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The goal of the Fronts
and Atlantic Storm
Tra cks Experiment
(FASTE X) is to
improve weather
observations and
forecasting at sea. The
n ew l y - d ev e l o p e d
NC AR GPS
Dropsonde, the
Vaisala RD93, was
used for the FASTE X
s o u n d i n g s.

Neste’s ha r bo rs in
southern Finland
use Va i s a l a
m o n i t o r i n g
s ystems to help
improve the safety

and economy of shipping. The system includes a
MILOS 500 weather station and an FD 12
visibility sensor, as well as water level and
conductivity sensors.

The Da n i s h
Me t e o r o l o g i c a l
Institute (DMI)
c e l e b rated its 12 5 t h
a n n i v e rsary in

19 97. Co o p e ration with Vaisala began in
19 3 6. Since then, the DMI has prepared nearly
200,000 weather forecasts using Va i s a l a
e q u i p m e n t.
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s a radiosonde manu-
facturer for more
than half a century,
we have marke d

m a ny milestones. Professor
Vilho Väisälä made his first
successful radiosounding 66
years ago, and this September,
Va i sala produced its five mil-
lionth radiosonde. Measured
in today’s demand, five mil-
lion radiosondes would be
enough for at least six years of
global soundings. This is an
impressive figure and a source
of great pride for us. At the
m o m e n t, Va i sala’s history -
m a king radiosonde, a GPS
sonde, is on my desk. Soon it
will be on display in the
Va i sala showroom.

During the same month
that we manufactured the five
millionth radiosonde, the
O m e ga n a v i gation network
was phased out. By early
O c t o b e r, hundreds of sound-
ing stations throughout the
world had switched to GPS-
based wind finding and GPS
r a d i o s o n d e s. In regions where
coverage is available, Loran-C
windfinding was also adopted.

President’s Column■ ■  ■  ■  ■ ■ 

Despite some initial concern,
the changeover has been very
s m o o t h.

S u rface wind measurement is
one of the most import a n t
weather observ a t i o n s. Wi n d
has an effect on many aspects
of our daily lives, and wind
o b s e rvations are critical, of
course, for meteorological ap-
p l i c a t i o n s. Va i sala was the first
to introduce wind display with
circular presentation for wind
data with the mean value wind
measurement integrated into
the electronic display. Air traf-
fic controllers, in part i c u l a r,
have appreciated this easy-t o -
read wind instrument. Now we
have developed a new-g e n e r a-
tion series of wind displays.
These products cover various
applications and needs, includ-
ing comprehensive wind sys-
t e m s. Using the latest compo-
nent tech n o l o g y, we have made
the display even easier to read.
This equipment is also more
compact and convenient to use.

As the articles in this Va i sa l a
News demonstrate, the applica-
tions of weather observ a t i o n s
cover the full range, from float-

Marking Milestones

A
ing launch platforms to cloud
generated music. These are two
extremes on the scale, with
weather representing an obsta-
cle for one and an opport u n i t y
for the other. In some cases,
the conditions can pose a real
t h r e a t. In others, weather ob-
s e rvations are just ‘nice to kn o w ’.
It might seem that such vary i n g
demands and conditions would
require many different types of
measurement instruments. Th i s
is not the case. Because today’s
products are flexible, program-
mable and designed for ex-
treme conditions, they are also
v e r satile enough to handle
these wide-ranging applications.
Whatever the need, Va i sa l a
products offer a solution. No t
e v e n the sky’s the limit. Only
the ima g i n a t i o n.

Pe kka Ketonen
President and CEO
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Va i sala’s WIND30 is
a flexible display unit

that can be tailored
for a wide range of

demanding applica-
t i o n s. Easy installa-

tion and mainte-
nance are two more

advantages of this
new wind display.

Tapani Ti u sa n e n, Ph.D. (P hy s. )
Product Manager
S u rface Weather Division
Va i sala Oy, Finland

WIND 3 0 Multi c h ann e l
Wi n d D i s p l a y C overs
Wid e -R anging
Applicat i o n s

      

      

      

            
     

     

         

     

      

      

     

Figure 1. Various wind

s e n s o rs and wind

t ra n s m i t t e rs can be

connected to the display.

An RS485 serial line is

typically used to

communicate with

intelligent dev i c e s,

including other displays,

data loggers and PCs.

Figure 2. The averaging multichannel wind

measurement system over a long distance shows an

installation where two wind sites are connected to

the display cha i n. WAT 12 analog wind

t ra n s m i t t e rs are used to sample the wind sensors

and send current loop signals to the display.

Figure 3. Mu l t i channel wind measurement with

other basic pa ra m e t e rs such as tempera t u r e ,

h u m i d i t y, pressure, etc. All the different variables

are connected to the QLC50 data logger, which is

configured to send data via an RS485 to the office.

The whole system is supplied with a local power

unit such as a WHP25 outdoor mains power

s u p p l y. The WIND30 display presents real-time

wind data from all four (4) sensor pa i rs, and the

PC is used to further process and print the results.
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a i sala’s WIND 3 0
M u l t i channel Wi n d
Display is a more ad-
vanced version of the

basic W IND20 model. The unit
is designed for applications
requiring wind data for every-
day operations. Examples in-
clude forec a s t i n g, harbor opera-
tions and industrial applica-
t i o n s.

C l ear wind speed
p r e s e n t a t i o n

The display produces a numeri-
cal presentation of wind speed –
plus maximum and minimum
values – in a 3-digit 7-s e g m e n t
L ED field. The wind direction
and variance are presented with
two separate concentric LED
c i r c l e s, with wind direction rep-
resented by the inner circle and
variation by the outer. Primary

and secondary values are differ-
entiated with two colors; high
intensity red LEDs are used for
wind speed and direction, while
yellow LEDs are used for speed
extremes and direction vari-
ance. Automatic brightness con-
trol and a matt-finished front
panel filter offer good contrast
and readability in various light
c o n d i t i o n s.

Operators use a rotating
s w i t ch and a 3-state push but-
ton to select between different
wind measurement sites and op-
erating modes: instantaneous, 2
minute, 10 minute averaging.
The unit also supports alarm
p r o c e s s i n g, manual intensity
control and self testing.

Easy servicing

The WIND30 display has the
same housing design and face

The serial interface is basical-
ly an RS485 serial line that sup-
p o rts both half and full duplex
c o m m u n i c a t i o n s. It also serv e s
as an NMEA compatible opto-
isolated serial interface or an
RS232 port. The fixed opto-i s o-
lated RS485 is typically used as
a service line or to chain several
d i s p l a y s. This makes it easy to
display wind data at several dif-
ferent locations simultaneously.

An optional communication
module such as the DM X 5 01
modem allows data reception
from several remote measure-
ment sites.

Tailoring the unit for
s p ecific needs

The user interface, calculations,
I/O devices and telecommuni-
cation modes are configured via
a serial line using a PC terminal
p r o g r a m. The software has a
simple ASCII command inter-
face for changing configura-
tions either one command at a
time or by downloading a com-
plete configuration file to the
d i s p l a y.

Selectable speed units include
m / s, kt, km/h and miles/h.
Wind speed is presented as an
integer or decimal value. If de-
s i r e d, the automatic brightness
control feature can be disa b l e d.

Some data processing occurs
before the wind data is present-
ed on the display. This includes
magnetic deviation correction,
speed alarm settings, time out
for correct data, etc. All of these
settings can be independently
specified for each of the four
display ch a n n e l s. Using sensor
ID s, the data can be displayed
on any ch a n n e l.

When sensors such as the
WAA 151, WAV 151 or WMS 3 01/
302 are connected directly to
the display, the processor opti-
mizes the sampling and data
p r o c e s s i n g. If current loop sig-
nals are used, current scales and
the corresponding data scales
are freely selectable. So almost
a ny current or voltage transmit-
ter can be used with the display.

The innovative serial inter-
face, an RS485 that support s
both half and full duplex com-
m u n i c a t i o n s, also functions as
an NMEA compatible opto-i s o-
lated serial interface or as an
RS232 port. Standard commu-
nication parameters such as
baud rate, data bits, stop bits

Figure 5. The

WIND30 Mu l t i-

channel Wind Display

produces a numerical

presentation of wind

speed – plus maximum

and minimum values –

in a 3-digit 7- s e g m e n t

L ED field.

size (144 x 144 mm) as the
W IND20. The compact body
can also be mounted to 115 x
133 mm panel openings. Th e
unit comes with a stand, which
can be used to mount the dis-
play on a wall or ceiling. Th e
W IND30 has been designed
for easy servicing even after the
unit has been mounted on a
p a n e l. The entire display can be
dissembled from behind, and
the electronics and connectors,
as well as the communication
module and jumpers, are also
accessible from the rear.

Versatile eq u i p m e n t
c o n f i g u r a t i o n s

The display can be used with
several types of sensors, trans-
mitters and data loggers (see
F i gure 1) .

Va i sala digital wind sensors –
WAA 151 and WAV 151 – can be
connected directly to the digi-
tal input of the display, and com-
bined wind sensors (W MS s) can
be integrated with the analog
i n p u t s. The WIND30 and its
100 Ω internal shunt resistors
can even process current loop
signals – from a WAT 12 Analog
Wind Tr a n s m i t t e r, for example.

V
Figure 4. The  WIND  team from

the right: Kai In ha, Ta pa n i

Ti u s a n e n, Ari Hyväoja, Ma r t t i

Ka r j a n m a a, Anu Räisänen, Pe k k a

P u u ra, Mauri Vilpponen, Ma t t i

Ta m m i v i r t a, Seppo Vuohtoniemi,

Vesa Nu o t i o, Elina Ahde and

Ta pani Lammi.  Marja Asikainen

is missing in the picture.
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DMX501 module communicates
over long distances

The DM X 5 01 communication module is a miniature modem
for long-distance fixed line communications. It is designed for
instruments with a Va i sala communication module slot. Th e
DM X 5 01 contains a US A RT and a modem chip that is capable
of V. 21/ V. 2 2 / V. 2 3 / V. 21bis (i.e. from 300 to 2400 bit/sec) com-
munication modes.

This modem module is capable of operating in extreme env i-
ronmental conditions while consuming very little power – a
combination that is not available from any other manufacturer.

The DM X 5 01 communication module.

and parity can be specified
independently for each of the
logical communication port s.

For compatibility reasons,
the 1.0 version of the program
only supports the basic mes-
sages commonly used with Va i-
sala wind systems.

A veraging wind systems

The WIND30 display is a basic
instrument that connects wind
s e n s o r s / t r a n s m i t t e r s, processes
and displays data, and finally
distributes it via an RS485, mo-
dem line. The multipurpose I/O
is supported by configurable
software for different types of in-
stallations and data processing
n e e d s.

Figure 2 shows an installation
where two wind sites are con-
nected to the display ch a i n.
WAT 12 analog wind transmitters
are used to sample the wind sen-
sors and send current loop sig-

nals to the display. A local power
supply is required at the base of
the mast if the distance between
the wind mast and display is a
kilometer or more, or if shaft
heating is used for the sensors.

Longer distances of 10 km or
more require an advanced trans-
mitter like the WAT 15 instead
of a WAT 12. In this case, the
W IND30 must be equipped
with a DM X 5 01 modem com-
munication module. Although
the display automatically recog-
nizes the module, some basic
communication parameters can
be defined to optimize the
o p e r a t i o n. A local power supply
s u ch as the WHP151 is needed
for WAT 15 wind transmitters.
The office equipment consists
of two wind displays, with the
first transmitting raw wind data
via the RS485 line to the sec-
o n d. Both of the displays carry
out independent data process-
ing and presentation.

