo-
dem connection proved to be a
bit unreliable at the beginning),
data communications have
worked without problems. Regu-
lar maintenance visits are made
once a year to the AUTOSON-
DE sites to check that everything
is fine. As the installation sites
are very windy, the systems at
Bodø and Ørland are fitted with
auxiliary covers in the balloon
launcher vessel. These systems
operate reliably even in harsh
conditions and high winds,
which is crucial, since the sites
are difficult to access. 

Berntsen says that if you
don’t count the need to change
the wind sensor bearings regular-
ly, the system can be considered
almost maintenance-free. He
laughs that the birds, bees and
butterflies that tend to get into
the system cause the most faults,
and spiders may jam the balloon
detection sensor every now and
then, since that’s their favorite
spot. Whenever technical issues
come up that require consulta-
tion with Vaisala, it is always
easy to contact the Vaisala help
desk. It’s important that help is
easily accessible. �
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Ritva Siikamäki, MA
Editor-in-Chief
Vaisala Helsinki
Finland

Vaisala DigiCORA® Unmanned 
Sounding Station AUTOSONDE

Supporting Synoptic 
Observations in Norway
The Norwegian Meteorological Institute (Meteorologisk 
institutt, NMI) has operated three Vaisala DigiCORA® Un-
manned Sounding Station AUTOSONDE systems for several
years. The AUTOSONDE systems supply continuous and reli-
able upper-air data to the synoptic observation network.
One system is located at Sola in the western part of 
Norway, one unit is located  at Ørland in central Norway
and the last one in Bodø in northern Norway. 

The Norwegian Meteorological
Institute has unmanned stations at
Sola, Ørland and Bodø, operating a
Vaisala DigiCORA® Unmanned
Sounding Station AUTOSONDE.
The picture shows the system at Sola
and Ørland. 



T he fully digital telemetry
link using the Software
Radio between the

Vaisala Radiosonde RS92-AGP
and the ground equipment
Vaisala DigiCORA® Sounding
System enables the use of mod-
ern digital modulation methods,
error correction algorithms and
telemetry diagnostics. The tech-
nology used in the Software Ra-
dio is similar to that used in cel-
lular phones and their base sta-
tions.

The telemetry link perfor-
mance of the new sounding sys-
tem is based on the properties of
GMSK (Gaussian Minimum
Shift Keying) modulation, Reed-
Solomon error correcting cod-
ing and the Software Radio re-
ceiver. The new system allows re-
liable low-power narrowband ra-
diosonde transmission and in-
creases the temporal data resolu-
tion to two levels per second.

Software Radio
The Vaisala Software Radio is a
modular, multifunctional and
reconfigurable software receiver,
which offers excellent dynamic
range and network connection.
It will replace the current Vaisala
radiosonde receiver
URR20/UPP201 in the most re-
cent generation of Vaisala
sounding ground equipment,
the Vaisala DigiCORA® Sound-
ing System. The Software Radio
is intended to act as the receiv-

ing system of all existing and
forthcoming Vaisala transmitter
types of the current generations
of Vaisala radiosonde, such as
RS80, RS90, RS92 and later.

The Software Radio hard-
ware consists of a low-noise an-

tenna amplifier which resides in
the antenna, a Radiofrequency
receiver unit operating at 400
MHz and a receiver processor
unit (see figure 1). 

In the 400 MHz RF unit, the
whole of the 400 – 406 MHz

meteorological frequency band
is first converted into an inter-
mediate frequency (IF) band of
16 – 22 MHz. The IF signal is
then sampled with a high-perfor-
mance 14-bit analog-to-digital
converter, whereby a sam-
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Introducing the Vaisala Software Radio

State-of-the-Art Radiosonde
Telemetry

Jussi Åkerberg, M. Sc. (Eng.)
Project Manager
Vaisala Helsinki
Finland

In connection with the launch of the next generation of sounding
systems Vaisala will launch a new state-of-the-art ground equip-
ment radio receiver, the Vaisala Software Radio. Used together
with the new digital Vaisala Radiosonde RS92-AGP this technology
is the answer to the increasing demand for telemetry link perfor-
mance and bandwidth efficiency. The new radio receiver technolo-
gy introduces a fully digital telemetry link that enhances the use of
radiosondes and ground equipment in many ways.



pling rate of 64 Msamples/sec-
ond is used. The digital signal is
filtered and down converted to
the baseband with a digital
down converter (DDC) in the
Receiver Processor unit, as
shown in fig. 2. Using multiple
digital down converters enables
multichannel reception.

Further processing of the sig-
nal, comprising demodulation,
error detection and correction
and telemetry analysis, is done in
a powerful 32-bit floating point
digital signal processor (DSP).

The signal processor sends
the data to a front processor
server process that handles the
data delivery to the sounding
software client processes, accord-
ing to the data subscriptions.
The server process communi-
cates with the GPS unit of the
sounding processing subsystem
and also delivers the local GPS
data for windfinding.

The main emphasis in the
design of the radio receiver was
on improving spurious free dyn-
amic range and sensitivity over
its predecessors. Some specifica-
tions of the 400 MHz RF unit
are shown in table 1. 

Telemetry link

Digital telemetry

Figure 3 illustrates the general
principle of the digital telemetry
link. Digital systems use digital
modulation that modulates the
carrier directly.

In a digital transmitter the
waveforms are generated as sam-
pled digital signals, converted
from digital to analog via a wide-
band digital-to-analog converter
(DAC) and then possibly upcon-
verted from intermediate fre-

quency (IF) to radio frequency
(RF). 

The digital receiver, similar-
ly, employs a wideband analog-
to-digital converter (ADC) that
captures the whole of the inter-
esting frequency band. The re-
ceiver then extracts, downcon-
verts and demodulates the chan-
nel waveform using software

loaded on a general-purpose dig-
ital signal processor.1

Implementation of the
telemetry

The RS92-AGP transmits a GM-
SK (Gaussian Minimum Shift
Keying) modulated signal which
carries 2400-bit data frames at a
data rate of 4800 bps. The ra-
diosonde frame is divided into
several sub-blocks. Each sub-
block is followed by a CRC-16
checksum to make sure that the
data is valid. In addition, each

data frame is protected with
Reed-Solomon checkbytes,
which are used in error correc-
tion. A maximum of 12 corrupt-
ed 8-bit-long bytes can be cor-
rected within one 255-byte-long
data frame. The data is also
scrambled to get a uniform dis-
tribution of ones and zeros and
to avoid long sequences of the
same value.

At the receiver end, the de-
modulated baseband data is de-
scrambled and the Reed-
Solomon error-correcting algo-
rithm is applied. The data is then
validated using the checksums.
Figure 4 shows the different sig-
nal processing phases in the

transmitter and in the Software
Radio receiver.

GMSK modulation

The transmitter modulates the
carrier wave by GMSK-modula-
tion (Gaussian Minimum Shift
Keying). GMSK modulation of-
fers a compromise between high
spectrum efficiency and an ac-
ceptable level of demodulation
complexity. It enables a narrow
spectral width and thus enables
several channels to be used in
the allowed frequency band.
GMSK-modulation also makes
it possible to achieve a low level
of adjacent channel interference.
A GMSK-modulated signal has
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Frequency Range 400 – 406 MHz
Noise Figure 8 dB  
Intermediate Frequency 16 –  22 MHz
Image Rejection 45 dB
Spurious Free Dynamic Range 80 dB
Third Order Intercept Point (IIP3) +16 dBm
Maximum Input Power Level -9 dBm full scale

Table 1. Main specifications of the RF unit

Figure 2. Signal processing sequence of the Software Radio.

Figure 1. The software radio  hardware: a low-noise antenna amplifier, a 400 MHz RF receiver unit and a receiver
processor unit. 



a constant envelope, enabling
the signal to be amplified with
simple nonlinear amplifiers.
This reduces the power con-
sumption, an important advan-
tage in battery-powered devices.2

Reed-Solomon

The Reed-Solomon error correc-
tion coding is a widely used er-
ror correcting method in wire-
less communications. It is suit-
able for applications in which
data is naturally structured as
blocks. The Reed-Solomon en-
coder adds redundant bits to a
block of digital data and the en-
coder attempts to recover the
original data distorted by the
transmission channel. However,
the redundancy level is not high
and for this reason Reed-
Solomon is suitable for applica-
tions in which channel capacity
is relatively low.

By nature, Reed-Solomon
coding is especially effective in
correcting burst errors; that is,
data is not handled by bits but
by m-bit long symbols. An (n, k)
Reed-Solomon code has n =
2^m - 1 code symbols and k
message symbols. The number
of parity check symbols is n - k =
2 · t. Such a code is capable of
correcting t erroneous symbols
in the code.

The code used in the ra-
diosonde is RS(255,231), m = 8.
Therefore 12 erroneous symbols
per block of 255 symbols can be
recovered. This means that 4.7%
of the symbols can be erro-
neous.

Reed-Solomon coding en-
ables transmission error correc-
tion at the receiver and so the
needed signal-to-noise ratio may
be reduced without losing any
information. It is also possible to
calculate the coding gain for a
given code. With the Reed-
Solomon code described above,
the coding gain is approximately
4 dB. In other words, with Reed-
Solomon coding the transmitter
signal power can be greatly re-
duced in comparison to a similar
system that does not use Reed-
Solomon coding.3

CRC-16 Checksum

The Reed-Solomon decoder
does not reliably detect more er-
rors than it can itself correct. In
addition to the Reed-Solomon
coding, a special checksum must
be used to reliably detect frames,
which have more errors than can
be corrected by the Reed-
Solomon decoder. Sub-blocks
with a valid checksum can be
used even if the rest of the frame
is corrupted.

Sounding tests

The performance of the teleme-
try with different types of anten-
nas and the effect of the Reed-
Solomon algorithm are dis-
cussed next. The results have
been collected from three test
sounding sets using the Vaisala
Radiosonde RS92-AGP and the
Software Radio receiver. The
soundings were conducted at the
premises of the Jokioinen Obser-
vatory of the Finnish Meteorol-
ogical Institute in 2003.

Test setup
The measurement setup at
Jokioinen is presented in figure
5. There were two different set-
ups, one using a directional an-
tenna and the other using an
omnidirectional antenna. The
GPS antenna signal was shared
for the two systems.
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Figure 3. Digital telemetry link.

Test results 

Antenna performance

The transmitted signal is affected
in several ways during the trans-
mission. It is bent, scattered and
reflected in the atmosphere. At
400 MHz and within the dis-
tances coming up in the ra-
diosonde soundings, these phe-
nomena are not very significant.
The most important propaga-
tion mechanisms of the ra-
diosonde signal are line-of-sight
propagation and multipath
propagation. The latter is prob-
lematic, because it can cause fad-
ing that degrades the perfor-
mance of the telemetry link.
Buildings, hills, forests and other
obstacles can cause diffraction
and fading through multipath
propagation. This makes the per-
formance of the telemetry ➤

Figure 4. Digital signal processing in the transmitter and in the receiver.