Behind the basic
appearance of the

W IND20 lies a
highly advanced dis-
play unit. The flexi-
bility and versa t i l i t y
of this display make

it an excellent
choice for applied

m e t e o r o l o g y.

a i sala’s single ch a n-
nel WIND20 display
is an economic solu-
tion for displaying in-

stant short averaged values of
wind speed and direction. When
used with Va i sala sensors, it is a
reliable, easy-t o -use wind system.

Flexibility plus ve r s a t i l i t y

With its many advanced fea-
t u r e s, the WIND20 display is
flexible enough to meet most
wind measurement and display
n e e d s. Wind speed units (m/s,
k m / h, kt, mph), for example, as
well as alarms, magnetic devia-
tion correction and averaging
time can all be tailored using a
terminal or PC connected to
the display’s service interf a c e .

An I/O with 20 terminals sup-
p o rts both analog and digital
s e n s o r s / t r a n s m i t t e r s, while a 3.5
V DC reference output provides
a stable reference for analog
sensors such as potentiometer-
based wind direction sensors.
P u l s e / f r e q u e n cy input is t y p i-
cally used with digital anemo-
m e t e r s, and a wind speed alarm
triggers a 120 mA relay drive.

Tapani Ti u sa n e n, Ph. D . (P hy s. )
Product Manager
S u rface Weather Division
Va i sala Oy, Finland

Simple and effective:

W IND20 Display  for 

The WIND20 Display is an economic solution for

displaying instant short averaged values of wind

speed and direction.

■

V
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The multipurpose serial inter-
face, which supports both
RS485 or NME A -c o m p a t i b l e
o p t o -isolated serial lines, can be
used to link additional displays
at different locations. If the dis-
play is located within a few
meters of the PC, the data can
be sent directly to the PC via an
RS232 interface for further pro-
cessing or arch i v i n g.

When used with Va i sala sen-
s o r s, the WIND20 typically con-
sumes 5 W of 10 . 5 – 15.5 VDC ,
so an economic wall adapter is
often enough to supply the dis-
play and sensors/transmitters. A
local supply is needed, however,
if the site is located several ki l o-
meters from the display or if
sensor heating is used. The unit
complies with the EMC direc-
tive (89/336/EEC) and is sup-
plied with a CE label.

E a s y - t o - r ea d, 
ea s y - t o - u s e

Wind speed is presented digital-
ly in a 3-digit 7-segment LED
f i e l d. The wind direction and
variation are displayed on a dis-
tinct analog LED circle, and the
selected speed unit is clearly

i n d i c a t e d. The information is
shown in conspicuous red and
yellow LED s.

A light sensor responds to
ambient light conditions, auto-
matically controlling the bright-
ness of the display. The front
panel filter is matt-f i n i s h e d, so
it has good optical qualities.
These features offer good con-
trast and make the display easy
to read in various light condi-
t i o n s.

The user interface has been
designed for ease of operation.
The unit has just one push but-
ton for manual brightness con-
t r o l, quick ch e ck and reset func-
t i o n s. A separate alarm indica-
tor is triggered when wind speed
exceeds the specified limit.

Various mounting
o p t i o n s

The face size of the WIND20 is
144 x 144 mm (138 x 138 mm
body), which  complies with
DIN panel standards. Th a n ks
to its special slim line body de-
s i g n, the unit can even be mount-
ed to 115 x 133 mm (height x
w i d t h) panel frames and open-
i n g s. The stand included in the

ay  for Applied Meteoro l o g y
d e l i v e ry can be used to attach
the display to the wall, ceiling
or a table.

Examples of single
channel wind systems

With the versatile I/O, various
types of sensors or transmitters
can be connected to the display.
Figures 1, 2 and 3 illustrate sev-
eral possible options. 

In Figure 1, for example, a
WAA 151 digital anemometer is
connected directly to the dis-
p l a y. Only three wires (with a
s h i e l d) are needed. The frequen-
cy output from the sensor is
connected to the SPEED input
of the WIND20 display. Th e
power for the sensor can also be
supplied via the display’s paral-
lel supply terminals. The entire
system can be operated using
the same power supply; the
power consumption of the sen-
sor is negligible, however, so a
small 12 VDC wall adapter is
often enough to supply the en-
tire system.

Figure 2 shows an economic
solution for measuring both
wind speed and direction. A
combined wind sensor has been

connected directly to the dis-
p l a y. This system consumes
just a few watts of power and
can be supplied with a low-c o s t
power unit.

The data can also be logged
or processed with a PC, by simp-
ly connecting the display’s se-
rial line to the PC’s RS232 port.
The display also functions as a
digital wind transmitter (analog
to serial) between the sensor
and the PC.

In Figure 3, WAA 151 and
WAV 151 digital wind sensors
are connected to the WAT 12
analog wind transmitter, which
is used to send two current
loop signals to the display. Th e
WAT 12 supports a range of
current scales. To achieve the
best accuracy, however, 0–20
mA or 4–20 mA scales are rec-
o m m e n d e d. The display itself
s u p p o rts any scale, so it is a
flexible current/voltage meas-
uring device. In this example, a
commercial analog recorder
has been added to the system
to plot instant wind data on
p a p e r. Another display is
l i n ked to the system to show
wind data at a different loca-
t i o n. The data is transferred
between the display via an
RS485 serial line. A WHP151
outdoor mains power supply at
the base of the mast is needed
for shaft heating of the sensors
and for transmissions covering
a distance of several ki l o m e t e r s.

Figure 1. Wind speed

measurement; a WAA 151

digital anemometer is connected

directly to the display.

Figure 2. An  economic solution

for measuring both wind speed

and direction. A combined

wind sensor has been connected

directly to the display.

Figure 3. Wind measurement at

long distance: WAA 151 and

WAV 151 digital wind sensors

are connected to the WAT 12

analog wind tra n s m i t t e r, which

is used to send two current loop

signals to the display.

■
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The Glosholm Coast
Guard Station is locat-
ed on Pe l l i n ki Island
off the southern coast
of Finland. The operat-
ing area of the station
covers Finnish waters
in the Gulf of Finland.
To improve the sta-
tion’s weather moni-
toring capability, a n e w
Va i sala wind meas-
urement system was
installed early last
s u m m e r.

A new Vaisala wind measurement

s ystem was installed at the Glosholm

Coast Guard Station’s watchtower in

early summer 19 97.

Petteri Leskinen inside the Glosholm

w a t ch t o w e r.

Wind System 
U p g rade 

at the Glosholm 
Coast Guard Sta t i o n

Wind System 
U p g rade 

at the Glosholm 
Coast Guard Sta t i o n
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From the left: Ta pani Tiusanen and Markku Sinkkonen (both from Va i s a l a ) ,

Jorma Rytkölä and Mauri Markkula (both from the station) at Glosholm.

The WMS 3 01 and
W MS302 are compact
and durable wind sen-

sors for applications
where low power con-

sumption is import a n t.
Combined with

Va i sala WIND dis-
p l a y s, they are a low-
cost wind system that
is also easy to install

and maintain.

a i sala’s WMS 3 01 and
W MS302 sensors com-
bine wind speed and
wind direction sen-

sors in one unit (Figure 2). Th e
rotating cup anemometer on
top of the unit provides isotrop-
ic and linear response to wind
s p e e d. Fast response to wind
direction is provided by the
vane attached to the body of
the unit.

These sensors were developed
to broaden Va i sala’s wind sen-
sor product range, especially for
segments and applications re-
quiring low power consumption.

Durable and rugged
s t r u c t u r e

The wind sensor core, which is
made of anodized aluminum,
provides a watertight enclosure
for the electronics. The cup
wheel and the vane are made of
rigid and durable plastic. Th e
result is a highly durable unit
that is suitable for various env i-
ronmental conditions. 

The cup wheel shape, dimen-
sions and materials have been
carefully selected. In fact, the
same cups are used in Va i sa l a ’ s
well proven meteorological
o p t o -electronic anemometers.
The conical cups provide linear
response between wind speed
and the angular velocity of the
cup wheel. The PA plastic used
for the cups is reinforced with
carbon fiber, ensuring the rigid-
ity of the structure even when

Ve sa Nuotio, M. S c. (E n g. )
Project Manager
S u rface Weather Division
Va i sala Oy, Finland

For low-power applications:

W MS 3 01/ 3 0 2
Combined Wi n d
Se n s o r s

he main responsibil-
ities of the Glosholm
Coast Guard Station
are to monitor sea

traffic and protect Finland’s ter-
ritorial waters. Rescue opera-
tions and sea patrols are also
p a rt of their work. 

The Glosholm station has ten
employees, three or four of
whom are always on duty. Coast
Guard officers work one week
on – 24 hours a day – and one
week off. When Va i sala Ne w s
v i s i t e d, Mauri Markku l a, Pe t t e r i
Leskinen and Jorma Rytkölä
were on duty. All three have
long experience in the Coast
G u a r d.

A new Va i sala wind system,
including a WIND20 display,
has been installed at the station.
According to the officers, the
system is operating well, and
they have been satisfied with it.
“Accurate wind values are very
i m p o rtant for determining wave
heights in stormy seas, for in-
stance, and for carrying out res-
cue operations,” explains Pe t t e r i
L e s ki n e n.

Accurate ea s y - t o - u s e
wind display

As part of the recent wind system
upgrade, a Va i sala WIND20 dis-
play for applied meteorology, a
WAA 151 anemometer, a WAV 151
wind vane and a WA C 151 cross
arm were installed on the station’s
3 0 -meter high watch t o w e r. Th e r e
is a duty officer in the watch t o w-

er 24 hours a day. He uses the
weather radar and other instru-
ments for weather monitoring.

The WIND20 display, the
basic unit of the wind system,
has flexible features to meet the
station’s diverse measurement
n e e d s. It is an economic and
c o nvenient solution for display-
ing instant wind speed and
direction values. Wind speed is
presented digitally in a 3-digit 7-
segment LED field. Wind direc-
tion and variation are displayed
with a clear analog LED circle.
“ The bright display is easier to
r e a d, especially at night,” sa y s
Jorma Rytkölä, who also appre-
ciates the instant readings of
wind speed and direction.

Wind measurements help en-
hance boating safety in coastal
waters and at sea. “We are still
in the early stages, but so far I
have been very pleased with
Va i sala’s new wind display,” com-
ments Mauri Markku l a.

T

■

V
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exposed to extremely high wind
s p e e d s.

The anemometer ball bearing
assembly comprises a cup wheel
s h a f t, a pair of low-friction ball
bearings and a shaft fixed mag-
n e t. The reed relay and elec-
tronics in the sensor body con-
v e rt the cup wheel rotation to
p u l s e s. So the sensor electronics
can be connected to virt u a l l y
a ny data logger, either by count-
ing the number of closures
within a fixed time period or by
measuring the time between
successive pulses. The sensing
elements are located inside a
w a t e rtight compart m e n t, pro-
viding full protection for the
sensor electronics against water,
dust and pollutants.

The balanced wind vane is
integrated underneath the cup
wheel in the unit housing. Th e
circular tail is located far enough
from the body and cup wheel to
avoid the turbulence caused by
these structures. Made of PA
plastic reinforced with fiber-
g l a s s, the vane is a durable and
lightweight structure offering
fast response and low inert i a.

The angle of the vane is
detected using an axial symmet-
ric rotating potentiometer. Th i s
potentiometer features low start-
ing and running torque, a linear
a r c -t o -resistance transfer ratio,
and long operating life. With a
constant voltage applied to the
p o t e n t i o m e t e r, the output volt-
age is directly proportional to
the azimuth angle.