SNo Range [km] Height [km] FER with FER no 
EEC [%] EEC [%]

Y3627235 78 26 0.120 6.740
Y3627738 52 18 0.140 7.690
Y3627219 51 20 0.034 6.660
Y3627201 53 26 1.930 10.850
Y3627212 54 21 0.014 6.700
Y3627203 54 24 0.012 2.390
Y3627210 50 27 0.048 5.110
Y3627211 47 24 0.013 5.220
Y3627204 48 25 0.012 4.990
Y3627198 71 27 0.150 7.160
Y3627196 70 30 0.390 6.890
Y3627205 72 30 0.390 6.500
Y3627206 80 28 0.010 5.560
Y0617110 161 28 3.680 9.840
Y0647077 146 30 1.940 6.620
Y0647086 173 26 0.190 4.320
Y0617071 100 28 0.510 7.270
Y0647084 100 29 0.360 6.990
Y0647078 76 34 0.017 7.490
Y0647098 50 13 0.036 3.800
Y0617005 108 34 0.016 0.240
Y0537028 161 27 0.097 2.460

Table 2. Results of the test soundings.



link also dependent on the
sounding environment, the an-
tenna type that is used and the
location of the antenna4.

To compare telemetry link
performance with the direction-
al and omnidirectional anten-
nas, single RS92-AGP radioson-
des were received. Both setups
are presented in figure 5.

Signal to noise ratios (SNR)
and occurred frame errors for
both antennas in an exceptional-
ly long sounding are shown in
figure 6. With the omnidirec-
tional antenna the error count
starts to increase after 160 km
and the signal is too weak for re-
ception at about 270 km. The di-
rectional antenna performed
well up to 320 km. 

As can be expected, there are
rather large variations in the
SNR with both antennas. It can
also be seen that there are more
rapid changes with the omnidi-
rectional antenna. The omnidi-
rectional antenna is more sensi-

tive to multipath fading which is
the most important reason for
signal level variations. It is also
probable that the narrower radi-
ation pattern of the omnidirec-
tional antenna is more sensitive
to the movements of the ra-
diosonde during the ascent5.

Effect of Reed-Solomon 
algorithm

The effect of the Reed-Solomon

algorithm was studied with the
omnidirectional antenna using
three-position antenna switch
with two empty positions. The
radiosonde search algorithm se-
lecting the antenna switch posi-
tion caused additional errors
that were all corrected by the
Reed-Solomon algorithm. 

The results of the test sound-
ings can be seen in table 2. In
the table, “FER with EEC”
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Figure 5. Test setup.

Figure 6. Test sounding with two antennas.

stands for frame error ratio with
error correction and “FER no
EEC” is frame error ratio with
no error correction.

As shown in table 2, the
Reed-Solomon algorithm has a
dramatic effect on FER. The se-
lected Reed-Solomon code
RS(255,231) seems to be capable
of correcting most errors within
the sounding range in most cas-
es. In practice this also means
that the burst errors are less than
12 bytes long.

Summary
The fully digital telemetry link
between the RS92-AGP ra-
diosonde and the ground equip-
ment using the Software Radio
enables the use of modern digital
modulation methods, error cor-
rection algorithms and telemetry
diagnostics. In the test series the
achieved average frame error ra-
tio was below 0.5%. �
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T wo NATO working
groups on meteorogical
services have concluded

that 67 % of errors in the open-
ing of artillery fire are caused by
weather, while 22% depend on
the aerodynamics of the ammu-
nition and 10% on differences in
muzzle velocity. Consequently,
the most effective way to influ-
ence the accuracy of artillery fire
is to reduce the influence of
weather by using advanced
weather observation methods. 

The objective of the CoMET-
fire test firing was to fire some
600 shots with the German PzH
2000 (PanzarHaupitze 2000)
howitzer at a range of 27 kilome-
ters. During the test firing peri-
od, several groups of weather
servicemen were positioned in
various locations in North Jut-
land, seven of them utilizing
sounding systems and one using
a wind profiler. 

Assessing the 
importance of 
weather data 
During the rehearsal, 45 sound-
ings were performed daily. To

study the effect of the terrain on
the weather messages, some of
the soundings were made con-
currently, with a distance of up
to 140 km between sounding
sites. Soundings were also per-
formed within the same area at
intervals of 20 minutes to assess
the stability of the weather. The
total number of soundings
amounted to 540, carried out on
12 days during the two-week re-
hearsal period. Additionally, test
soundings were made at the be-
ginning of the rehearsal with all
of the seven sounding systems. 

The weather ser-
vice’s main task was
to calculate fire con-
trol data by utilizing
the weather compu-
tation model pro-
duced by the weather
service. This virtual
model was comple-
mented with calcu-
lated messages in
NATO’s METCM
weather message for-
mat. These were fur-
ther used as the basis
for calculating a

more accurate model, in the new
meteorological grid format
(METGM), covering the entire
rehearsal area.

Meteorological experts
supported 
Finland’s team
The Finnish Defense Forces
team that participated in the trial
purchased sounding services
from Vaisala, the Finnish suppli-
er of weather measurement in-
struments. Project Manager Päivi
Peltoniemi and Development
Manager Sakari Kajosaari of

Vaisala were responsible for the
weather services. A representa-
tive of the military, Senior Lieu-
tenant Reijo Miettinen of the
Meteorological Platoon of the
Finnish Defense Forces, was ap-
pointed to lead the Finnish de-
partment at the trial. Although
the weather services functioned
without any problems during
the rehearsal, there was a lot of
gazing up into the air - constant-
ly following the flight of a
sounding balloon. Finland’s
team carried out eight soundings
daily, some at an interval of one
hour, which kept the team busy
throughout. 

Conclusions
The test firing proceeded well
and the working groups ob-
tained a lot of data from the
tests. However, final analyses
and conclusions based on the
test results will be ready only in
April - May 2004. The new find-
ings may turn out to be useful in
improving the accuracy of ar-
tillery and mortar systems while
at the same time reducing the
frequency of soundings. This, in
turn, can help in minimizing the
need for maintenance. �
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With Danish colleagues looking on,
Lieutenant Reijo Miettinen sends a
weather balloon in a competition to
see which team can reach the highest
altitude with its sounding balloon.
Finland swept the competition (3-0).

Reijo Miettinen, Senior Lieutenant
Leader of the Meteorological Platoon
Finnish Defense Forces
Niinisalo
Finland

Enhanced meteorological accuracy test trial
CoMETFire

Weather Services Play a
Central Role
The importance of weather services for field artillery operations has
been the focus of many recent studies. Accordingly, weather service
accuracy was selected as the central theme at the CoMETFire accuracy
test firing held in Denmark in September, 2003. The Finnish Defense
Forces participated in the trial as a member of NATO’s Partnership for
Peace (PfP) program, with Vaisala providing the weather services to
the Finnish team at the trial. 

A PzH200 howitzer at the test
firing site in Denmark. 

The Finnish weather services team consisted of Sr.
Lt. Reijo Miettinen, Sakari Kajosaari and Päivi
Peltoniemi of Vaisala (from left to right). 
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T he Vaisala Automatic
Weather Station
MAWS301 is available as

a stand-alone system, acting as a
cost-effective platform for hy-
drological monitoring. Addi-
tionally, Vaisala can design a hy-
drological monitoring network
solution to your specifications
by interfacing the Vaisala Auto-
matic Weather Station
MAWS301 with sensors that
monitor water level and flow
and water quality - in addition to
meteorological parameters. A
wide variety of measurement
technologies are available which
offer a balanced and reliable so-
lution, the right performance
without excess field mainten-
ance needs or installation costs.
By duplicating sensor, data log-
ging and telecommunications
technology across networks, op-
erators of meteorological and
hydrological networks can mini-
mize the cost of network design,
network maintenance, spare part
stocking and training.

Submersible pressure
water level sensor
Vaisala offers several high-per-
formance sensors for measuring
water level, all of which are easy
to install and maintain. The
standard sensor suite of the
MAWS301 includes the sensor
interfaces and default settings
for a submersible water level sen-
sor that determines water level
by measuring the water pressure
above the submerged sensor. A
high-performance pressure sen-
sor measures water pressure ac-
curately, with the measurement
technology housed in a stainless
steel assembly. The multi-cored

Ritva Siikamäki, MA
Editor-in-Chief
Vaisala Helsinki
Finland

Vaisala Automatic Weather Station MAWS301

Enhanced for Hydrology
Alongside standard meteorological parameters, the Vaisala Automat-
ic Weather Station MAWS301 also now covers hydrological measure-
ment, all integrated into a cost-effective platform for hydrological
monitoring. Hydrological sensors, advanced telemetry and data pro-
cessing features have been combined with the basic MAWS301. The
new hydrological monitoring solutions cover hydrological parameters
in streams, rivers, lakes, reservoirs and harbors. The hydrological
monitoring system based on the Vaisala Automatic Weather Station
MAWS301 improves your ability to protect life, property and the en-
vironment and contribute to sustainable development.

MAWS301 integrates water quality and velocity sensors and meteorological sensors to a compact data logging and
telemetry system.



vented cable compensates for
changes in atmospheric pressure.
For those sites where condensa-
tion in vented cables causes
problems, Vaisala also has a so-
lution. Installing an absolute
pressure sensor for level meas-
urements eliminates the vented
cable, and the pressure sensor in
the MAWS301 system compen-
sates for atmospheric pressure.

Vaisala Radar Water
Level Sensor QRH101
The Vaisala Radar Water Level
Sensor QHR101 is contact-free
measurement instrument based
on microwave technology. Of-
fering accurate measurements,
the QHR101 is insensitive to
mud, driftwood, leaves, fog and
variations of air temperature
within the measurement range.
The QHR101 provides a meas-
urement range of 0 to 20 meters
with an accuracy of better than
± 1 cm. 

The QHR101 is easy to in-
stall on existing structures. Con-
suming little power, it is the ide-
al water level sensor for remote
monitoring applications where
minimal maintenance is of para-
mount importance.

Vaisala Bubbler Water
Level Sensor QHB101 
The Vaisala Bubbler Water Level
Sensor QHB101 is a robust sen-
sor for measuring the water level
in surface waters. The measure-
ment principle is based on a pro-
portioning system, whereby a
mini-compressor injects air
through a pressure tube into the
water at adjustable intervals. The
resulting pressure in the tube
corresponds to the hydrostatic
pressure above the mounting-
piece of the tube. Tube pressure
is measured with an accurate
sensor that is securely installed
either indoors or in the equip-
ment enclosure. Only the pres-
sure tube is submerged, not the
electronics. 

The bubbler sensor is easily
installed and does not require
frequent servicing. With the
MAWS301 controlling its opera-

tion, the QHB101 consumes lit-
tle power, which makes it well
suited to remote sites.

Measuring water level
in stilling wells 
The shaft encoder is the ideal so-
lution for measuring the water
level at hydrological sites with
stilling wells. The shaft encoder
produces pulses as the shaft ro-
tates, totalizes the signal, and
outputs the data through SDI12
or RS232 serial channels. The
data describes absolute changes
in water level change in relation
to a set datum. The data can also
be read on the LCD display
which shows range, resolution,
time, date and current water lev-
el. Vaisala offers several solu-
tions with a resolution ranging
from 1 mm to 8 mm.

Multiparameter water
quality probes
YSI’s multiparameter water qual-
ity sondes are used for the unat-
tended and simultaneous moni-
toring of a wide range of water
quality parameters. The field-re-
placeable probes together with
the extended-deployment tech-
nology of YSI 6600EDS increas-
es deployment time without site
visits and thus significantly low-
ers maintenance costs. The
MAWS301 supports a wide
range of YSI sondes ensuring a
cost-effective and reliable solu-
tion for your applications.

Acoustic Doppler 
Profilers for flow 
measurements
Easily installed on riverbanks,
bridge abutments or other verti-
cal structures, SonTek Argonaut-
SL (Side-Looking) current me-
ters are advanced Doppler
sonars for the accurate measure-
ment of water velocity in a hori-
zontal layer. In case the mount-
ing structure disturbs water flow
around the instrument, the start-
ing point of the velocity cell can
be moved several meters away to
eliminate the interference. By
adding an optional vertical
beam, water level can be meas-

ured concurrently with water ve-
locity, allowing real-time dis-
charge calculation.

The bottom-mounted Arg-
onaut-XR and Argonaut-SW
sensors monitor flow and water
level in rivers, natural streams
and man-made channels. The
signal processing technology is
all-digital, ensuring reliable data
collection within a user-pro-
grammable cell that is vertically
oriented and extends all the way
to the water surface. These in-
struments are ideal for environ-
ments with stratified or complex
flow conditions or for when wa-
ter levels vary greatly. The robust
SonTek Argonaut current meters
have been designed for continu-
ous in-situ monitoring and do
not require calibration. More-
over, biological growth does not
affect their accuracy, which min-
imizes operational costs. 

Versatile telemetry 
solutions
With an appropriate telecom-
munications solution, network
coverage can be extended to the
most remote locations at an op-
timized operational cost. A sin-
gle MAWS301 station can ac-
commodate multiple telemetry
solutions for measurement loca-
tions that regularly experience
flooding, for example, and from
where data must be obtained un-
der all circumstances. The
telemetry solution can comprise
PSTN and cellular networks,

and the GSM/GPRS (General
Packet Radio Service) network
including FTP protocol. Addi-
tionally, satellite systems, such as
GOES, METEOSAT, IN-
MARSAT-C, OrbComm, Auto-
Trac, Iridium or UHF, and
Spread Spectrum radio modems
can be used. �
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The Vaisal Radar Water Level
Sensor QHR101 is an accurate and
contact-free measuring device.

The Vaisala Bubble Water Level Sensor QHB101 measures the water level
in surface waters.



V aisala has worked close-
ly with the province of
Ontario in 2002 and

2003 in the installation and
commissioning of thirty Road
Weather Information System
(RWIS) sites throughout the
province. The installation of this
network was completed in
spring 2003. The province will
count on Vaisala’s RWIS sta-
tions to help manage snow, ice
and fog situations, and to assist
in making decisions that make
Ontario’s roads safer for the
public. Having such a network

of RWIS will also allow the Min-
istry of Transportation to proac-
tively maintain their roads dur-
ing harsh winter conditions.

All the Ontario weather sta-
tion sites collect and monitor
temperature, relative humidity,
wind speed, wind direction,
pavement condition and precip-
itation occurrence. The Vaisala
Present Weather Detector
PWD11 is also included in the
system to detect falling snow
and assess its intensity and accu-
mulation. Some sites are also
equipped with video cameras so

that photos of the roadway can
be taken and viewed by the
Vaisala Processing Unit
DMC586. 

The Vaisala server, located at
Environment Canada’s central-
ized data processing center in
Ottawa, polls all RWIS sites via
phone modem. The data is then
converted into CSV file format
and exported to Environment
Canada’s website where various
road authorities can view the in-
formation and take the appropri-
ate proactive road maintenance
decisions. 

In Newfoundland, the city
of St. John’s recently made the
decision to replace existing road
weather systems with Vaisala
RWIS stations. Pavement condi-
tion monitoring is one of the
key measurements that has been
improved with the installation
of the Vaisala systems. AMEC
Earth & Environmental Limited,
the company responsible for
providing weather forecasts to
the city as well as procuring and
maintaining the RWIS network,
were the first to notice the posi-
tive difference in measurements
and data from the equipment.
Stephen Green, Meteorological
Lead at AMEC, was looking for
an immediate solution that
would allow him to accurately
identify the presence of chemi-
cals on the roadway. “Our expe-
rience to date with Vaisala
equipment has been that it pro-
vides reliable and accurate data,
unlike the previous manufactur-
er’s equipment,” he says. 

Vaisala has recently complet-
ed the installation of ten RWIS
systems throughout the eastern
province of Nova Scotia. These
sites were commissioned and op-
erational in fall 2003 for use dur-
ing the 2003-2004 winter
months. Using such technology
improves safety by allowing road
crews to treat roadways before
an unsafe event occurs, which
ultimately saves lives. In addi-
tion, these proactive measures
allow the use of less de-icing
chemicals, thereby helping the
provinces to contribute to a re-
duction in the environmental
impact of winter maintenance. 

In Ontario, the Ministry of
Transportation Ontario’s (MTO)
is completing the third phase of
their RWIS program to which
Vaisala is planning to deliver
thirty RWISs by January 2004.
With this addition, MTO will
have 60 Vaisala RWIS systems. �
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Karl Boivin
Sales Manager
Vaisala Inc.
London, Ontario
Canada

Vaisala Thawing the
Market in Canada
Vaisala has had recent successes in the Canadian
Road Weather Information System (RWIS) mar-
ket. A number of systems have been installed
and commissioned in the provinces of Ontario
and Newfoundland. Nova Scotia has also signed
on with Vaisala, with several systems taken into
use in fall 2003.

RWIS station located at Mt. Forest,
Ontario. Station includes a suite of
sensors as well as video camera
located on the top left boom. 

Image from Mt. Forest video
camera.

One of ten Vaisala RWIS stations
installed in Nova Scotia.



S ince its launch, the
Vaisala Present Weather
Detector PWD11 has

been widely used in Italy in traf-
fic safety applications. A num-
ber of motorway companies,
such as Autostrada dei Fiori, So-
cietà Autostrade Ligure Toscana,
and Auto Camionabile della
Cisa, have adopted the PWD11
as the right complement for
their Vaisala Road Weather Sta-
tions. Besides enhancing road
weather station measurements,
the PWD11 is also used as a
stand-alone device to be inte-
grated in the winter mainten-
ance and road traffic safety mon-
itoring network, for instance by
Autostrade Centro Padane
(ACP). 

In the winter season 2003 -
2004 two more motorways will
start using IceCast systems; on
the Torino-Milano motorway a
total of nine Vaisala Road
Weather Stations, complement-
ed with a PWD11, will be taken
into use. The Torino-Piacenza
motorway and the Piemonte
Provincial Road leading to Ses-
triere will also employ Vaisala
Road Weather Stations, both
equipped with a PWD11. 

On the Piemonte Provincial

Road, the road weather station
will be the first station of the
network planned for the Turin
2006 Winter Olympic program.
The Regional Office for the Pro-
tection of the Environment,
ARPA Piemonte, will provide
24-hour road temperature fore-
casts to the Torino-Piacenza mo-
torway and its road authority.
These forecasts are based on in-
situ measurements collected by
the road weather stations and on
ARPA Piemonte’s forecasting
model input. These data are fur-
ther processed with the Vaisala
IceBreak road condition fore-
casting model. Once ready, the
forecasts will be sent to the mo-
torway and road authority every
afternoon, to allow for the ad-
vance and correct planning of
winter maintenance activities.

Enhancing safety with
visibility measurements
Vaisala has supplied a large num-
ber of PWD11 stand-alone sen-
sors to Serenissima Infracom for
installation on the motorway
stretch between Brescia and
Padova. After an intercompari-
son between several types of visi-
bility sensor, the PWD11 was se-
lected as a reliable visibility

measurement device to be used
within the frame of the drivers’
assistance system, Companion,
that Serenissima Infracom has
set up on their motorway. The
PWD11 visibility measurements
are fed to the Companion sys-
tem, which provides “guidance”
to drivers in foggy conditions by
activating an illuminated path.
The system is activated on the
basis of the visibility threshold.
Serenissima Infracom has in-
stalled as many as sixty PWD11
units so far.

The Venice Water Transport
Company (ACTV) relies on the
PWD11 for visibility monitoring
at the Venetian Lagoon. The lo-

cal Italian integrator, Telematica
e Trasporti Srl, supplied Venice
Water Transport Company with
a network of five PWD11 units
which have been operational
since 2002. 

Vaisala IceWeb at 
Autostrade 
Centro Padane
Autostrade Centro Padane, the
pioneer in the use of the Vaisala
IceCast system in Italy, will start
using IceWeb in winter 2003.
The Vaisala IceWeb is a new
product that creates HTML
pages from standard, pre-defined
IceCast Viewer displays. These
pages make the road weather in-
formation, usually accessed
through IceView, available
through Internet and Intranet
applications. By using the Inter-
net or an Intranet, communica-
tion costs can be reduced con-
siderably and users can also
monitor the data easily. With
the IceWeb server, the system ad-
ministrator defines the HTML
pages to be made available for
users to view in their web
browsers. Sensor and forecast
data can be viewed in tabular,
graphical or cartographical for-
mats. Webcam images are also
supported. �
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Vaisala Products Promote
Traffic Safety in Italy
The Vaisala Present Weather PWD11 accounts for a success story in
traffic safety applications in Italy. Numerous motorway companies
have complemented their Vaisala Road Weather Stations with a
PWD11 for present weather measurement. The PWD11 is also used as
a stand-alone device to be integrated in their monitoring network
for winter maintenance and road traffic safety. Moreover, other traf-
fic weather products, such as the Vaisala IceBreak, IceCast and IceWeb
road traffic weather applications, are also gaining ground in Italy.

The Venice Water Transport
Company (ACTV) relies on the
Vaisala Present Weather Detector
PWD11 for monitoring visibility at
the Venetian Lagoon. 



T he Finnish gliding team
that participated in the
competition was support-

ed by the Suomen Ilmailuliitto
(The Finnish Aeronautical Asso-
ciation), which concluded a co-
operation contract with Vaisala
for the season 2003. In coopera-
tion with The Finnish Aeronauti-
cal Association, Vaisala also pro-
vided the organizers with an Avi-
ation Weather Reporter AW11
for the period of the champi-
onships. The accurate local
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The Finnish Aeronautical Association and 
Vaisala cooperate to support the

Gliding World Championships 2003
The 28th Gliding World Championships were held in Leszno, Poland,
from July 27 to August 10, 2003. The event attracted more competi-
tors than ever before and championships were run in four FAI classes
in the same airfield. In total, 128 gliding planes from 31 countries
competed in standard, 15-meter, 18-meter, and open class. The com-
petitors were given traditional racing tasks with turning points, but
also tasks within assigned areas. Twelve competition days were held
in the two-week period, during which all the planes completed their
tasks without any accidents. The pilots and organizers found the ac-
curate local weather data provided by the Vaisala Aviation Weather
Reporter AW11 invaluable.