Choice of one or two
s l i d e - t y p e
p o t e n t i o m e t e r s

The type of potentiometer used
is the only difference between
the two wind sensor models.
The WMS 3 01 is equipped with
a one wiper-type potentiometer
with an open gap of less than 5
d e g r e e s. This type of sensors
have been available for many
y e a r s, so adopting the WMS 3 01
requires minimal work from
system suppliers. To overcome
the gap continuity problem, the
W MS302, which is typically
used with Va i sala systems, has
two wiper-type potentiometers.
For this reason, the transmitter,

data logger or other processing
unit requires a more complex
v o l t a g e -t o -direction conv e r s i o n
a l g o r i t h m.

Simple installation, 
easy maintenance

Simple installation was a high
priority in the design of the
W MS 3 01 and WMS302. Th e
sensor is supplied with a 30 mm
m a s t -top mounting adapter, a
sleeve with a screw joint at the
b o d y, and an industry standard
5 -pin connector at the bottom
of the unit. After attaching the
adapter at the top of the mast
and guiding the cable and con-
nector through the tube, the
installation of the sensor is
q u i ck and easy. In fact, it can be
mounted and dismounted with-
out any tools.

After several years of use,
m e chanical sensors with ball
bearings typically require ser-
vice. Th a n ks to the intelligent
design of these wind sensors,
bearing service is easy and trou-
blefree. The anemometer bear-
ings assembly can be replaced
using a simple open-end wrench.
Changing the vane bearings
t a kes just a few more minutes.

W MS sensors combined with
Va i sala WIND displays are a
c o s t -effective solution for many
a p p l i c a t i o n s, including serial
output for sharing information
between additional displays or
P C s. The basic single ch a n n e l
wind system comprises a WIND
d i s p l a y, WMS sensor, cable and
power supply, as illustrated in
Figure 1.

Figure 2. Vaisala’s compact WMS 3 01 and WMS302 wind sensors

combine a wind speed and wind direction sensor in one unit.

Figure 1. A complete low-cost wind sys t e m.

■
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Ev e rybody talks about
w e a t h e r, but the pro-

fessionals at the
Danish Meteorological

Institute (DMI) do
something about it.

Drawing on their
extensive resources,

DMI analyzes weather
information and pre-

pares accurate fore-
c a s t s, contributing to
the safety and econo-
my of many activities

on land and sea. Since
1936, the Institute has

prepared about
200,000 weather fore-

casts using Va i sa l a
e q u i p m e n t.

o d a y, the Danish Me-
t eorological Institute
(DMI) is the nerv e
center of the kn o w-

how and databases of the Me-
teorological Institute, the Aero-
nautical Meteorological Serv i c e
for civil aviation, and the
Danish Defence Weather Serv i c e .
DMI is organized into four
d e p a rtments: Forecasting Ser-
v i c e s, Research and Devel-
o p m e n t, Observ a t i o n, and Data
P r o c e s s i n g. The central admin-
istration is the responsibility of
the Secretariat, which along
with the office of the Director-
G e n e r a l, Mr. Lars Prahm, Dr.
S c., handles general administra-
t i o n.

The Meteorological Institute
was founded in 1872 and cel-
ebrated its 125th anniversa ry in
19 97. The cooperation between
DMI and Va i sala began in 19 3 6 ,
the year that Va i sala was estab-
l i s h e d.

O verview of 
DMI activities

With its staff of about 400,
DMI operates under the Minis-
t ry of Tr a n s p o rt. The Institute is
responsible for the meteorol o g i-
c a l, climatological and ocean-
ographic surveillance of Den-
m a r k, Greenland, the Faroe Is-

l a n d s, and the surrounding
waters and air space. This repre-
sents a large geographic area,
m a ny regions of which are not
easily accessible.

Based at the Narsa r s u a q
A i rf i e l d, DMI’s Ice Observ a-
tion and Warning Service, for
example, makes a major contri-
bution to the safety of shipping
in Greenland’s waters. The Ser-
vice provides ice observ a t i o n
and piloting information for
s h i p s. The Aviation We a t h e r
S e rvice, which is also part of
DMI’s orga n i z a t i o n, helps im-
prove air traffic safety and econo-
my. At the Copenhagen Airport
alone, 80,000 flight crews rely
on their meteorological infor-
mation every year.

Marit Finne
E d i t o r -i n -C h i e f
Va i sala Ne w s
Va i sala Oy, Finland

DMI Provides Al l -R o u n d
Weather Observa t i o n

and Fo recasting Se r v i c e
in Denmark 

T
Mr. Lars Pra h m,

DMI’s Director-

Ge n e ra l.
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to maximize the return on tax-
payer money, in this case by
optimizing our weather ob-
s e rv a t i o n s,” comments Mr.
H e d e ga a r d.

E x t e n s i ve softwa r e
expertise 

The Observation Depart m e n t
has technical facilities for de-
v e l o p i n g, testing and preparing
o b s e rvation instruments. On
the software side, the depart-
ment has advanced expertise in
data communication and digi-
tal image processing. The latest
computerized technology has
been adopted at DMI.

Carsten Paludan-M ü l l e r, M. S c.
(E n g.), and Software Engineer
Klavs Allerslev Je n s e n, both
from the Te chnical Division of
the Observation Depart m e n t,
are software experts at DMI.
Va i sala’s MILOS500 weather
stations have been one of their

latest projects. Mr. Paludan-
Müller has worked at DMI for
about one and a half years. Mr.
Jensen joined the Institute staff
in 1976, so he has many years
of experience in the field and
with Va i sala products.

As Mr. Jensen notes, good
quality and first-rate documen-
tation are very important for
meteorological systems. Mr.
P a l u d a n -Müller adds: “When I
need technical support or ad-
vice about Va i sala’s products, I
just give them a call. ”

J a egersborg sounding
station opts for Va i s a l a
eq u i p m e n t

The Observation Depart m e n t
is responsible for operating
DMI’s observation stations. 

M r. Torben Rye Nielsen,
Chief of the Jaegersborg sound-
ing station near Copenhagen,
explains: “Our staff comprises

Upper air stations 
turn 50

DMI has a comparatively large
network of sounding stations
for a country the size of Den-
m a r k. There are five stations in
G r e e n l a n d, one in the Faroe
I s l a n d s, one in Denmark, and
two on ASAP ships. The Insti-
tute has always worked actively
with the ASAP (Automated
Shipboard Aerological Pro-
gramme), reflecting their belief
that this cost-efficient program
gives the best value for money
for upper air profiles over data-
sparse ocean areas. Denmark’ s
upper air stations are currently
celebrating their 50th anniver-
sa r i e s. The Faroes station, for
instance, turned 50 in No v e m-
ber 19 9 6 .

M r. Klaus Hedega a r d, Ph. D . ,
Deputy Director of DMI ’ s
O b s e rvation Depart m e n t, has
also been Acting Director since
J a n u a ry 1996. The Depart m e n t
has about 70 employees.

According to Mr. Hedega a r d,
his first contact with Va i sa l a
was in 1989, when he took over
responsibility for the then A e r o-
logical Depart m e n t. “DMI h a s
p u r chased Va i sala radiosondes
since 1936, with the only inter-
ruption during the Second
World Wa r. Va i sala has also de-
livered a total of 11 DigiCORA
and MARW IN ground equip-
ment units for DMI sounding
s t a t i o n s, including those in the
Faroes and Greenland,” he ex-
p l a i n s. The Aerological Depart-

ment was established in 19 3 6
and since then has provided
h i g h -quality upper air measure-
ments from Danish upper air
s t a t i o n s. In 1989, the Depart-
ment was merged with the gen-
eral Observation Depart m e n t. 

An extensive upgrade of the
Institute’s equipment is cur-
rently underw a y, including the
a u t omation of their observ a-
t i o n s. In recent years, DMI has
p u r chased a number of surf a c e
weather observation units from
Va i sa l a, including several FD 12 P
present weather sensors, CT25K
laser ceilometers, MILOS 5 0 0
weather stations, and other
measurement instruments. Th e
use of unmanned automatic
weather stations for surf a c e
weather observations is on the
increase in Denmark, as light-
houses and other manned ob-
s e rving stations are gradually
closed down or automated.
DMI’s new Cloud Coverage
A l g o r i t h m, another recent de-
l i v e ry from Va i sa l a, provides an
easy and cost-effective way to
produce more information from
ceilometer data. By processing
this data, the cloud amount
and the height of various cloud
layers can be calculated.

DMI constantly evaluates
the value for money of its inv e s t-
m e n t s. “Va i sala provides well
d o cum e n t e d, high-quality pro-
ducts which require only slight
or no additional development
at DMI before we take them
into operational use. This is an
i m p o rtant factor in our effort

The Observation Department ove r s e e s
the following operations and
eq u i p m e n t :

• 7 radiosounding stations
• 2 ASAP ships with marine sounding stations
• a wind profiler

• 50 primary synoptic stations
• aeronautical observations at 11 airport s
• 60 secondary synoptic stations
• 45 voluntary observing ships

• 450 precipitation stations
• 20 climatological stations
• 16 hydrographical stations
• 20 stations with tide ga u g e s

• 3 ground stations with satellite reception for
images and data 

• 3 weather radars
• 4 stations with lightning detection
• 3 geophysical observatories in Greenland
• Greenland Ice Patrol

The statue of the

Little Me r m a i d,

made famous by the

H. C. An d e rs e n

fairy tale, is a well-

known tourist

a t t raction in

Co p e n ha g e n.

The Ja e g e rs borg sounding station. From the left: Torben Rye Nielsen, Be n d t

N i e l s e n, Lars K. An d e rs e n, and Lutz O.R. Niegsch.
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he cost of ASAP
upper air sounding is
about 15 per cent of
the figure for an up-

per air sounding from a weather
s h i p, and equal to or less than
the cost of a land-based sound-
i n g. For this reason, the ASAP
system is an economical source
of baseline upper air data from
the oceans and a vital part of
global ocean observing systems.

The containerized ASAP sys-
tem offers important advan-
tages in today’s flexible ship-
ping env i r o n m e n t. If there is a
sudden change in shipping
r o u t e s, the unit can simply be

The Automated
Shipboard Aerological
Programme (ASAP) is
a cost-effective source

of upper air weather
data over data-s p a r s e

ocean areas. Denmark
has always been active-

ly involved in the
ASAP program.

Va i sala’s radiosondes
and ground equipment

are used in the coun-
t ry’s ASAP ships.

Tinka Ar c t i c a, one of Denmark’s ASAP observation ships.

t r a n sferred to a ship that is
more suitable for ASAP opera-
t i o n s. It has become apparent,
h o w e v e r, that the number of
ships capable of carrying such a
system is limited.

The countries with currently
deployed ASAP systems are
Denmark (2 units), France (4),
G e r m a ny (5), Spain (1), Swe-
d e n /Iceland (1), the UK (1) and
the USA (1). 

The ASAP was instituted in
its current form in the mid-
19 8 0 s. It was organized by the
ASAP Coordinating Commit-
tee (ACC) established by the
W MO Executive Council in
1985. From 19 9 4 – 19 97, Kl a u s
H e d e gaard from the Danish
Meteorological Institute was the
chairman of ACC. 

“ The quality of ASAP data is
generally very high, comparable
with the quality of data from
ocean weather ships, with aver-
age sounding heights e x c e e d i n g
20,000 gpm. Va i sala’s radioson-
des and ground equipment have
been used in Danish ASAP ships
from the beginn i n g,” comments
M r. Hedega a r d. 