A gliding plane reaching the
finishing line at Leszno.
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weather data was used by the me-
teo people for planning the day’s
tasks and schedule and by the pi-
lots during their flights to get re-
al-time data from the airport to
monitor weather changes and to
decide on the correct landing di-
rection.

Bringing aviation enthu-
siasts together
The Finnish Aeronautical Asso-
ciation, a member of Fédération

Aéronautique Internationale
(FAI), could be described as an
umbrella association promoting
all the aviation sports in Finland,
explains Mr. Kai Mönkkönen,
Secretary General of the Finnish
Aeronautical Association. “This
is somewhat of an exception in
aviation sports, where one na-
tional association is usually ded-
icated to one sport. For instance,
parachuting would be organized
in a separate association, while at

the Finnish Aeronautical Associ-
ation this sport belongs to the
same union as gliding, hot-air
ballooning, model plane build-
ing, experimental plane build-
ing, etc.,” points out Mönkkö-
nen.

With some 11,000 mem-
bers, the association acts as a
link between people that are ac-
tive in these sports all over Fin-
land. This is the most “visible”
part of the activities, but, and

maybe even more importantly,
the association also answers for
training in the field, aircraft in-
spection activities and competi-
tions, whilst working in close
cooperation with the aviation
authorities to promote aviation
safety. Moreover, the associa-
tion owns and runs an aviation
training institute at Räyskälä,
which specializes in arranging
training courses at various levels
in aviation sports. The institute
is the largest in Scandinavia, and
especially popular with para-
chutists.

According to Mönkkönen,
the Finnish Aeronautical Associ-
ation – like aviation itself – has a
much longer tradition in Fin-
land than one would expect,
with many local clubs celebrat-
ing their 80 year anniversary
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Highly efficient, although maybe not
so beautiful, Cmelak planes with
turbo prop engines were used for
towing the gliding planes.

The Vaisala
Aviation Weather
Reporter is an
unmanned
automatic weather
station, specifically
designed for small
and mediumsized
airports and
heliports.

The airfield at
Leszno was an
excellent venue for
the Gliding World
Championships
which were a success
with a record-
breaking number of
participants. ➤
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this year or in the near future. 
As the Finnish Aeronautical

Association is a sports associa-
tion, it receives subsidies from
the Ministry of Education, but
membership fees and sponsor-
ship contracts account for a sub-
stantial part of the financing, ex-
plains Mönkkönen. In this re-
spect, the cooperation contract
with Vaisala has been very im-
portant and, indirectly, it also
made the Finnish team’s partici-
pation in the gliding champi-
onships possible. 

Smooth preparations
and success
The President of The Finnish
Aeronautical Association, Mr.
Tapio Savolainen, who acted as
the jury president at Leszno, de-
scribes the event as an all-time
success. However, some difficul-
ties came up during the training
week, including the interpreta-
tion of the regulations. There
were more planes participating
than ever before. All of the 128
planes on the starting line were
towed into air in just 45 min-
utes. The longest task extended
to 725 kilometers which broke
the record in the open class. 

Even if the Finnish teams
were only among the winners on
two competition days, Finland
and Vaisala certainly became
known among the participants

and spectators through the
team’s presence combined with
the reliable weather service from
the Vaisala Aviation Weather Re-
porter. In addition, the Finnish
evening event organized by
Vaisala and the Finnish team at
the end of the training week was
a success. Savolainen mentions
that the party attracted a huge
crowd to the hangar and people
enjoyed themselves. The event
was highly appreciated – just like
the tent sauna which was
dubbed the Vaisala Heavy
Weather Station. 

Both Savolainen and
Mönkkönen describe the coop-
eration with Vaisala, which fo-
cused on the gliding champi-
onships, as something complete-
ly new, finding it an interesting
learning experience. “The key to
mutual success was to truly co-
operate and work together to
find solutions to a number of
unexpected questions that came
up along the way. Many ideas
were discovered and discussed
when preparing for the Finnish
team’s trip to the champi-
onships,” remarks Mönkkönen.
The cooperation is a two-way
street: for the Finnish Aeronauti-
cal Association it enhances the
possibilities to organize activi-
ties, while from Vaisala’s point
of view it acts as a source of im-
portant feedback from users, rep-

resenting many different sports.
For instance, the output of the
AW11 has been slightly modi-
fied on the basis of the experi-
ence at Räyskälä aviation train-

ing institute. The system now
better meets the needs of para-
chuting planes that constantly
need information on cloud
height and winds. �
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The Finnish team’s secret weapon
was the tent sauna, the Vaisala
Heavy Weather Station. The
humidity and temperature of the
sauna were monitored with Vaisala
instruments. 

What is gliding?

G liding, or soaring, is flying without an engine. The
only sources of power are warm ascending air cur-

rents, thermals, or uphill blowing winds, "waves", in
mountainous areas. Finding these "cheap and clean
ways to go up and stay there" is dependent on one crit-
ical factor – the weather.

Gliding usually starts with towing or winching. Self-
starting with a small engine is also possible, but not very
common, because of the high price of these planes. 

After being lifted with some help from friends to a
height of 500–1000 meters, glider pilots usually start
looking for something to help them rise even higher
and stay there. This can last more than 10 hours and
take a glider plane and pilot hundreds or thousands of
kilometers. Some gliders are very good at aerobatics, so,
for example, looping and spinning is another popular
way to enjoy gliding on cross-country flights. 

Most gliders are operated by private pilots or flying
clubs. Joining a club is usually the best way to start glid-
ing. After getting a license, the clubs usually offer a
chance to start training to sharpen one’s skills. As in
many other fields, practice makes perfect in gliding.
With each flight, the ideal time to perfect one’s skills
lasts approximately as long as the active soaring. �
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T he Arma dei Carabinieri
originally selected the
AW11 as they found it a

suitable solution for their heli-
ports and for the Italian Air
Forces’ field emergency situa-
tions. The AW11 is a fully auto-
matic stand-alone weather obser-
vation and reporting system
which provides meteorological
data for helicopters/aircraft fly-
ing to airfields with no meteorol-
ogical support on the ground.
The AW11 measures all standard
aviation weather parameters: sky
condition (cloud layer height
and coverage), visibility, air pres-

sure, temperature, dewpoint,
wind speed and direction. 

All the data is processed and
presented in weather reports that
the system generates automatic-
ally. The reports provide an ac-
curate description of the prevail-
ing weather conditions at the
aviation site. The system outputs
the weather report in a clear hu-
man voice, via the built-in VHF
radio, which allows pilots ap-
proaching the site easy access to
the weather data.

The speech output of the ful-
ly automatic AW11 installed at
the heliports upgraded by Cal-
zoni uses the Italian language to
report the weather conditions.
The local operator will also be
able to record a message header
and provide additional informa-
tion at the end of the message. In
addition to the speech output via
VHF radio there is a PC at the
site, connected to the system
through the telephone network,
that provides weather data display
and system configuration moni-
toring in the operators’ room. �
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Managing Director
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Vaisala Aviation Weather Reporter AW11

Supporting at Italian Air
Force Heliports 
Vaisala recently delivered and installed one Italian-speaking
Vaisala Aviation Weather Reporter AW11 at a heliport base,
located near Rome, that has been recently renewed by Cal-
zoni, Panerai Sistemi Division. The AW11 is also used in field
emergency situations by the Italian Air Forces.

The Vaisala Aviation
Weather Reporter
AW11 is used at the
heliports of the Arma
dei Carabinieri in Italy. 



T he UK Met Office is
modernizing its opera-
tional upper-air data col-

lection network. This modern-
ization effort emphasizes inte-
grated data sets through the de-
ployment of new instrumenta-
tion that increases automation,
reduces recurring labor costs and
improves temporal and spatial
data resolution. 

Wind profilers have played a

24 164/2004

Herb Winston
Project Manager
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The UK Met Office has started using Vaisala
wind profilers as part of a modernization effort
in its upper-air data collection observation net-
work, in which radar wind profilers are playing
a significant role. A Vaisala Tropospheric Wind
Profiler LAP®-12000 was installed in the Outer
Hebrides, Scotland in fall 2003. The system, lo-
cated on South Uist, is required to operate reli-
ably and unattended in harsh weather condi-
tions.

Vaisala wind profilers support 

Modernization of Upper-air Data
Collection Network in the UK



significant role in this modern-
ization effort. The Met Office
operates three operational
boundary layer Vaisala LAP®-
3000 Lower Atmosphere Profil-
ers in Camborne, Dunkeswell
and Wattisham in England. Op-
erating at either 915 MHz or
1290 MHz, these profilers have
reliably provided lower tropos-
pheric wind data for several
years. A fourth LAP®-3000 “re-

search” system has also provided
data from several locations with-
in Scotland and Wales in sup-
port of the expanding wind pro-
filer program. 

More recently, the Met Of-
fice decided to decommission its
upper-air rawinsonde station in
Stornoway, Scotland and to re-
place it with a wind profiler. The
new wind profiler system, to be
installed on South Uist Island in
the Outer Hebrides, Scotland,
was required to provide consi-
tent wind data to a 12-km alti-
tude. The system must also meet
the operational needs of the UK
Met Office by supporting con-
tinuous and remote operation,
functioning reliably and unat-
tended in an extremely hostile
environment. The profiler will
have six months between sched-
uled site visits, and achieve a ten-
year operational life cycle.
Vaisala was awarded a contract
to manufacture and deliver its
LAP®-12000 wind profiling
radar to Met Office. 

The Vaisala Tropospheric
Wind Profiler LAP®-12000 com-
bines electronics and signal pro-
cessing licensed and manufac-
tured by Vaisala under a Cooper-
ative Research and Development
Agreement (CRADA) with the
National Oceanic and Atmos-
pheric Administration (NOAA).
The antenna and final amplifier
are provided by ATRAD Pty.
The system operates at a fre-
quency of 64 MHz and has a fi-
nal amplifier providing a peak
output power of over 60 kW.
The antenna array (see photo),
constructed from 144 three-ele-
ment Yagi-Uda stainless steel an-
tennas, is electrically steerable in
5 directions and occupies an
area of approximately 1025 m2. 

The data system incorpo-
rates a Vaisala’s Digital IF receiv-
er, which was officially launched
at the World Meteorological Or-
ganization’s METEOREX 2002
exhibition in Bratislava, Slovak

Republic. The digital IF receiver
has subsequently been integrat-
ed across the Vaisala LAP® wind
profiler product line.

The system was delivered to
the Met Office in August 2003.
A one-month test was per-
formed by the Met Office to
evaluate the system’s operational
reliability, data recovery and
wind measurement accuracy. Af-
ter confirming that the delivered
system met the tender specifica-
tion, the system was accepted on
September 15, 2003. The LAP®-
12000 which will become opera-
tional in early 2004 is the main
upper-air sounding system for
the Western Isles of the UK. Ob-
servations from this site are also
used by European Met Services
through the EUMETNET
WINPROF Program. 

Vaisala will continue to sup-
port the Met Office by provid-
ing technical expertise on the
use and implementation of the
advanced signal processing fea-
tures available in the Digital IF
architecture.  These include
Wavelets, Multiple Peak Picking
and an experimental Droplet
Size Distribution algorithm. The
wind profiler at South Uist is
part of the COST Wind Initia-

tive for a Network Demonstra-
tion in Europe, CWINDE,
which comprises numerous wind
profiler sites across Europe.

Our readers are welcome to re-
view the South Uist data from the
official CWINDE Web site at
http://www.met-office.gov.uk/re-
search/interproj/cwinde/profiler/i
ndex.html. Simply click on the
South Uist location on the map
and then scroll down to the 64
MHz data set. Twelve-hour data
plots are provided for both high
mode and low mode wind data. �
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Sample of wind profiler data display at South Uist.



O perating on the 482
MHz frequency, the
newly commissioned

wind profiler at Ziegendorf
measures wind speed and direc-
tion up to 16 km above ground
level (agl). With the Radio
Acoustic Sounding System
(RASS), virtual temperature pro-
files are obtained up to 4 km agl. 

A first prototype of the 482
MHz wind profiler was deli-
vered to DWD in 1996 for eval-
uation at their research center in
Lindenberg, Germany. Based on
experience gained with the pro-
totype, the system has been fur-
ther developed. The new profil-
ers will support DWD opera-
tions by providing continuous
wind and temperature profiles to
improve weather forecasting.

The LAP®-16000 Wind Pro-
filers that are now being deli-
vered have been improved in

many respects compared to the
prototype. The antenna array
now consists of 180 coaxial co-
linear antennas with 14 dipoles
each, controlled by an electroni-
cally actuated phase shifter to
provide the five different beams
with an optimum antenna pat-
tern. Antenna array power taper-
ing and a surrounding earth wall
have also been added to reduce
unwanted signals from low-angle
antenna side-lobes. The radar
transmitter is now based upon
advanced LD-MOS transistors
and utilizes eight off-the-shelf
TV transmitter amplifiers from
FTK Rohde & Schwarz GmbH
in Berlin. This amplifier has
been specially modified for the
pulse transmission mode for
wind profiler operation. The
nominal output peak power of
the modular transmitter system
is 16 kW. The effective isotropi-
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Vaisala LAP®-16000 Tropospheric Radar Profiler to

Deutscher Wetterdienst Expanding
Upper-air Observing Network
A Vaisala Tropospheric Radar Profiler LAP®-16000 was handed over to the German
Weather Service, Deutscher Wetterdienst (DWD), on September 26, 2003. This profiler
installation at Ziegendorf in Mecklenburg-Vorpommern is the first of three under the
Vaisala contract from DWD to expand their upper-air observing network. 

Vaisala Tropospheric Radar Profiler LAP®-16000 at Ziegendorf. 



cally radiated power (EIRP) is 48
MW due to the antenna gain. 

The transmit control elec-
tronics include a pulse shaping
unit that constrains the occu-
pied bandwidth within a narrow
range. The receiver unit includes
digital IF electronics, resulting in
increased dynamic range and
improved signal processing. Da-
ta processing with the Vaisala
LAP-XM® software, which pro-

vides system control and signal
processing functions, has been
enhanced to include special fea-
tures to meet DWD-specific re-
quirements. The data display
and communication capabilities
were also delivered according to
DWD specifications. The entire
system includes built-in record-
ing of internal operating para-
meters so that the functional sta-
tus of system components can

be remotely monitored over a
network connection using an in-
ternet browser.

With a truly global team and
sub-suppliers coming from Ger-
many, Finland and the U.S., the
first system delivery at Ziegen-
dorf has been finalized within
the originally planned time-
frame. The extended testing and
verification process was accom-
plished jointly by Vaisala and
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The Graph-XM® software provides data visualization schemes
such as time-height cross sections of wind barbs. Examples of
data displays from the profiler at Ziegendorf.

The Radio Acoustic Sounding System (RASS) provides virtual temperature profiles, pictured is one of
the four RASS units.

Transmit and receive control unit at the equipment
shelter.

the DWD research and opera-
tions teams from Lindenberg
and Hamburg.

For the next system, which
will be installed at Nordholz in
Lower-Saxonia, the infrastruc-
ture is currently under prepara-
tion and delivery to DWD is
planned for the summer of 2004.
Delivery of the third system to
Bavaria is scheduled for early
2005. �



T he Vaisala Thunderstorm
Information System en-
ables the selection of

new modular total lightning and
cloud-to-ground lightning sen-
sors, all of which utilize a new
common central processing plat-
form along with proven display
and analysis application soft-
ware. The new design philoso-
phy offers planned application
evolvement paths that meet cus-
tomer’s growing needs and ac-
commodate for priorities that
change over time. 

For comprehensive lightning
information and accurate detec-
tion of the lightning types that
are most indicative of thunder-
storm development, the TS se-
ries combines the two most ef-
fective lightning detection tech-
nologies. The proven very high
frequency (VHF) interferometry
technology provides extremely
high performance in the detec-
tion of cloud lightning, while
the low frequency (LF) com-
bined magnetic direction find-
ing and time-of-arrival technolo-
gy offers the highest detection
efficiency and most accurate lo-
cation for cloud-to-ground light-
ning strokes.

Design takes budget
considerations into 
account
Appreciating customers’ needs,
Vaisala has worked to provide sci-
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New Vaisala Thunderstorm Information System 

A Revolution in Lightning Detection
Networks with Modular Technology
for Focused Performance
As the market leader in lightning detection technologies, Vaisala con-
stantly develops products that enhance meteorological forecasting,
nowcasting and historic analysis. The new Vaisala Thunderstorm In-
formation System introduces the next generation of modular light-
ning detection sensor and processing platforms, which continue the
Vaisala tradition of scientific expertise and innovation. The Vaisala
Thunderstorm Information System allows users to select the ideal sen-
sor configuration for a particular network and combine it with appro-
priate data processing, archival and display tools into a solution that
meets lightning detection needs in meteorology, hydrology, electric
power distribution, aviation, defense and telecommunications.



ence-based, reliable solutions
that take into account not only
customers’ technical require-
ments but also their financial sit-
uation. With large networks such
as thunderstorm information sys-
tems, important design criteria
include working within estab-
lished budgets and planning for
evolution and enhancements as
budget cycles permit. The modu-
lar design philosophy of the TS
series allows current or future
network owners to select the sys-
tem configuration or upgrade
path that will best address their
particular applications and prior-
ities. It is important to note that
it is fully compatible with its
predecessors, Vaisala IMPACT,
Vaisala SAFIR, and Vaisala
LPATS IV sensor-based networks.

New modular sensors
for focused
performance
The sensor component of the TS
series is designed to offer the net-
work owner maximum flexibility
and evolution opportunities
through a modular sensor plat-
form designed to host different
sensing technologies. Sensor plat-
form development has focused
on enhancing equipment reliabi-
lity and offering more compre-
hensive total lightning detection
and continued high performance
in detecting and locating cloud-
to-ground lightning strokes.

This translates into improved
flexibility, as the sensors can be
tailored for current or future ap-
plications. For high-performance
detection of cloud lightning, the
sensors employ the proven VHF
interferometry technology.
Cloud-to-ground lightning
events are detected with the
unique combination of LF mag-
netic direction finding and time-
of-arrival technologies, which
have been verified to provide the
highest detection efficiency and
most accurate location finding
for this type of lightning. The
sensor design combines these so-
phisticated technologies and of-
fers comprehensive lightning in-
formation, enabling a network

owner to capture both the depth
and breadth of the lightning in-
formation required.

The primary sensor selection
includes the two main sensor
types: the Vaisala Thunderstorm
Total Lightning Sensor LS8000,
and the Vaisala Thunderstorm
CG Enhanced Lightning Sensor
LS7000.

Vaisala Thunderstorm
Total Lightning Sensor
LS8000
The Vaisala Total Lightning Sen-
sor LS8000 detects cloud light-
ning using VHF interferometry
and employs combined LF mag-
netic direction finding and time-
of-arrival methods for detecting
cloud-to-ground lightning strokes.
The sensor provides 90% detec-
tion efficiency of cloud lightning
and cloud-to-ground lightning
and a median location accuracy of
500 meters for cloud-to-ground
lightning strokes. 

The LS8000 is designed for
applications that require the fast
and accurate measurement of
thunderstorm phases by detect-
ing cloud lightning early and
comprehensively detecting
cloud-to-ground lightning. Im-
portant users of the LS8000 are
meteorological agencies and hy-
drological agencies, as well as air-
port and air traffic operations for
the close monitoring and now-
casting of thunderstorm cells.

The flexibility of the modu-
lar sensor design also provides for
two other versions of the VHF
interferometry-type sensor: the
Cloud Lightning Sensor LS7200,
a VHF-only version for the de-
tection of cloud lightning, and
the Cloud Enhanced Lightning
Sensor LS7500, a VHF, LF time-
of-arrival version. Both of these
versions complement a cloud-to-
ground detection network.

Vaisala Thunderstorm
CG Enhanced Lightning
Sensor LS7000
The Vaisala CG Enhanced
Lightning Sensor LS7000 accu-
rately locates cloud-to-ground
lightning strokes using the com-

bined LF magnetic direction
finding and time-of-arrival tech-
nologies. It provides 90% detec-
tion efficiency of cloud-to-
ground lightning with a median
location accuracy of 500 meters. 

The LS7000 sensor is ideal
for applications where the pri-
mary concern is the comprehen-
sive detection of cloud-to-
ground lightning with accurate
measurements of lightning char-
acteristics, such as amplitude,
polarity, and lightning type dis-
crimination. The LS7000 also
provides a survey level of cloud
lightning detection (5–30% de-
tection efficiency) by detecting
the LF emissions of cloud light-
ning events.

The LS7000 capabilities are
important for electric power util-
ities, telecommunications, de-
fense, and forestry agencies. In
these applications, location ac-
curacy is critical to identify
threats and correlate events rela-
tive to specific locations, such as
a power substation or communi-
cations tower, or to investigate a
possible wildland fire ignition.

A simplified version of the
sensor, the Vaisala CG Lightning
Sensor LS5000, using LF time-
of-arrival only, is available to the
user when site characteristics do
not satisfy the higher quality
standards of the LS7000 and
LS8000.

Heart of the system:
Central Processor
CP8000
To address all of the lightning
application needs of the network
owner, the TS series system de-
sign is based on flexibility. The
beauty of the new central pro-
cessing platform is that, for the
first time, a single UNIX central
processor simultaneously hand-
les data from all the sensor types. 