The total number of ASAP
soundings has risen to about
5,000 annually. This corre-
sponds to approximately seven
ocean weather ships when based
on comparable observation 
p r o t o c o l s. From this standpoint,
ASAP plays a vital role in the
World Weather Wa t ch.

five permanent employees. We
l a u n ch one radiosonde twice a
day from Jaegersborg. On
w e e k d a y s, when more than one
person is working at the sta-
t i o n, we fill the balloons with
hy d r o g e n. For safety reasons,
we use helium when we have
only one person on duty, dur-
ing the night shift and week-
e n d s, for example.”

Lars Andersen and Bendt
Nielsen were on duty the day
that Va i sala News visited, and
Lutz O.R. Niegsch was also at
the sounding station. Mr. An-
dersen is a Software Engineer
responsible for the program-
ming software for DMI’s upper
air stations. As he explained,
Va i sala’s products have proven
to be reliable, and he has been
satisfied with them. Good qual-
ity makes all the difference when
instruments must function well
in demanding conditions. 

Lutz O.R. Niegsch, Com-
mander and Po rt Meteoro-
logical Officer (P MO), is in
charge of ship observ a t i o n s. He
s e rved in the Danish Navy
before joining DMI four years
a g o. According to Mr. Niegsch,
two MILOS500 weather sta-
tions will be installed on ships
in Copenhagen in the near
future. 

To measure upper atmos-
pheric conditions, Va i sala radio-
sondes are launched twice a
day from seven DMI sounding
s t a t i o n s. When needed, these
stations can measure the radio-
active profile of the atmos-
phere. Upper air measurements
are also made at two radiosonde
stations on board ASAP ships
travelling between Denmark and
G r e e n l a n d. 

In cooperation with research
institutes in Europe and the
United States, DMI also moni-
tors the ozone layer and meas-
ures ultraviolet radiation in
Greenland and Denmark. ■

The ASAP Coordinating Committee (ACC) in

R ey k j a v i k, Ic e l a n d, in June 19 9 6. From the left

( ba ck row): P. E. De x t e r, Switzerland; J. Mo r e n z,

USA; S. Burns, Germany; and P. J. Ko s t a m o

(invited speaker from Vaisala), Finland. Middle

row: H. Hjartars s o n, Iceland; M. Rocha s, Fra n c e ;

A. Ga r c i a -Me n d e z, UK; and F. Sigurdsson,

Ic e l a n d. Front row: S. M. No r w e l l, UK; W. H.

Ke e n a n, USA; K. Hedegaard (cha i r m a n ) ,

De n m a r k.

T

C os t-E f fe c t i ve ASAP

■
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Vilho Väisälä, the
founder of Va i sa l a,

made the first success-
ful radiosounding in

19 31. On 24
September 19 97 – 66

years later – Va i sa l a
produced its
5 , 0 0 0 , 0 0 0 t h

radiosonde. To d a y,
Va i sala is the marke t

leader in upper air
m e a s u r e m e n t s, and its

radiosondes are used
in more than 10 0

countries worldwide.

ith the production of
its 5,000,000th radio-
sonde, Va i sala reach e d
a major milestone in

S e p t e m b e r. This RS 8 0 - 15G radio-
sonde, a GPS sonde, will be ex-
hibited in the Va i sala showroom.
Radiosonde number 5,000,001,
also an RS 8 0 - 15 G, was launch e d
from Va i sala on 24 September
19 97 to commemorate the new
p r oduction record.

During its 62-year history,
Va i sala has been at the forefront
of upper air observation tech-
n o l o g y. From the start, the c o m-
p a ny has worked in close co-
operation with customers to con-
tinuously develop new meas-
urement solutions.

Recent trends in
r a d i o s o n d e
d e ve l o p m e n t

In the 1980s and 19 9 0 s, develop-
ment has focused on the need
to maintain continuous data
availability in a changing oper-
ating env i r o n m e n t. Tighter budg-
ets have had an impact on
upper air observ a t i o n s, with the
pressure to reduce operating
costs leading to greater automa-
tion of observ a t i o n s. To ensure
reliable low-cost observ a t i o n s
throughout the world, new wind
finding solutions have also been
d e v e l o p e d.

In part i c u l a r, the recent
O m e ga termination prompted a
major R&D effort and testing
program to develop alternative
wind finding methods. Before
the phase-o u t, the Va i sala RS 8 0

Ritva Siika m ä ki, M. A.
Ad v e rtising Editor
Upper Air Division
Va i sala Oy, Finland

Marit Finne
E d i t o r -i n -C h i e f
Va i sala Ne w s
Va i sala Oy, Finland

Radiosonde production: 

Five Million
and Counti n g

         
           

              

W

To commemorate the

production of the

5,000,000th ra d i o s o n d e ,

Professor Seppo Huovila,

former President of

CIMO (Commission on

Instruments and Me t h o d s

of Observations) released

radiosonde number

5 , 0 0 0 , 0 01 from the

Vaisala headquarters. Mr.

Jan Hörha m m e r, from

Vaisala Oy, in the right.
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Mr. Keijo Mesiäinen ready to launch an RS 21 radiosonde in 1973 .

radiosonde family, which offers
highly accurate results at a low
c o s t, was a popular choice for
O m e ga wind finding. Between
1972 and 19 97, Va i sala pro-
duced some 2 million Omega
r a d i o s o n d e s.

Building on this success, Va i-
sala introduced the first radio-
sondes for GPS wind finding in
1995. This new global wind f i n d-
ing solution has gained a strong
foothold since then, with furt h e r
growth expected in the post-
O m e ga era. 

Radiosondes offer accurate
and reliable measurements at a
reasonable cost. They are sure
to maintain their strong posi-
tion for a wide range of obser-
vation methods. This is a well-
established tech n o l o g y, one
that has been developed, tested
and improved over a long peri-
od of time.

P r oven quality 
and accuracy

Today’s RS80 radiosondes are
used for synoptic observ a t i o n s

at weather stations throughout
the world, and for defense and re-
s e a r ch applications. The RS 8 0
combines high accuracy and
reliability in a cost-effective in-
strument that has perf o r m e d
well in international compari-
s o n s. The RS80 product family
includes a range of wind f i n d-
ing options (including GPS) , a s
well as radioactivity and
ozonesondes and wind-o n l y
m o d e l s. The transmission fre-
quencies are in the 400.15 – 4 0 6
MHz or 16 6 8 – 1700 MHz Me-
teorological Aid Band. Both
c ry s t a l -controlled and tunable
f r e e -oscillating transmitters are
a v a i l a b l e .

C o m p a c t, lightweight and
easy to use, the RS80 radio-
sonde can be launched by just
one operator, which minimizes
sounding costs. The RS80 is also
AU TOSONDE-c o m p a t i b l e ,
allowing full automation of
upper air stations.

AWS Netwo r k
for the Moscow
C i rcle Road
Va i sala has signed a contract to supply automatic weather sta-
tions (AWS) for the Moscow Circle Road that surrounds the
city of Moscow. The road covers a distance of more than 10 0
k m.

Once the third part of the project is implemented by late
19 97, the Moscow Circle Road system will include seven Va i sa l a
road weather measuring points. Information for ice warning is
transmitted to a central station equipped with IceCast software,
and the data is also displayed on several workstations in the sys-
t e m. All measuring points have a present weather detector.

One measuring point was installed in June, during the first
phase of the project. The second phase started in September
and included the installation of three measuring points.

Konstantin Radetski (right) from the Moscow Hydrometeorological and

Environmental Monitoring Center and Leena Puhakka from Vaisala on

a visit to a road weather station site in Finland last April.

■
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As part of a unique
project in Quebec,

C a n a d a, the Va i sa l a
C T 12K ceilometer has

made its musical
d e b u t. The Keplerian
H a r p, played for the

first time at the Th i r d
Symposium for the

Visual Art s, conv e rt s
cloud height and den-
sity information into

complex orch e s t r a-
t i o n s. With its mix of
a rt, science and tech-
n o l o g y, this celestial

music has a wide
a p p e a l. In the follow-

i n g, Nicolas Reeves
r e p o rts on the devel-
opment of this new
musical instrument.

he Third Symposium
for the Visual Art s
b e gan on 6 July 19 97
in Amos, Quebec.

For the Nxi Gestatio Design
Lab from the University of
Q u e b e c, this marked the culmi-
nation of a unique project and
the introduction of our K e p-
lerian Harp, a mammoth mus i c a l
instrument that ‘plays’ the songs
of clouds in real time.

The operating principle of
the harp can be compared with
a huge reverse CD player. Wi t h
CD tech n o l o g y, a lens captures
t i ny laser beam modulations,
while a decoding system con-
v e rts them into music or sound.
With the harp, a laser beam is
projected skyw a r d s, and a tele-
scope captures the laser modu-
lations produced by the cloud
c o v e r. A MIDI musical inter-
face replaces the decoding sys-
t e m.

The harp is meant to play
night and day, with the orch e s-
tration varying according to the
time of day, the weather, and
the climatic conditions. Th e
unit consists of four caissons
that house and protect all the
e q u i p m e n t. Its morphology is
also derived from the structure
of a cloud.

Nicolas Reeves, Arch i t e c t
D i r e c t o r, NXI GES TAT IO
Design La b
D e p a rtment of Design
University of Quebec
M o n t r e a l, Canada

Keplerian Harp:

L i s t e n i n g to

T

The Keplerian Harp from the ba ck during the completion phase. The laser

beam is transmitted through the upper pipe. 
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Last-minute search 
for a ceilometer

The hardest part of the project
was to find an appropriate laser/
telescope combination. To avoid
the need for fine-tuned adjust-
ments and alignment, we decided
on an integrated system. A Cana-
dian research center promised the
loan of a powerful lidar, and the
harp was designed accordingly.
U n f o rt u n a t e l y, the lidar became
unavailable just a few weeks be-
fore the Symposium.

At this point, we started mak-
ing urgent telephone calls to lidar
manufacturers and research cen-
ters – any place that could spare a
lidar or ceilometer for a few
w e e ks. Although intrigued by
our project, no one was able to
provide a lidar at such short
notice. We spent a full week on
the phone and Internet. Finally,
we found a solution to our prob-
lem – in the form of an e-m a i l
m e ssage from Mr. Selwyn Alpert
at Va isala’s office in Wo b u r n,
M a s sa chusetts (US A) .

S p e a king for everyone at the
lab, I cannot overemphasize the
kindness and helpful attitude of
M r. Alpert, who understood
our desperate situation and ob-
tained a CT12K ceilometer for
us within just a few days.

Pe r f ect solution 
for the harp

We knew the CT12K because
our neighbour, McGill Univer-
sity in Montreal, has one in-
stalled on their roof. We were im-

pressed with the ruggedness of
this instrument, which can op-
erate year-round in Quebec’s ex-
treme weather conditions.

U n l i ke other turnkey sys-
t e m s, the CT12K is not blinded
by certain atmospheric condi-
tions such as heavy rain or hail.
This was another key factor,
since everyone was curious to
hear the music generated by a
massive thunderstorm or even a
h e a vy blizzard.

Two other features of the sys-
tem were also import a n t. Stand-
ard connections allow easy con-
f i g u r a t i o n, and the infrared
beam – a low power, pulsed
laser – is much safer to use than
a regular beam. In addition, the
output serial port provides
A SCII messa g e s, so there is no
need for an expensive data
acquisition card, and we did not
have to write a new driver.

Once the lidar was installed,
we plunged into the operation
m a n u a l, made all the connec-
tions – and the data began flow-
ing into the computer.