The central processing suite
consists of a Vaisala Thunder-
storm Central Processor CP8000
and a Vaisala Thunderstorm
Archive Processor AP5000. The
CP8000, which forms the core
of the system, processes and ana-
lyzes the raw lightning data from
the various sensors and also
monitors network perfor-
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Total Lightning Sensor LS8000 (right) and CG Enhanced Lightning Sensor
LS7000 (left) are based on a modular design; the lightning detection
capabilities of each sensor can be adapted and a blend of these sensors can be
used in a network. 

➤



mance. The CP8000 ingests the
raw data resulting from the LF
and VHF emissions of cloud
and cloud-to-ground lightning
events, processes the data into
solution data and then forwards
the data to the Archive Proces-
sor AP5000, or directly to the ap-
propriate real-time displays. The
AP5000 specializes in archiving
the data for forensic applica-
tions.

The CP8000’s user interface,
the Common Desktop Environ-
ment (CDE), provides the oper-

ator with easy access to the raw
data captured by the sensors and
to the resulting lightning solu-
tions. In addition, the CP8000
provides user-friendly sensor in-
terface tools, which allow easy
configuration and the hands-off
monitoring of network opera-
tion.

Stable and reliable 
platform
The CP8000 runs on a UNIX
platform, using the SUN Solaris
operating system. Over the years

UNIX-based central processing
platforms have proven to be reli-
able, stable components of light-
ning information systems. This
contributes to high operational
uptime – a key requirement for
all systems.

Proven real-time 
display software 
applications
Display software applications re-
trieve solution data directly from
the CP8000. The Vaisala Pro-
cessing and Display Module
PDM is recommended for many
weather forecasting operations,
since it offers a comprehensive
display of total lightning infor-
mation and specialized nowcast-
ing of thunderstorm cell evolu-
tion and intensity. In turn,
Vaisala Real-time Lightning
Tracking Software LTraX® is ide-
al for electric power utility appli-
cations. Its strength is in accu-
rate lightning mapping relative
to fixed assets such as transmis-
sion lines, and in quick query
functions.

Application-specific
analysis software
The historical analysis software

receives data directly from the
Archive Processor AP5000. The
Vaisala Fault Analysis and Light-
ning Location System FALLS®

is the benchmark for weather in-
cident analysis. Vaisala FALLS
was designed in cooperation
with the Electric Power Research
Institute (EPRI) for electric pow-
er utilities, to reduce lightning-
caused faults by correlating
events to lightning and then pro-
tecting vulnerable areas with
more intelligent, preventative
engineering and design. Al-
though originally developed for
the power utility sector, FALLS
offers lightning activity density
graphs and historical lightning
stroke parameter data, and is of-
ten used by meteorological agen-
cies for research and disaster
planning. A lighter version of
the historical analysis software is
also available with the Vaisala
Data Analysis Module DAM.

Meteorology: 
Nowcasting empowered
with total lightning
The integration of total light-
ning data with radar, satellite
and other meteorological data
plays an increasingly important
role in the forecasting and now-
casting activities of meteorolog-
ical, hydrological, and aviation
agencies around the world. Ad-
ditionally, lightning data can
provide critical thunderstorm
cell information in areas prone
to radar blockage.

Nowcasting empowered with
total lightning enables the track-
ing and early identification of
threatening thunderstorm cells
and associated heavy precipita-
tion or highly convective areas. 

In the United States, light-
ning information is used on a dai-
ly basis by different agencies of
the National Oceanic and Atmos-
pheric Administration (NOAA).
Moreover, all regional National
Weather Service forecasting of-
fices use lightning information
provided by Vaisala in their fore-
casting activities. Worldwide,
Vaisala lightning detection net-
works serve the forecasting needs
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Sensor Modular Sensing Application and performance focus
model acquisition technologies

platform
VHF ITF LF MDF LF TOA

LS8000 X X X X Meteorology, aviation, hydrology, electric power, 
defense, forestry
Total lightning 
High redundancy; calibrated lightning parameters
Medium to large area coverage 

LS7200 X X Airports, air traffic management, metropolitan area 
nowcasting
Cloud lightning 
Short to medium area coverage 

LS7000 X X X Electric power, forestry, telecommunications
Cloud-to-ground lightning
High redundancy; calibrated lightning parameters
Large area coverage 

LS5000 X X Meteorology, electric power
Cloud-to-ground lightning
Used for non-LF (B-field) compliant sites; 
non-calibrated lightning parameters
Large area coverage 

Table 1. Sensor models, technologies and key applications.

Vaisala Real-time Lightning Tracking Software LTraX® was designed
for lightning monitoring by electric power utilities.



of meteorological and hydrologi-
cal agencies in more than 40
countries.

Hydrology: Lightning
data completes severe
weather data set
Similar to the application for
meteorology, the TS series is also
suited to the needs of hydrologi-
cal agencies, complementing
other sources of severe weather
data. The primary concerns of
many hydrological services in-
clude the early identification of
severe thunderstorms and the
anticipation of intense precipita-
tion phases. The TS series pro-
vides data that allows the rela-
tionship between lightning ac-
tivity and precipitation to be
mapped out, as well as allowing
the assessment and nowcasting
of precipitation potential.

Aviation: Air traffic 
control and the airport
environment
In aviation, total lightning infor-
mation is critical in monitoring
two fundamental domains: en-
route traffic and terminal and
airport areas. Intense convective
activity with updrafts of up to
200 km/h and high concentra-
tions of hydrometeors is a signif-
icant hazard for aircraft en-route
and during terminal air opera-
tions. These dangers take the
form of cloud lightning and in-
tense turbulence, gust fronts,
wind shears, microbursts, hail

and ice formation.
Airport and terminal ground

hazards include cloud-to-ground
lightning threats, which endan-
ger ground crews involved with
aircraft fueling, maintenance,
baggage handling and passenger
transfer. These ground-safety ap-
plications may be addressed
with the Vaisala Precision Light-
ning Warning System PLWS,
which includes LS8000 or
LS7000 sensors with local elec-
tric field mills, specialty warning
software, and remote warning
equipment.

In the United States,
Vaisala’s National Lightning De-
tection Network® (NLDN®)
provides real-time and historical
lightning data, which is used to
support the US National Weath-
er Service, FAA air route traffic
control centers (ARTCC), traffic
control centers (TRACON) and
many individual FAA towers.
Moreover, airports around the
world also use Vaisala lightning
information systems for air safe-
ty, as well as the Vaisala PLWS
for airport ground safety opera-
tions.

Electric power: 
Preparing to minimize
thunderstorm impact
Electric power utilities use real-
time lightning tracking and
thunderstorm forecasting to pre-
position resources for quicker re-
sponse times if lightning or
thunderstorms threaten to inter-

rupt power generation or delive-
ry. Along with thunderstorm
monitoring, power utilities are
also the leaders in using historic
cloud-to-ground lightning analy-
sis tools to design better protec-
tion schemes and implement
preventative maintenance that
reduces operational interrup-
tions caused by lightning. To
this end, the Vaisala Fault Analy-
sis and Lightning Location Soft-
ware FALLS is the right tool for
time trend and incident analysis.
Vaisala’s lightning detection sys-
tems currently serve more than
150 electric power utilities
around the world.

Pursuing scientific and
innovative excellence
The Vaisala Thunderstorm Infor-
mation System is the result of

many years of development, sci-
entific expertise, and experience
in installing and supporting
lightning detection networks
around the world for the most
demanding of users. This now
culminates in the most sophisti-
cated and versatile lightning de-
tection solution available on the
world market. Thanks to its
modular design, its integration
of the full spectrum of lightning
detection technologies, and its
complete compatibility with ex-
isting Vaisala lightning detection
networks, the new Vaisala Thun-
derstorm Information System al-
lows existing and new network
owners to select the system and
evolvement path that will ad-
dress all of their lightning infor-
mation requirements – now and
in the future. �
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Vaisala Processing and Display Module PDM nowcasts thunderstorm cell evolution, maps total lightning density and tracks total lightning. 

Vaisala Fault Analysis and Lightning Location Software FALLS®

provides detailed lightning analysis maps and reports.



T he Vaisala PWD-series
provides road authorities,
aviation authorities and

meteorological organizations
with the features they require: a
visibility measurement range
(MOR), characterization of re-
duced visibility, precipitation
type identification, precipitation
accumulation/intensity measure-
ment, and report formats
(WMO, NWS code tables). The
Vaisala Visibility Sensors PWD10
and PWD20 are new models,
complementing the PWD-series
offering that also comprises the
Present Weather Detectors
PWD12 and PWD22. Please see
table 1 for details on the models
and their applications. 

Proven measurement
technology
The Vaisala Present Weather De-
tectors PWD12 and PWD22
identify precipitation type by as-
sessing the water content of the

32 164/2004

Ritva Siikamäki, MA
Editor-in-Chief
Vaisala Helsinki
Finland

New product family of

Present Weather Detectors
and Visibility Sensors
Vaisala has launched two new visibility sensors, the PWD10 and
PWD20, to complement the Vaisala PWD-series of Present Weather
and Visibility Sensors. The versatile PWD Series is designed to meet
the visibility and present weather measurement needs of road au-
thorities, aviation authorities and meteorological organizations. Of-
fering proven technology and flexible upgrade possibilities, new
measurement capabilities can be added to the PWD sensors to meet
growing measurement needs. 

The PWD series is a sensor family
that can be easily and economically

upgraded to meet growing
measurement needs.



precipitation with a capacitive
device - the Vaisala RAINCAP®

sensor element. This informa-
tion is then combined with opti-
cal forward scatter and tempera-
ture measurements. These three
independent measurements are
processed through sophisticated
algorithms to produce an accu-
rate evaluation of the weather
type according to the WMO
and NWS code tables.

Calibrated accuracy and
innovative design
Vaisala PWD-series sensors are
all calibrated with reference to a
highly accurate transmissometer,
and employ the proven forward-
scatter measurement principle to
measure Meteorological Optical
Range (MOR). The visibility
sensor’s design offers protection
against contamination: the opti-
cal components point down-
wards, and the hoods protect the
lenses against precipitation,
spray and dust. The weather-
proof design of the PWD sen-
sors translates into accurate
measurement results in all con-
ditions, while reducing the need
for maintenance to a minimum.
Optional hood heaters are re-
commended for wintry condi-
tions to prevent ice and snow ac-
cumulation.

Easy installation and
expandability
All PWD sensors are compact
and light-weight. They come with
a cable and connector for easy in-
stallation, and can be mounted in
many ways on any existing mast.
The measurement capabilities of
the Vaisala PWD-series sensors
can be easily and economically
upgraded to meet measurement
needs that grow over time. 

Road weather 
applications
The Vaisala Visibility Sensor
PWD10 offers economical and
reliable visibility measurement
for road weather applications. In
the road environment low visibi-
lity is a serious safety hazard and
significantly reduses traffic flow.

Providing a measurement range
of 10 – 2,000 meters (32 – 6500
ft), the PWD10 is, for example,
recommended for road weather
systems which alert drivers to re-
duced visibility. 

For advanced road weather
applications, the Vaisala Present
Weather Detector PWD12 pro-
vides accurate visibility and pres-
ent weather measurement in the
road environment. Besides
measuring visibility the PWD12
also indicates the cause of re-
duced visibility, by identifying
precipitation type and intensity.
In other words, the PWD pro-
vides a more complete picture of
the weather conditions, which is
valuable information for road
authorities in the short-range
planning of road maintenance
operations. 

Long-range visibility
measurement
The Vaisala Visibility Sensor
PWD20 offers a longer measure-
ment range than the PWD10,
extending it to 10 – 20,000 me-
ters (32 – 65,600 ft). The long-
range visibility measurement is
useful in diverse applications,
covering harbors, coastal areas,
heliports and windmill parks
where visibility measurement is
necessary. The PWD22 sensor
also incorporates long-range vi-
sibility measurement capability. 

Meteorological 
applications
The Vaisala Present Weather De-
tector PWD22 is a combined for-
ward scatter visibility and present
weather sensor that provides a vi-
sibility measurement range of 10
– 20,000 meters (32 – 65,600 ft).
The PWD22 is recommended for

automatic weather stations, espe-
cially low-power AWSs, that are
used for general meteorological
and aviation applications. Its ca-
pability of detecting freezing pre-
cipitation and reporting present
weather in WMO METAR code
format makes it a valuable addi-
tion to AWOS systems. 

Tactical applications
The special Vaisala Present
Weather Sensor PWD11A used
in TACMET stations will be re-
placed with the new PWD22M
model, painted green. The soft-
ware and mechanical interfaces
of the PWD22M are entirely
compatible with the PWD11A
and it fits the PWD11A slot in
the TACMET Carry Case. The
PWD22M will gradually replace
the PWD11A.

PWD12, PWD22 vs.
PWD11, PWD21
In comparison with the former
models, PWD11 and PWD21,
the new PWD12 and PWD22
offer considerably more installa-
tion flexibility and can be fitted
with optional heaters in wintry
conditions. A luminance sensor
option is available for use in Au-
tomated Weather Observing Sys-

tems (AWOSs) and the new
models have lower power con-
sumption than the former ones.
Additionally, detection sensitivi-
ty in light precipitation has been
improved in the PWD22, which
is equipped with two RAIN-
CAP® sensor elements. It is now
easier to integrate PWD series
products with simple data col-
lection systems, since the new
PWD10 and PWD20 visibility
sensors also incorporate new
analog outputs beside the stan-
dard serial line interfaces. 

Road weather systems will
be equipped with the PWD12
instead of the former PWD11
model. The new present weather
detector model PWD22 will re-
place the current PWD21 model
in other applications. The soft-
ware and mechanical interfaces
of the PWD12 and PWD22 are
compatible with the older
PWD11 and PWD21 models.
With the new PWD-series,
Vaisala reinforces its position as
the world’s leading provider of
optical sensors. The existing line
of Vaisala visibility and present
weather sensors – the FS11,
FD12P, FD12 and MITRAS
Transmissometer – will continue
to be manufactured. �
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Vaisala Present Weather Detector PWD22.

Product type Main applications, main features
Visibility sensor PWD10 Road weather systems, accurate visibility measurement up to 2 km

PWD20 Meteorological and aviation weather, offers long-range visibility 
measurement up to 20 km

Present weather PWD12 Demanding road weather applications, short-term planning of
detector maintenance operations, combined visibility and precipitation type sensor

PWD22 General meteorological applications, Automatic Weather Stations, 
capacity to detect freezing conditions supports warnings for 
safety hazards, combined visibility and precipitation type sensor

Table 1. PWD Series products and their main applications



T he skillful long-range
prediction of high-im-
pact weather is a signifi-

cant scientific and societal chal-
lenge for the 21st century. Recent
improvements in atmospheric
observing technology, data as-
similation methods, numerical
model formulation, and the use
of ensemble techniques have all
contributed to substantial in-
creases in forecast skill. Despite
these advances, limitations still
exist in our ability to forecast
high-impact weather events. 

In support of this program
Vaisala co-sponsors postdoctoral
research fellowships that aim to
support improved global numer-
ical weather prediction as a re-
sult of improved observations.
The studies in this program seek
to assess the value and effective-
ness of: 

1) earth-based atmospheric
observing strategies; 

2) new and existing earth-
based in-situ observing systems
and remote sensing systems; or 

3) the interplay between
earth-based and space-based ob-
serving systems.

Seeking improvements
to weather prediction
The ten-year research program
will be carried out under the aus-
pices of the World Weather Re-
search Program (WWRP) of the
World Meteorological Organiza-
tion (WMO). THORPEX in-
cludes international collabora-
tion between the operational
and research communities. The

primary objective of THORPEX
is to accelerate improvements in
the prediction of high-impact
weather on time scales extending
to two weeks. Moreover, THOR-
PEX research aims at enhancing
the societal value of advanced
forecast products. The program
covers both short-range (up to 3
days), medium-range (3 to 7
days) and extended-range (two
week) weather predictions. It will
examine predictability and ob-
serving-systems issues, and es-
tablish the potential to produce
significant, statistically verifiable
improvements in forecasts of
high-impact weather. The
THORPEX program, which is
global in scope, builds upon and
coordinates advances being
made in the operational fore-
casting and basic-research com-
munities. The weather events to
be considered include systems of

mid-latitude, arctic, or tropical
origin, since they often contain
significant embedded mesoscale
features. 

Evaluation procedure
As expected, numerous propos-
als were received from scientists
at weather prediction centers, in
academia, and at non-profit re-
search institutions. Awards were
only available to support new
postdoctoral appointees. An
Evaluation Panel consisting of
representatives from Vaisala and
the THORPEX community
evaluated proposals submitted
before the deadline. Additional-
ly, the evaluation panel includ-
ed a representative from the
WWRP/Science Steering Com-
mittee and at-large community
representatives. 

The proposals were evaluat-
ed as to their relevance to the

observing system goals of
THORPEX and the role of cur-
rent and future measurement
systems in support of global nu-
merical weather prediction. Ad-
ditionally, the scientific clarity
and rigor of the proposal, the
quality of the proposal docu-
ment, and likelihood of success
were important factors in the
evaluation. The qualifications of
the postdoctoral scientist and
scientific supervisor, the scientif-
ic and technical support of the
host institution(s) and the com-
mitment of the host institu-
tion(s) to the equal-cost-sharing
criterion of the fellowship pro-
gram were also considered.

Two projects awarded
One award was made to
MétéoFrance for the study “To-
wards the optimal combination
of advanced sounder data and in
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Vaisala supporting THORPEX 

Extensive Research Program on
THORPEX – A Global Atmospheric Research Programme is an ob-
serving-system research and predictability experiment that aims to
study and improve the effectiveness of both earth-based and
space-based atmospheric observing systems. In January 2003,
Vaisala announced a co-sponsorship opportunity to support an ex-
tensive post-doctoral research program on observing systems. The
international evaluation panel for the awards has accepted two
proposals. One award goes to MétéoFrance’s study “Towards the
optimal combination of advanced sounder data and in-situ pro-
files for the short-range forecast of synoptic events”. The research
project of the University of Reading and the UK Met Office “At-
lantic TOST (THORPEX Observing Systems Test) Evaluation of Pre-
dictive Skill” has received the second award.



situ profiles for the short-range
forecast of synoptic events”. The
research project of the Universi-
ty of Reading and the UK Met
Office “Atlantic TOST (THOR-
PEX Observing Systems Test)
Evaluation of Predictive Skill”
received the second award.

In the MétéoFrance project,
Hua Zhang of the China Meteor-

ological Administration will be
the post-doctoral scientist, under
the supervision of Florence Ra-
bier and Alain Joly; Dr. Zhang re-
ceived his Ph.D. degree from
Lanzhou University, Gansu,
China. The research project will
utilize the China-Japan region
with its high-density Rawinsonde
Observation programs (RAOBs).

In the second award, the post-
doctoral scientist is Dr. Gudrun
Petersen from Iceland, who re-
ceived her Ph.D. degree from the
University of Oslo, Norway.

Each award is for a period of
up to two years. Awards are sub-
ject to co-funding by one or
more host institutions in addi-
tion to Vaisala. 

Second THORPEX 
program announcement
Within the THORPEX program,
a second round of awards has
been announced in December
2003. Support will be available
for two additional proposals. De-
tails of the second announcement
can be found on Vaisala’s web-
site: http://www.vaisala.com. �
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Observing Systems

Earth and space based observing systems have been improved recently, but the research community still faces considerable challenges for ever more accurate and
reliable observing systems. 
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T he 6th ECAM conference
and the EMS annual
meeting were jointly or-

ganized by the Italian Meteorol-
ogical Service and the Air Force
and hosted with the courtesy of
the Italian National Research
Council. The participants, some
400 in total, included European
national meteorological services,
international organizations, gov-
ernment agencies, universities,
private service providers and
users of meteorological services.
The main themes at ECAM were
the use of forecasting tools, the
impacts of weather forecasts on
the economy, the verification of
weather forecasts and the role of
meteorology in global monitor-
ing of the environment and safe-
ty. 

The European Meteorolog-
ical Society, which was founded
in September 1999, held its third
annual general meeting in

Rome. The EMS annual meeting
reflected on strategies in meteor-
ology, the commercialization of
services and the role of the Euro-
pean Meteorological Society
(EMS). Presentations were given
on the strategies of national and
regional meteorological services,
the European Centre for Medi-
um-Range Weather Forecasts,
EUMETNET, the European
Space Agency and private com-
panies, including a presentation
of Vaisala’s strategy by President
and CEO Pekka Ketonen. These
formed a comprehensive
overview of current topics and
future developments in the field. 

A special session was also de-
voted to the role of meteorology
in safeguarding civil protection
and cooperation with civil safety
authorities. Beside providing re-
liable and timely warnings for se-
vere weather events, such as se-
vere storms and floods, meteor-

ological services also face the
challenge of meeting the needs
of various external customers
whose operations can benefit
from weather information. In
many countries, projects to ex-
tend automated surface weather
observation networks are being
planned, and views were ex-
changed on this topical issue,
too. At a special joint session of
ECAM and EMS, the future
contribution of satellites to the
progress of meteorology was dis-
cussed, considering observation,
telecommunication, positioning
and synchronizing aspects both
in the mid and long term per-
spective. The conclusions of this
session stated that the space-
based component of the WMO
Global Observing System (GOS)
is expanding quickly and stressed
the need for cooperation at vari-
ous levels of operation, and
across various disciplines. 