C o n verting clouds 
to music

We knew then that the harp
would be ready on schedule, but
there was still a lot of work to be
done. The cloud-t o -music inter-
facing software was the core of

n g to Cloud So n g s
The complete Keplerian Harp team ( from the left): Mario Tr u d e l, Catherine Lambert, Celine Bietlot,

Nicolas Reev e s, Chryso Ba s h o n g a, Bilal Jamous and Se bastien Duceppe.
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our instrument, and since the
C T 12K was different from the
system we originally planned to
use, we had to re-write parts of
our software.

The main difference was the
f r e q u e n cy of data transmission.
The CT12K delivers a messa g e
e v e ry thirty seconds, with each
m e s sage providing a maximum
of five or six ‘m u s i c -u sa b l e ’
n u m b e r s. To produce the sim-
plest kind of music, we needed
about eight thousand numbers
per minute. Ev e ry note requires
about twenty parameters, and
we wanted to be able to play up
to eight notes per second.

To solve the problem, we had
to reconstitute the cloud varia-
tions between the messa g e s. We
developed a simple fractal equa-
tion that allowed us to produce
the required amount of data
after a few minutes of scanning.
Later we learned that our art -
inspired method has already
been used by several scientists –
and that more complex equa-
tions had not proved better or
more physically realistic.

A selection of 228
i n s t r u m e n t s

The final software was designed
with a user-friendly interf a c e
allowing users to toggle be-
tween two different displays.
The cloud screen shows the
lidar information, while the
music screen displays music-
related data, with the sixteen
windows corresponding to one
channel each.

With this advanced software,
the orchestrations can be freely
saved and loaded. Five catego-
ries of cloud conditions have
been assigned: clear sky, one or
two cloud layers, partial cloud
c o v e r, complete cloud cover.
When the cloud cover ch a n g e s,
the orchestration changes auto-
m a t i c a l l y.

E a ch of the sixteen ch a n n e l s
can play one of 228 instru-
m e n t s. Many of these instru-
ments are already polyphonic,
so at times the harp sounds like
a complete orch e s t r a. The atmos-
phere can be divided in numer-
ous altitude ranges, with each
one corresponding to an instru-
mental section and mapped to a
c e rtain frequency interv a l. An
altitude of 0 to 600 feet can be
r e s e rved for the percussion, for
example; 400 to 1000 feet, for
the brass; 1000 to 1100 feet, for
the timpani; 1000 to 2000, for
the violins and cellos; and so
o n, up to maximum altitude
range of 12,500 feet. In this way,
the atmosphere becomes a huge
musical score.

The MIDI interface divides
the range of frequencies into
128 notes, from 0 to 127, sepa-
rated by half-tone interv a l s.
Noting this, we decided to asso-
ciate an altitude of 12,600 feet
with a totally obscured sky, and
an altitude of 12 ,700 feet with
clear conditions or with any
cloud cover out of the lidar
range. On this basis, we were
able to define the fundamental
harp setting, with each 10 0 -f o o t
range mapped to one half-t o n e .

Th u s, any person with a trained
ear can ‘hear’ the height of the
c l o u d.

Orchestrations for
various cloudscapes

When we first started playing
with the system, we set almost
all the music parameters – vol-
ume, duration, tempo, length
of the notes, etc. – to fixed val-
u e s. Only the note to be played
was defined by the cloud. After
we learned to recognize the
sequences produced by differ-
ent kinds of clouds, we let the
cloud control more and more
of the parameters.

We spent hours experiment-
ing with different orch e s t r a-
t i o n s, trying to find arrange-
ments particularly suited to dif-
ferent ‘cloudscapes’. Ne e d l e s s
to sa y, the experience was fasci-
n a t i n g. At one point, we had
defined a very primal and mini-
malist arrangement, simulating
three wind flutes playing in the
b a s s, baritone and tenor regis-
t e r s. A heavy thunderstorm came
u p, with lightning striking all
around us, and almost continuous
t h u n d e r. Surrounded by great
p i n e s, with low-tone rumbling
f l u t e s, under cascades of water
and a natural light show, this
was a unique and awe-i n s p i r i n g
e x p e r i e n c e .

The debut performance for
the general public triggered a
mix of responses, from incre-
dulity on the one hand to fasci-
nation on the other. Some peo-
ple just could not believe that
s u ch an instrument was pos-
sible: they looked for a hidden
tape recorder in the unit. Th e

great majority of people, how-
e v e r, appreciated this encounter
between art, science and tech-
n o l o g y, and the poetic back-
ground underlying the project.

Wide-ranging plans 
for the future

We have many plans for the
future. By installing a visible
laser beam near the lidar, we
would like to show the audi-
ence where the laser enters and
‘plays’ the cloud. We also plan
to sample noises from the env i-
r o n m e n t, allowing the harp to
play sequences that incorporate
voices from the audience. Our
final plan is to install a com-
plete Keplerian Harp at a fixed
l o c a t i o n. This harp will feature
seven long-range vertical YA G
laser beams at 20–50 meter
i n t e rv a l s. The impact of these
seven green beams is sure to be
i m p r e s s i v e .

All of these plans will require
lidar equipment, the availability
of which is uncert a i n. From the
b e g i n n i n g, we knew that imple-
menting the harp project would
require partners with uncom-
mon curiosity and an open
m i n d.

Although we are not sure
w h i ch equipment we will use in
the future, we would like to
continue with Va i sala instru-
m e n t s. Their compact size, stur-
d i n e s s, ease of use, flexibility
and overall features, as well as
the kindness of the Va i sala peo-
ple in Wo b u r n, allowed us to
complete our project on time –
to the great satisfaction of our
audience and our design team.

Nicolas Reeves talks with Montreal composer Helmut Lipsky.

The NXI GES TAT IO Design Lab is housed in the Pavilion of
Design of the University of Quebec in Montreal. Directed by
a r chitect Nicholas Reeves, the lab is dedicated to exploring the
potential of computer information in the fields of arts (visual
a rt s, media art s, literature, music), architecture and design.
A rt i s t s, students and recent graduates from many countries
have worked in the lab, for periods varying from two weeks to
one year. 

The Keplerian Harp project was conceived, designed and
managed by Nicolas Reeves. The implementation team com-
prised Celine Bietlot, architect and engineer, from Belgium;
C h ryso Bashonga, sculptor and designer, from Zaïre; Bilal
J a m o u s, programmer, from Lebanon; and Catherine La m b e rt,
Mario Trudel and Sebastien Duceppe, design students, from
C a n a d a.

■
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Even today, weather observations at
sea are far from the quality and regu-
larity of land observ a t i o n s. To
improve this situation and the reliabil-
ity of short -term forecasting, the
Fronts and Atlantic Storm Tr a cks
Experiment was established. As part of
the experiment, dropsonde soundings
were made over ordinarily unobserv e d
regions in the No rth Atlantic. Th e
n e w l y -developed NCAR GPS
Dropsonde, the Va i sala RD93, was
used for these soundings.

Te r ry Hock, El. Eng.
Project Manager
G PS Dropsonde in the Surface and
Sounding Facility
Atmospheric Te chnology Division
National Center for Atmospheric
R e s e a r ch (NCAR) 
B o u l d e r, Colorado, US A

Fronts and Atlantic

Storm Tracks Experiment

RD93 Fl i e s
with FAST EX

orecasting the development of oceanic
storms continues to be a ch a l l e n g e ,
largely because there are fewer weather
o b s e rvations at sea than over land.

During the winter of 19 9 6 – 19 97, the Fronts and
Atlantic Storm Tr a cks Experiment (FA S T EX), a
major international field program involving scien-
tists from eleven countries, NCAR and NOAA
(National Oceanic Atmospheric Ad m i n i s t r a t i o n) ,
studied the fierce winter storms that move eastward
across the Atlantic Ocean from Newfoundland to
Ireland and western Europe.

F

The new l y - d eveloped NC AR GPS

Dropsonde, the Vaisala RD93, was

used for the FASTEX  soundings.

c o n t i n u e s. . .
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Dropsonde soundings
over the North Atlantic

The principal scientists inv o l v-
ed in FA S T EX planned an
‘adaptive observation’ strategy
of dropsonde soundings over
the No rth Atlantic. During the
p r o j e c t, more than 750 RD 9 3
G PS Dropsondes were de-
ployed from NOAA’s new Gulf-
stream IV and an NCA R -l e a s e d
Lear 36 aircraft. In addition to
the dropsondes, several other in-
struments were used. These in-
cluded radiosondes and wind
profilers on research ships and
doppler radar on other aircraft
(NCAR Electra and NOAA P-
3). 

The FA S T EX project bega n
on 6 January 19 97 and ran
through February 19 97. During
this time, the G-IV, based in
S h a n n o n, Ireland, perf o r m e d
ten objective targeting missions
and seven other missions over
the No rth Atlantic, dropping a
total of 550 RD93 GPS Drop-
s o n d e s. The Lear 36, based in
S t. Jo h n, Ne w f o u n d l a n d, carried
out 13 missions in the No rt h
A t l a n t i c, dropping 214 RD 9 3
G PS Dropsondes. Both aircraft
were equipped with NCA R -
developed four-channel aircraft
data systems.

Once the aircraft were in the
targeted area, the dropsondes

w e r e generally deployed at 10 -
minute intervals at altitudes
ranging from 26,000 ft. to
40,000 ft (7, 9 2 5 – 12 ,192 m). Th e
Lear 36 typically released 17
d r o p s o n d e s, while the G-I V
released 30. In a few cases, up to
50 dropsondes were deployed
during a single mission. Wi t h
the four-channel aircraft data
s y s t e m, four dropsondes can be
in the air simultaneously, and
this proved to be a valuable
asset during FA S T EX. 

First results ve r y
p r o m i s i n g

The dropsondes were deployed
under varying atmospheric con-
d i t i o n s. This provided an exten-
sive data set for preliminary
evaluation of the overall perf o r-
mance of the dropsondes. Th e
pressure performance was out-
s t a n d i n g, as calculated using the
hydrostatic equation and inte-
grating the pressure data from
the surface to the aircraft. Th i s
was then compared with the
geopotential altitude of the air-
c r a f t. The temperature accuracy
was difficult to evaluate; how-
e v e r, 34 soundings had obvious
melting levels, which offered a
natural single point calibration
o p p o rt u n i t y. The majority of the
dropsondes were within ±0.2 ° C
and the rest within ±0.5 ° C .

The humidity data from FA S-
T EX is currently being evaluated
for overall accuracy.

The GPS winds provided
exceptional detail on the wind
f i e l d s. Since independent wind
measurements were made every
0.5 seconds, the vertical resolu-
tion was outstanding. The winds
in the boundary layer to the
s u rface were easily observ e d
with the GPS Dropsonde. Th e
G PS navigation system has sig-
nificantly improved the capabil-
ity of dropsonde wind perf o r-
mance. Even though dropson-
des have been used as meteoro-

logical instruments for almost
30 years, the new NCA R -d e v e l-
oped GPS Dropsonde takes this
measurement capability to a
new – and unprecedented – level.

Using the RD93 GPS Drop-
s o n d e s, the findings of FA S T EX
will lead to better forecasts for
the western coasts of both
Europe and No rth America, as
well as a better understanding of
how oceanic winter storms affect
world climate.

Cutaway view of a GPS Dropsonde.

Raw unfiltered FASTEX PTU and wind data from the RD93. The data is

very clean, thanks to the digital RF telemetry link with CRC error ch e ck i n g.

FASTEX GPS Dropsonde data, Lear 36, Drop No. 5, 11 January 19 97.

■

Vaisala News 146/97 Final  7.1.1998 09:59  Page 20



21146/1997

Water vapor information is essential in aviation
and atmospheric science, and the data provided
by the current 12 -hourly radiosonde network is

inadequate. In response, the FAA initiated a 
p r o ject to specify a Water Vapor Sensing System
(W V SS) that could be used to measure real-t i m e
water vapor content from commercial aircraft.

The system ensuing from this project uses
Va i sala’s HMM30D module, and the first WVSS
unit has been working on a Boeing 757 for five

months now without failure.

With the introduc-
tion of the WVSS, a
new tool has been
added to the observ-

ing systems for weather predic-
tion and other atmospheric sci-
ence applications. This system,
w h i ch is now operational on a
Boeing 757 aircraft, comple-
ments the author’s early work in
1979 on obtaining winds and
temperatures in real-time in the
U. S. as part of the Global
Weather Experiment. The fol-

Rex J. Fleming, Ph. D .
D i r e c t o r
Climate Observ a t i o n s,
NOAA /OG P
B o u l d e r, Colorado, US A

R e a l -Time Water Va p o r
M e a s u re m e n t s

lowing article briefly outlines
the events leading to the cur-
rent water vapor project, the
status of the project and its
expected future direction.

Federal project targets
water va p o r
i n f o r m a t i o n

The U. S. Federal Aviation Ad-
ministration (FAA) funded the
Commercial Aviation Sensing
Humidity (CA SH) program in

19 91. The original purpose was
to establish the feasibility of
obtaining water vapor informa-
tion from commercial aircraft
and to develop formats for pro-
viding such data in real-time to
r e s e a r chers involved in the
FAA’s Aviation Weather Pro-
g r a m.

A history of the use of com-
mercial aircraft as platforms for
e nvironmental measurement is
provided by Fleming (19 9 6 ) .
Po rtions of that paper also pro-
vide more details about the
CA SH program and real-t i m e
aircraft communications.

A lack of knowledge about
water vapor has become a major
impediment in the m a i n s t r e a m
of socio-economic app l i c a t i o n s
of atmospheric science. One o f
these areas involves mesoscale
weather and aviation.

Mesoscale weather systems
affect aviation efficiency, ca-
pacity and sa f e t y. Profiles of
w i n d s, temperature, and water
vapor are needed far more fre-
quently than the current 12 -
hourly radiosonde network can

W

Commercial aircraft play a role in atmospheric science:Commercial aircraft play a role in atmospheric science:

Figure 1a. 

A close-up of the Water Vapor Sensing System (W V SS) probe. The probe extends three

i n ches into the atmosphere and five inches beneath the surface of the fuselage.

Figure 1b.

The probe is located on

the left side of the

a i r c ra ft tailward of the

c o ckpit door (in the area

of the black stripe).

Photos courtesy of

L o ck h e e d -Ma r t i n, BF

Go o d r i ch Rosemount

A e r o s pace, and Un i t e d

Parcel Se r v i c e .

Vaisala News 146/97 Final  7.1.1998 09:59  Page 21



22 146/1997

provide. Th u s, the original in-
tent of the CA SH program was
to help contribute to this water
vapor measurement ch a l l e n g e .

Defining the sensing
s y s t e m

The accuracy of water vapor
measurements on commercial
aircraft was an important factor,
but only one of many to be
considered in the test program.
Since the purpose was to gener-
ate specifications for the pro-
curement of a Water Va p o r
Sensing System (W V SS), only a
few of the thirteen or so identi-
fied measurement concepts were
actually feasible for real-t i m e
commercial aircraft applica-
t i o n s.

The sensor system had to be
l i g h t w e i g h t, compact, rugged,
sensitive and shielded from
c o n t a m i n a n t s. It also had to
provide reliable performance at
a wide range of temperatures,
p r e s s u r e s, Mach numbers and
water vapor conditions. The cri-
teria for the WVSS included
easy installation on existing air-
craft and accurate perf o r m a n c e
over at least a three-m o n t h
unattended period. Any main-
tenance required at that point
in time had to be completed in
less than one hour.

In addition, the response time
of the WVSS had to be short
enough to accurately resolve the
v e rtical structure of the water
vapor in the lower troposphere
at typical aircraft ascent/descent
r a t e s. The vertical structure of
water vapor in the lower atmos-
phere is especially important to
aviation – as well as to the full
spectrum of other atmospheric
applications: weather predic-
t i o n, hy d r o l o g y, ch e m i s t ry, pol-
lution and global climate
ch a n g e .

The test program was fairly
complete and included tests in
a laboratory ch a m b e r, in a wet
wind tunnel, and on a well-
instrumented research aircraft.
The complete test results (H i l l s
and Fleming 1994), including
the potential problem areas
revealed during the tests, were

distributed to all potential bid-
ders for the WVSS procure-
ment phase. Based on scientific
requirements for the ascent/
descent region, operational con-
s t r a i n t s, and the FAA test re-
s u l t s, specifications were pre-
pared and a competitive gov-
ernment procurement was con-
d u c t e d. Three excellent propo-
sals were received which ad-
dressed the limitations identi-
fied in the test results. The win-
ning contractor was Lockh e e d
M a rtin Corporation (L M C). Th e
main characteristics of the WVSS
are identified below.

The winning solution

Ev e ry commercial aircraft has a
temperature probe for measur-
ing the total air temperature
outside the boundary layer next
to the aircraft ski n. The dynam-
ic heating effect of the moving
aircraft is taken into account to
calculate the ambient air tem-
perature from the total air tem-
perature measurement. Th e
W V SS probe is more advanced
than conventional probes and
has better aerodynamic proper-
t i e s. Both probes extend about
3 inches (see Figure 1a) from
the aircraft ski n. A ‘can’ be-
neath the aircraft skin houses
the conditioning electronics.
This can is about the same size
as the container used for the
angle of attack probe  (3.2” in
diameter and 5” deep) .

The air carriers wanted assur-
ance that the new probe would
have no impact on their normal
o p e r a t i o n s. The key features for
them are the WVSS mainte-
nance interval of three to six
m o n t h s, sensor replacement in
twelve minutes, and the com-
plete system weight, including
c a b l e s, of about 10 pounds. Th e
original specification for sensor
replacement was sixty minutes
or less and a weight of  15 pounds.
The maintenance interval could
be anything greater than three
months as long as it coincided
with normal scheduled mainte-
nance ch e ck periods.

For users, the key features of
the WVSS data are response time
and accuracy. The response t i m e
of the sensor – a Va i sala thin-f i l m
capacitor – is 2–3 seconds in the
lowest 20,000 ft. of the atmos-
phere. Since ascent and descent
were the key areas of interest for
the FAA, the accuracy specifica-

tion was also over this lower
20,000 ft. The expected accura-
cy of the WVSS in this range is
3–5 per cent.

Formats and 
the initial data

Of the over 40,000 wind and
temperature Aircraft Communi-
cation Addressing and Report-
ing System (ACA RS) reports re-
ceived every day in the United
S t a t e s, 95 per cent are at flight
l e v e l. Since virtually all aviation
weather activity is related to
mesoscale phenomena – even
flight level winds on the synop-
tic scale are often disturbed by
mesoscale outflow from conv e c-
tion – obtaining mesoscale pro-
files of winds, temperatures, and
water vapor was a highly desir-
able part of the FAA’s A v i a t i o n
Weather Program. Severe o p e r a-
tional constraints had to be ad-
dressed in the design of the new
ascent/descent formats. Th e s e
d es i gn goals are listed below in
priority order:

(1) Maximum vertical meas-
urement resolution

( 2 ) Minimum communica-
tions cost

( 3 ) Minimum communica-
tions traffic at busy air 
t e r m i n a l s

( 4 ) Greater horizontal meas-
urement resolution at
flight levels

( 5 ) F u rther optimization for
other operational require-
m e n t s.

The new ‘ascent’ format, which
is sent as a single message, rep-
resents a compromise between
(1), (2) and (3) above. A report
using the standard or default
value of every six seconds pro-
vides data every 300 feet or 10 0
meters for typical climb-o u t
r a t e s. The permissible report in-
t e rval is every 3–20 seconds.

To d a y, the typical carrier pro-
vides the ACA RS winds and tem-
perature information by send-
ing a single report every 6–7
m i n u t e s. The new ‘en route’ for-
mat has a standard sa m p l i n g
rate of every three minutes (per-
missible range 1–60 minutes) .
Data is concatenated into six
consecutive reports and sent as
a single message as a compromise
solution to (2) and (4) above. At

typical aircraft speeds, the three-
minute sampling interval repre-
sents about 40 km horizontal
r e s o l u t i o n.

The ‘descent’ format take s
into account factors (2), (3) and
(5) above. The standard data
sampling rate for ‘descent’ is
e v e ry 60 seconds with 10 report s
concatenated and sent as a sin-
gle message every 10 minutes.
This sampling rate is allowed to
v a ry by 20–300 seconds within
the format. The rate itself can
be changed to match the termi-
nal situation by an ACA RS mes-
sa g e .

These new formats are now
accepted by the Airline Electri-
cal Engineering Committee
( A EEC). They are included as
p a rt of the ARINC 620 specifi-
c a t i o n, and are now being used
routinely by United Parcel
S e rvice (UPS) .

First WVSS unit in use

LMC has obtained FAA cert i f i-
cation for the WVSS on Boeing
757 aircraft, and the first unit
has been working for over five
months without a failure. Fig-
ure 2 shows a sounding take n
from a real display of the data
on the Internet.

The water vapor information
is obtained by a Va i sala model
HMM30D, the basic element
of which is a relative humidity
s e n s o r. Even though humidity
is measured, it has been shown
(Fleming 1996) that greater ac-
c u r a cy can be achieved by down-
l i n king the atmospheric water
vapor mixing ratio on a dynam-
ically moving aircraft.

Although the data is still
under evaluation, an excellent
dynamic range of mixing ratio
information has been ach i e v e d,
the data comparison between as-
cent and descent from the sa m e
air terminal has been consistent,
and comparisons against radio-
s o n d e s, when possible, have
been quite good with consistent
v e rtical changes in degrees of wet-
n e s s.

Six production units have
been produced as part of the
c o n t r a c t. These six WVSS units
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are installed on United Parcel
S e rvice Boeing 757 aircraft (see
Figure 1b). The aircraft operate
out of Louisville, Kentucky, and
fly to destinations throughout
the United States.

Looking to the future

The National Oceanic and Atm o s-
pheric Administration (NOAA)
has contracted for an additional
60 WVSS units, which will be
installed beginning in February
1998. A further option for 10 0
more units will be exercised later
in 1998. These units will be added
to the UPS fleet and primarily
to other U. S. air carriers.

Once a sufficient number of
W V SS-equipped aircraft are fly-
i n g, a data analysis of the fore-
cast impacts and an official 2-
year Demonstration Program
for the FAA can begin. This pro-
gram will determine the impact

of ascent/descent profiles of
w i n d s, t e m p e r a t u r e s, and water
vapor on aviation weather prod-
ucts and industry operations.

The Integrated Terminal We a t h-
er System (I T WS), to be deployed
in the near future (cf. Evans and
D u c o t, 1995), will be a key appli-
cation of the data. The WVSS
information will make a signifi-
cant contribution to the radars
and automated surface systems
in the air terminal env i r o n m e n t
– thus helping to reduce the fre-
q u e n cy and severity of flight
delays and improve the safety of
air travel.

The NOAA Office of Global
Programs is also funding the
W V SS p r o c u r e m e n t. Data from
the WVSS fleet, which will sup-
p o rt more accurate water vapor
flux information, will be used
by scientists involved in the
Global Energy and Water E x-
periment (GE W EX) Continen-

t a l -scale International Project
(G CIP). Data is being provided
directly to this project, and the
full WVSS fleet will fly at least
until September 2000, covering
the last three years of GCIP.
Water and energy budget stud-
ies (with and without the
W V SS information) will be
c o n d u c t e d. The data will be avail-
able through the GCIP data
management system.
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Figure 2. Ascent sounding, 1 km from Louisville, Ke n t u ck y, starting on 22 May 19 97 at 8:31 UTC, lasting 14 minutes and covering 145 km.