An exhibition was also
arranged in conjunction with
ECAM, with seven companies
presenting their newest tech-
nologies and products. We
would hereby like to thank Gen-
eral Roberto Sorani and his staff
for the opportunity Vaisala was
given to exhibit at ECAM 2003
and for the good organization
and success of the event. Within
the themes of the ECAM con-
ference, Mr. Jaakko Hirvensalo,
as a Vaisala Product Line Man-
ager, gave a presentation on the
new digital Vaisala Radiosonde
RS92. The new radiosonde mod-
el, along with the new ground
check set and sounding system,
attracted a lot of interest among
the participants who stopped at
Vaisala’s booth for further dis-
cussion welcoming the im-
proved processing and enhanced
user-friendly features of the sys-
tem with enthusiasm. Other
Vaisala products on display in-
cluded the Vaisala AUTOSON-
DE system and various lightning
detection products. Vaisala also
hosted a dinner at the event
where the lively discussion on
the role of meteorology conti-
nued. Vaisala’s agent for weather
observation products in Italy,
Eurelettronica Icas Srl, con-
tributed greatly to Vaisala’ suc-
cess at the event, and special
thanks go to the company’s
managing director Maria Rita
Leccese and her staff. 

The next EMS meeting and
ECAM conference is scheduled
to be held in 2004. The theme of
the event will be extended to
cover issues of hydrology more
comprehensively. �
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ECAM 2003 in Rome focuses on

Strategies in Meteorology,
Accuracy of Forecasts and
Weather Warnings
The annual general meeting of the European Meteorological Society
and the European Conference on Applications of Meteorology
(ECAM) were held in Rome in September 2003. The events brought
together European meteorologists to share their views on the strate-
gies and trends within meteorology. A central theme of discussions
was reflection on the strategies of national meteorological services
and private companies operating in the field. The challenges imposed
on meteorological services by current demands on the accuracy of
forecasts was also the subject of lively discussion, with a special view
on the capability of providing timely warning services. 

Vaisala showcased new products,
such as the new digital radiosonde
RS92, at ECAM 2003 in Rome. 



T he award ceremony at
WMO headquarters in
Geneva, Switzerland, was

attended by Dr. Daniel K.
Keuerleber-Burk, Permanent
Representative of Switzerland
with WMO, Prof. Dr. Ralph
Eichler, Director of the Paul
Scherrer Institute, and Mr. Pekka
Ketonen, President and CEO of
Vaisala. 

New instrument for
measuring 
hygroscopicity at 
temperatures below 0°C
The winning paper “Hygroscop-
icity of Aerosol Particles at Low
Temperatures. New Low-Tem-
perature H-TDMA Instrument:
Setup and First Applications”
was published in Environmental
Science & Technology, Vol. 36,
55 -62, 2002. In this paper Dr.
Urs Baltensperger, Dr. Martin
Gysel and Dr. Ernest Weingart-
ner present a new instrument,

the Hygroscopicity Tandem Dif-
ferential Mobility Analyzer (H-
TDMA), that allows the water
uptake of submicrometer
aerosol particles to be deter-
mined at temperatures below
0°C. The instrument can be used
for determining the hygroscopic
growth of aerosol particles at
sub-zero temperatures. In addi-
tion to describing the instru-
ment’s development, operation
principle and characteristics, the
paper also discusses field tests
and applications of the method,
as well as comparing the theory
with laboratory measurements. 

Chemical composition
of the atmosphere 
At the ceremony, Prof. Obasi
underlined in his statement the
importance of the newly devel-
oped instrument for the Global
Atmosphere Watch (GAW) of
WMO, a program that monitors
the chemical composition of the

atmosphere with the aim of pro-
viding a database of the changes
caused by natural and anthro-
pogenic influences. Such infor-
mation is essential for studies on
climate change, the ozone layer,
and pollutants. In this context
atmospheric aerosols also play
an important role.

The new instrument investi-
gates how aerosol particles
change their size when they are
transferred from dry conditions
to a well defined higher relative
humidity. The instrument intro-
duces the ability to perform
measurements in sub-zero con-
ditions, which will provide new
insights into aerosol behavior
and cloud formation under sub-
zero temperatures in the atmos-
phere. Moreover, Prof. Obasi al-
so stressed in his statement the
contribution of the Paul Scher-
rer Institute (PSI), which is a
multi-disciplinary research cen-
ter for natural sciences and
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The 18th Professor Vilho Vaisala Award at WMO awarded to 

Three Scientists of 
the Paul Scherrer Institute

The winners of the 18th Professor Vilho Vaisala Award at WMO are
three scientists of the Paul Scherrer Institute, Switzerland, for their
paper entitled “Hygroscopicity of Aerosol Particles at Low Tempera-
tures. New Low-Temperature H-TDMA Instrument: Setup and First
Applications”. The award ceremony was held in October, 2003 at the
WMO headquarters in Geneva. Prof. G. O. P. Obasi, Secretary-General
of the WMO, presented the award to Dr. Urs Baltensperger, 
Dr. Martin Gysel and Dr. Ernest Weingartner.



technology, and the largest na-
tional research institute in
Switzerland.

Aerosols essential in 
radiation balance
Atmospheric aerosols are impor-
tant for air quality, acid deposi-
tion, visibility reduction, and
the formation of clouds and pre-
cipitation. Moreover, they may
also affect the earth’s climate, di-
rectly through the absorption
and reflection of incoming solar
radiation and indirectly through
the modification of cloud prop-
erties. The indirect aerosol effect
is the process that represents the
largest source of uncertainty in
climate forcing, as outlined in
the Third Assessment Report of
the Intergovernmental Panel on
Climate Change (IPCC) in
2001. While the positive climate
forcing of greenhouse gases can
be estimated quite well, more in-
formation and methods are
needed to understand the com-
plex aerosol-cloud-climate sys-
tem that causes negative forcing. 

Hygroscopic properties
of aerosols are crucial
The hygroscopic water uptake of
atmospheric particles is of par-
ticular importance for their di-
rect and indirect climate effects,
mainly because of increased par-
ticle sizes under high relative hu-
midity conditions. Light scatter-
ing, one of the most relevant
quantities for the direct aerosol
effect, depends strongly on parti-
cle size. Hygroscopic particles
act more readily as cloud con-
densation nuclei, and are there-
fore important for the indirect
aerosol effect.

The effect of RH on aerosols
can be measured with a number
of instruments, of which the H-
DTMA method has mostly been
used in the boundary layer.
Since the aerosols’ indirect effect
occurs mainly in the middle and

upper troposphere, hygroscopic
properties must be measured at
ambient temperatures in order
to prevent artifacts caused by the
volatilization of semivolatile
compounds. An ideal field test
site for studies of the free tropos-
pheric aerosol is the high-alpine
research station Jungfraujoch,
where an extensive series of field
measurements was performed.
The new low-temperature H-TD-
MA enabled the hygroscopicity
measurements to be conducted
at ambient temperatures for the
first time. Beside discussing and
analyzing these field measure-
ments, the paper discusses the
hygroscopic properties of labor-
atory-generated particles and
compares observed behavior

with the theory. 

Designed to encourage
research programs
To date, there have been 43 sci-
entists from 9 countries who
have received the Professor Vil-
ho Vaisala Award. This is the
third time that Swiss scientists
have received the award. 

The Professor Vilho Vaisala
Award was established in 1985
and is administrated by the
World Meteorological Organiza-
tion (WMO). It is awarded to
encourage and stimulate interest
in important research supportive
of WMO’s programs, in the
field of meteorological and cli-
matic observation methods and
instruments. �
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The 18th Professor Vilho Vaisala Award was
presented to Dr. Urs Baltensperger, Dr. Martin
Gysel and Dr. Ernest Weingartner at the WMO
headquarters in Geneva by the WMO General
Secretary G. O. P. Obasi. Attendees of the ceremony,
from left: Hong Yan, Assistant Secretary-General,
WMO, Michel Jarraud, Deputy Secretary-General,
WMO, Prof. G.O.P Obasi, Secretary-General, 
Dr. Ernest Weingartner, Prof. Ralph Eichler,
Director, PSI, Dr. Martin Gysel, PSI, Mr. Daniel
K. Keuerleber-Burk, Permanent Representative of
Switzerland to WMO,  Dr. Urs Baltenspensperger
and Mr. Pekka Ketonen, President and CEO,
Vaisala.

Prof. G. O. P. Obasi, Secretary-
General of the WMO, and Mr. Pekka
Ketonen presented the award to Dr.
Urs Baltensperger, Dr. Martin Gysel
and Dr. Ernest Weingartner.



I nternational Lightning De-
tection Conference ILDC
presenters and attendees

share a common passion for un-
derstanding lightning and how it
affects the world we live in. Pro-
fessionals in the fields of aero-
space, atmospheric research, avi-
ation, data center management,
emergency response manage-
ment, electrical engineering,
electric power, explosive and
ordnance management, forestry,
golf and recreation, lightning re-
search, meteorology, mining,
telecommunications and weath-
er media are all invited. 

Conference venue
The ILDC 2004 will be the first
ILDC held in Europe. Helsinki
offers beautiful Baltic summers
and centuries of history and cul-

ture influenced by the East and
the West. 

The conference will be held
at the Scandic Hotel Grand Ma-
rina and Marina Congress Cen-
ter. The venue is centrally locat-
ed, overlooking the harbor and
close to Uspenski Cathedral, the
Presidential Palace, the market
place, Senate Square, and down-
town shopping and restaurants. 

Papers and 
presentations
Papers and presentations at ILDC
2004 will discuss all aspects of
lightning detection and lightning
data applications, with a special
focus on how lightning data can
be or is currently being used to
address real-world challenges. 

ILDC 2004 will focus on re-
search, emerging trends, and

case studies that contribute to a
deeper understanding of light-
ning information, used alone or
integrated with other data sets,
in these areas: 

- Meteorological correlations
- Hydrometeorological 

applications
- Forecasting and nowcasting
- Land and forestry 

management
- Aviation management
- Asset and facility protection
- Telecommunications 

performance
- Forensic analysis and 

damage investigation

Abstracts of the papers have
been assessed and acceptance
notification for conference pa-
pers will begin on January 5,
2004. Final papers to be printed

in the conference preprint mate-
rials are due March 26, 2004. 

In addition to conference pa-
pers and presentations, a Vaisala
Thunderstorm Technology Ex-
hibit will be arranged, which con-
ference attendees are welcome to
visit during breaks. After ILDC
2004, the European Lightning
Detection Workshop (ELDW)
and European Cooperation
Lightning Detection (EUCLID)
are scheduled to be held on 10-11
June 2004 at the same venue. 

Information on-line
For details on the schedule and
on presentations, please visit
www.vaisala.com/ILDC2004,
where you can also register on-
line. Travel and accommodation
information is also available at
the same address. �
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New understanding of the relationships and impacts of lightning 

Welcome to ILDC 2004 in Helsinki
Vaisala invites you to attend the 18th International Lightning Detection Conference to be
held 7-9 June 2004 in Helsinki, Finland. This biannual conference provides a unique and
important forum for presentations and discussion related to education, research, and ap-
plications development in lightning detection technologies. The theme of the confer-
ence is “New understanding of the relationships and impacts of lightning: Improving re-
al-world applications with advances in detection, research, and data integration”.

ILDC 2004 will focus on
research, emerging trends, and
case studies that contribute to a
deeper understanding of lightning
information.
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