F u rther information about the WVSS project may be obtained 
on the Internet. C o n t a c t : w w w. j o s s. u c a r. e d u /w v s s /

■
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The climatic conditions affecting Taiwan are very
c o m p l e x. Typhoons, monsoons and thunder-

storms leave their mark on the country: the aver-
age yearly damage from severe weather is around
USD 330 million. To provide advance warning
of storms and floods and to prevent weather-
related damage, Taiwan has built an extensive

meteorological observation system covering the
entire country.

he objective of Ta i-
wan’s Automatic Ra i n-
fall and Meteorolog-
ical Te l e m e t ry Sys-

tem (ARM TS) is to study the
characteristics of heavy rain and
thunderstorms in small and
m e s o s c a l e s. This information is
used to improve prediction of
local heavy rains and provide
flood and other warnings.

The main island of Taiwan is
about 200 km wide and 400 km
l o n g, with a central mountain
up to 4,000 m in height run-
ning north to south. Geophy s-
i c a l l y, the country falls within
the subtropical monsoon zone,
and it is on the main typhoon
path in the western Pacific.

Taiwan’s complex terrain and
climate conditions cause dra-
matic seasonal variations in the
w e a t h e r. These are often accom-
panied by severe weather condi-
tions such as typhoons in the
summer and autumn, cold fronts
in the winter, thunderstorms in

the spring, and monsoons in
the early summer. All of these
weather phenomena have the
potential to cause heavy dam-
a g e .

Fighting the battle
against wea t h e r
d a m a g e

According to statistics from
19 61 to 1985, the average yearly
damage from severe weather
was about USD 330 million; of
this amount, typhoons account-
ed for 70 per cent and heavy
rains for 26 per cent. In re-
sponse, the government initiat-
ed a large-scale 5-year hazard
prevention project in 1982. Th e
Central Weather Bureau (C W B)
was responsible for implemen-
tation of ARM TS. 

The ARM TS project start e d
with the western region of Ta i-
wan in 1986, followed by the
eastern region of the country in
1994. The entire network was

Joel Hsu
P r e s i d e n t
E nvironmental Science & Eng’n Corp
Ta i p e i, Ta i w a n

Vaisala helps prevent 
weather damage:

A RM TS 
Up and 
Running 
in Ta i wa n

T
The Automatic Rainfall and

Meteorological Te l e m e t r y

S ystem (ARM TS) netwo r k.

A MILOS500 weather station in Ta i w a n.
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completed in August 19 97, in-
cluding 223 rainfall stations, 10 2
meteorological stations, 14 re-
g i o nal data processing stations
and 2 central stations. In line
with small and mesoscale require-
m e n t s, these stations have been
installed upstream, mid-s t r e a m
and downstream of the major
rivers in order to measure rain-
fall and meteorological condi-
tions in the catchment area. 

Va i sala Oy and Env i r o n m e n t a l
Science & Eng’n Corp. (ES & E) ,
the local Va i sala Surface We a t h-
er Observations’ agent, handled
the project implementation in
the Taipei area and the entire
eastern region. The project
included the siting of the sta-
t i o n s, radio path planning, sys-
tem installation and commis-
s i o n i n g, training and after sa l e s
s e rvice. The project team was
set up in July 19 9 4 .

Va i sala was responsible for
hardware sourcing, design, manu-
facturing and QA for all field
s t a t i o n s. ES&E provided the
software and system setup, sit-
ing and radio path planning for
the central and regional sta-
t i o n s. The subsequent installa-
t i o n, commissioning and train-
ing were a joint effort.

Design specifications for
the new observa t i o n
s y s t e m

After discussions with the We a t h-
er Bureau and a review of the
past performance of the existing
system in the western region,

the following design criteria
were specified:

• To meet the system objec-
t i v e s, the real-time rainfall
data (every 0.5 mm) has
to be transmitted and
received by both the cen-
tral and regional stations
as quickly as possible,
within 1–2 seconds. To
p r e s e rve the accuracy of
the time relationship, the
rainfall data and measure-
ment time have to be
stored in long-term data
m e m o ry at the site for
later retrieval.

• Since all field stations will
be unmanned, sufficient
system status diagnostics
must be implemented to
allow full management of
system operation and
effective response to pos-
sible system failures.

• Since the system commu-
nication will be based on
a radio link, the data vali-
dation process should be
carefully designed and
implemented to avoid
i n t e rference that would
d i s t o rt rainfall measure-
m e n t s.

• To ensure uninterrupted
operations especially in
harsh weather conditions,
all hardware should be
manufactured and
installed following high
industrial standards.

Now fully implemented, the
A RM TS system in the western
region comprises 46 rainfall sta-
t i o n s, 40 meteorological sta-
t i o n s, 13 single repeater stations,
7 dual repeater stations, 4 region-
al data processing stations and
one central station. Over two-
thirds of the stations are located
in mountainous areas.

All field stations are powered
by solar energy and use a one-
way UHF radio link to contact
the regional stations. After data
v a l i d a t i o n, real-time rainfall data
and hourly meteorological data
are transmitted to the central
station through two redundant
X.25 networks. 

Reliable rainfall
m ea s u r e m e n t s

E a ch rainfall station has an ori-
fice 30 cm in diameter and a 0.5
mm tipping bucket rain ga u g e
installed on a 4-meter high
s t a n d. The large orifice reduces
wind effect and provides more
accurate rainfall measurement,
while the 4-meter installation
height prevents damage by wild
animals and obstruction by
bushes and trees. The system
a c c u r a cy is within ±2 per cent
for rainfall rates of up to 250
m m / h. For stations at over
1,800 meters, the rain gauge has
an electronically controlled heat-
ing device that starts heating at
2° C and cuts off at 5° C.

The rain gauge has two read
s w i t ch e s, one for an on-s i t e
recorder and one that triggers

r e a l -time transmission. Th e
l o n g -term recorder, the QL10 ET,
provides real-time recording of
rainfall with a capacity of up to
16,000 counts. The battery capac-
ity is sufficient for at least 3 years.

The stations are also equip-
ped with a QLI50 Sensor Col-
lector for encoding and radio
c o n t r o l. When the bucket tips,
the QLI50 turns on the radio
transmitter after a preset inter-
val and sends out encoded data,
including the accumulated rain-
fall value, the station ID, system
status and a ch e cks u m. The sys-
tem status report includes the
solar panel charging state, bat-
t e ry High/L o w, Open/Close of
the enclosure door, ‘Test’, ‘A l i v e ’ ,
e t c.

This report keeps the opera-
tors in the regional office in-
formed about the situation in the
f i e l d. The system is designed for
o n e -way transmission. When
no rainfall has occurred for 60
minutes (or during a user set
time interv a l), the QLI50 initi-
ates a transmission to notify the
operator that the station is still
‘Alive’. 

The rainfall stations are pow-
ered by solar panel and bat-
t e r i e s, with a capacity of at least
2 0 days without sunshine. All
the electronics and batteries are
inside the rain gauge stand. Th e
lightning rod, antenna and solar
panel are mounted on an anten-
na mast ranging from 7 to 30
meters in height, depending on
the radio path design.

The climatic conditions

affecting Taiwan are very

c o m p l e x.
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Me t eorological stations
m easure rainfall, wind
and temperature

The meteorological stations share
the same rain gauge design as
the rainfall stations. In addi-
t i o n, they have a 6-meter high
instrument mast for meteoro-
logical instruments such as wind
s p e e d, wind direction and tem-
perature sensors, and the enclo-
sure used with the MILOS 5 0 0
Automatic Weather Station and
D PA 21 pressure sensor.

Because of the complexity of
meteorological measurement,
the MILOS500 is used for data
p r o c e s s i n g, logging and control.
To provide hourly average and
daily extreme values, the
MILOS500 runs in continuous
mode. The meteorological sta-
tions transmit rainfall data in
the same way as the rainfall sta-
t i o n s, on an hourly and daily
b a s i s. All transmitted data also
includes the station ID, system
status and a ch e cks u m. Along
with a QL10 ET for rainfall re-
c o r d i n g, a 1 MB capacity PCM-
CIA card is used for the storage
of meteorological data.

Re p eater stations 
relay the data

The ARM TS contains single
and dual repeater stations. A
single repeater is simply a radio
transceiver for data relay. Dual
repeater stations are used in
more critical radio paths. Th e y
contain two redundant trans-
c e i v e r s. One is in the active
mode and the other in the hot
standby mode. The data re-
ceived by both units is trans-
mitted to the MILOS500 for
data validation, including error
ch e cking and limit ch e cking of

the station ID. The message is
then directed through the first
t r a n s m i t t e r.

At the same time, the trans-
mitted data is picked up by the
third receiver and fed again to
the MILOS500 for ch e cki n g. If
the transmission fails, the
MILOS500 re-initiates trans-
mission through the second
t r a n s m i t t e r, inserting a failure
m e s sage along with other sys-
tem status messa g e s.

Regional and central
stations process
m e t eorological data

E a ch regional data processing
station has three to four differ-
ent frequency antennas and
radio receivers, depending on
the area radio path design. Th e
receiving station is also equip-
ped with a MILOS500 unit for
removing any corrupt ch a r a c-
ters that may arise from the ran-
dom nature of rainfall and the
meteorological station transmis-
s i o n s. The data transferred to
the data receiving and process-
ing computers is therefore free
from any corrupt ch a r a c t e r s. All
serial lines are buffered, so simul-
taneous reception of data does
not cause any data loss. 

The data processing system
contains a LAN with a DEC 3 3 0 0
RISC-based serv e r, a DEC PC
work station and communica-
tion devices such as a router and
m o d e m s. 

The software is based on a
C l i e n t -S e rver structure with the
following functions :

The networking between the
regional stations and the central
station is provided by two X. 2 5
l i n ks operating in load balanc-
ing and load sharing modes.

The central station has the
same software and similar hard-
ware (a DEC3800 server) as the
regional stations. The data from
all regional stations is transmit-
ted to the Central We a t h e r
Bureau’s forecasting center via
C W B’s intranet in real-t i m e ,
and then stored for other users.

Me t eorological data
plays a valuable role in
damage preve n t i o n

Among many other benefits,
the ARM TS provides effective
r e a l -time rainfall and hourly
meteorological data for weather
w a t ches and the prediction of
h e a vy rains. When combined
with radar and satellite informa-
t i o n, it is also used for localized
weather system study and quan-
titative analysis. Through the
computer network, it provides
valuable data for flood warn-
i n g s, reservoir operation, water
resources study, and even env i-
ronmental impact studies for
land development. 

The ARM TS supplied by
Va i sala and ES&E uses only two
intelligent devices, a QLI50 and
MILOS500, to implement the
complete system. This simplic-
ity underlies the success of the
A RM TS. With a correlation
within 2 per cent between the
r e a l -time and on-site recording
d a t a, the ARM TS is a reliable
and advanced system.

• Data Reception

• Data Calculation and Processing

• System Fault Identification and Alarm Logging

• Detailed Station Information

• Data Storage

• Data Transfer between Regional and/or Central Computers

• R e p o rt Generation and Graphics Display

■
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Finland’s icebreakers are
busy from December to
May keeping the coun-
t ry’s ports open on the
Gulf of Bothnia. High
winds and extreme tem-
peratures make this a par-
ticularly demanding
application for weather
i n s t r u m e n t a t i o n. Using a
MILOS weather station,
the icebreaker ‘Apu’ – or
‘Help’ in English – col-
lects important data, as
well as assisting vessels at
s e a. 

inland’s icebreake r
fleet of 9 vessels oper-
ates under the Finn-
ish Maritime Ad m i n-

i s t r a t i o n. One of them, the ice-
b r e a ker Apu, was built in 1970 .
She operates mainly in the Gulf
of Finland. 

Harsh conditions at sea

M r. Pe r -Henrik Nyström, Com-
mander of the icebreaker Apu,
has served on various icebreak-
ers for 23 years, including 10
years on the Apu. During the
winter season, his crew numbers
from 34 to 40. According to
Commander Nyström, Va i sa l a ’ s
weather instruments have func-
tioned well on the Apu. Th e
ship’s MILOS weather station
and meteorological sensors for
temperature, humidity, pres-
sure, wind speed and direction
were installed in 19 87. 

As Commander Nyström
e x p l a i n s, the icebreaker and his
crew must contend with harsh
weather conditions: “During
severe storms, winds can reach
over 30 m/s and even close to
40 m/s. The ice moves with
great force, making it very diffi-

cult to keep a channel open. In
some cases, cargo ships have to
be towed. Our weather instru-
ments must withstand these
extremely harsh weather condi-
tions and still work reliably.
This was the reason behind our
choice of Va i sala’s observ a t i o n
i n s t r u m e n t s. ”

On-board wea t h e r
s t a t i o n

The Apu’s MILOS weather sta-
tion measures wind speed and
d i r e c t i o n, relative humidity, tem-
perature, pressure, and sea tem-
perature, combining this infor-
mation with ship speed (from
the log and position), which it
receives from the naviga t o r. Th e
station calculates mean values
as well as true wind values.

This information is displayed
on the bridge for naviga t i o n.
The data is also sent to the
Finnish Maritime Ad m i n i s t r a t-
ion three times a day, for use
with daily ice forecasts. Mer-
chant vessels operating in the
Gulf of Bothnia need informa-
tion on ice formation, ice melt-
ing and real-time ice condi-
t i o n s.

Commander 

Pe r -Henrik Nyström 

of the icebreaker Apu.

Marit Finne
E d i t o r -i n -C h i e f
Va i sala Ne w s
Va i sala Oy, Finland

The icebreaker Apu was built in 1970. She opera t e s

mainly in the Gulf of Finland. 

F

■

The Icebre a k e r ‘A p u ’

Li ves Up to its Name

The Icebre a k e r ‘A p u ’

Li ves Up to its Name
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Truly representative
information about
wind direction and

speed at sea cannot be
obtained by observ i n g

the weather on the
c o a s t. Australia’s

Bureau of Meteorology
has outfitted the MV
Spirit of Tasmania for

maritime weather
o b s e rv a t i o n s. Ev e ry

time the ferry crosses
Bass Strait between
Mainland Australia

and Ta s m a n i a, an auto-
matic weather station
measures wind, pres-

sure, temperature and
h u m i d i t y.

ompetitors in the
renowned Sydney to
H o b a rt yacht race
are more than famil-

iar with the treacherous waters
of Bass Strait. Situated between
the southern corner of main-
land Australia and the island of
Ta s m a n i a, the strait is rega r d e d
as one of the most dangerous
s t r e t ches of water around Aus-
t r a l i a. 

Regular wea t h e r
o b s e r vations from 
Bass Strait

The MV Spirit of Tasmania
m a kes regular crossings of Bass
S t r a i t, ferrying vehicles, freight
and passengers between Mel-
bourne and Devonport. For
some years, the Bureau of Me-
teorology weather forecasters,
p a rticularly in Ta s m a n i a, have
b e e n eager to establish a more
regular weather reporting mech a-
nism using the MV Spirit of
Ta s m a n i a. The ship maintains a
strict schedule in all but the
most extreme weather events, so

it is an ideal platform for record-
ing weather observations during
its traverse of Bass Strait.

Automatic Weather Stations
( AWS) are the most practical
tool for obtaining weather re-
p o rt s. They enable accurate, reli-
able and regular measurements
without imposing on the ship’s
c r e w. Because the ship and the
AWS are moving, a number of
factors must be kept in mind to
ensure accurate measurements
and reliable data transmission to
the Bureau Head Office. Th i s
requires a certain amount of flex-
ibility from the AWS, which was
one of the reasons behind the
choice of the MILOS500. Th e
Bureau has purchased four Va i-
sala MILOS500 ship AWS units,
with the installation on the Spirit
of Tasmania being the pilot proj-
e c t. 

AWS wo r k s
i n d e p e n d e n t l y

The MILOS500 measures wind,
pressure, temperature and humid-
ity from sensors located above

the bridge of the Spirit of
Ta s m a n i a. An INM A RS AT-C
satellite transmitter with an
internal GPS receiver is used to
transmit observations back to
the Bureau’s network. The GPS
receiver provides information
on the ship’s position and
speed and its course over the
w a t e r.

A flux gate compass provides
information on the Spirit of
Tasmania’s heading, so the
AWS is completely indepen-
dent of the ship’s own naviga-
tion and communication sys-
t e m s. A laptop PC on the bridge
displays real-time information
on the AWS measurements. It
also enables manual entry of
o b s e rvations such as visibility
and sea state.

The cost of data transmission
from the Spirit of Tasmania is
an important consideration. For
this reason, the standard Synop
m e s sage is conv e rted to a short
b i n a ry report prior to transmis-
sion and then decoded back to
the standard Ship Synop code
at the Bureau. This enables the

C

The MV Spirit of Tasmania makes regular daily crossings of Bass Stra i t, ferrying vehicles,

freight and pa s s e n g e rs between Me l bourne and Dev o n p o r t.

Outfitting the MV Spirit of Tasmania for weather observationsOutfitting the MV Spirit of Tasmania for weather observations

O n -B o a rd AWS Provides More
Reliable Wind Data at Se a
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use of very short data transmis-
s i o n s. The benefits are two-f o l d.
O b s e rvations can be made as
frequently as once per hour,
and costs are significantly lower
compared with other sa t e l l i t e
c a r r i e r s.

I m p r oved wind data 
at sea

Once the system is fully opera-
t i o n a l, observations retrieved
from the Spirit will be of great
benefit to forecasters in both
Tasmania and Vi c t o r i a. At pre-
s e n t, the Bureau’s coastal weath-
er observations sites do not
always provide wind speed and
direction data that is truly rep-
resentative of winds at sea.
These sites tend to be located in
areas that are either very shel-
t e r e d, such as townships located
in river valleys, or very exposed,
s u ch as capes and promontories
where winds tend to accelerate
around a geographical feature.

Ship observations are there-
fore the only source of reliable
information for determining
true wind speeds over water. For

this reason, the AWS data from
the Spirit of Tasmania will sig-
nificantly contribute to improv-
ed accuracy of forecasts. Th e
greater frequency of observ a-
tions will also enable a study of
wind patterns across Bass Strait,
as part of an effort to enhance
the Bureau’s computer derived
forecasts and improve forecast-
ing for Bass Strait.

Bass Strait forecasts will not
be the only beneficiaries of
o b s e rvations from the Spirit of
Ta s m a n i a. The data will provide
more accurate information about
the location of cold fronts in
Bass Strait, and this will help
forecasters predict the move-
ment of these fronts through
Tasmania and the southern
m a i n l a n d. This information is
extremely important for fore-
casts during the summer, par-
ticularly for fire fighting and
a v i a t i o n.

Other ships of the Australian
Vo l u n t a ry Observing Fleet
( AVOF) will be fitted with
Va i sala MILOS500 Ship AWS
units over the next serv e r a l
y e a r s.

Simon Harrod
Sales Manager
Va i sala Pty Ltd
Melbourne, Australia

Graham Jo n e s, CP. Eng
S u p e rvising Engineer
Upper Air & Marine Te l e m e t ry
Bureau of Meteorology
A u s t r a l i a

Marine and Estuarine 
Protected Areas Tasmania

SO U RC E S :

Australian Nature Conservation Agency
Projection: Albera Equal Area
Standard Parallel: 18 and 36 degrees South
Central Meridian: 132 degrees East
Australian Spheroid

0 100km 200km

Marine and Estuarine Protected Area.

From the left: Robert Ireland (Vaisala) and Ross Hibbins

(Bo M) installing the MILOS500 weather station on board the

Spirit of Ta s m a n i a.

■
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The Finnish oil com-
p a ny Neste has pur-

chased two harbor
weather stations from
Va i sa l a. The complete
hy d r o m e t e o r o l o g i c a l
o b s e rvation systems

were installed in 19 97,
one at the Po rvoo har-
bor in the spring and

another in Naantali in
the early summer.

Located in southern
F i n l a n d, Neste’s mod-
ern harbors offer con-
venient shipping con-
nections to and from
the Baltic countries.

easured in cargo vol-
ume, Neste’s harbor
in Po rvoo is the
largest in Finland.

Va i sala has installed a complete
hydrometeorological monitor-
ing system to help improve the
safety and economy of ship-
ping from both Po rvoo and
N a a n t a l i. Va i sala’s system com-
prises a complete MILOS 5 0 0
automatic weather station, as
well as an FD 12 visibility sen-
sor and sensors for water level
and conductivity. For back-u p
p u r p o s e s, water levels are meas-
ured using two different princi-
ples: hydrostatic pressure and
u l t r a s o n i c. 

The measurements are dis-
played on a graphical terminal
and on large outdoor numeri-
cal displays that can be seen
from the deck of approach i n g
s h i p s. They are also integrated
into the real-time air quality
monitoring system of the Env i-

ronmental La b o r a t o ry at Ne s t e ’ s
r e f i n e ry, which is located close
to the harbor. The sa m e data is
available throughout the PC
n e t w o r k.

Versatile harbor
weather stations

M r. Risto Ra j a l a, Development
M a n a g e r, is in charge of devel-
oping the technical and work-
ing methods at Po rvoo’s har-
b o r. As he explains: “Ev e ry
y e a r, 16 million tons of raw
materials and products are
shipped through the harbor,
for a total of 1,200 ship visits.
The harbor has seven wharv e s,
with a maximum water depth
of 15.3 meters. The shipping
traffic served by the harbor in-
cludes sea-going freighters on
the Baltic. To ensure the sa f e t y
of cargo shipments at sea, we
rely on advanced hy d r o m e t e o-
rological observation systems. ”

As Te chnical Supervisor of
Harbor Serv i c e s, Mr. Erkki
H e i kkilä is responsible for sys-
tem maintenance. “A c c u r a t e ,
r e a l -time hy d r o m e t e o r o l o g i c a l
data is essential for shipping op-
erations in the harbor. Ne s t e ’ s
modern oil refinery and ch e mi-
cals units are conveniently lo-
cated on the southern coast of
F i n l a n d, allowing competitive
cargo shipments to countries on
the Gulf of Finland. From
Ne s t e ’ s h a r b o r s, there also is a
direct sea route to the rest of
the Baltic Ri m,” he notes.

I m p r oved operational
e f f i c i e n c y

Neste uses Va i sala equipment
to measure and monitor the
temperature and salinity of the
sea water, as well as the water
l e v e l, wind speed and direc-
t i o n, air temperature, and vis-
i b i l i t y. The salinity observ a-

H y d ro m e t e o rological Observa t i o n
System Supports Harbor Opera t i o n s

Every year, 16 million tons of raw materials and products are shipped through Neste’s ha r bor in Porvoo, for a total of

1,200 ship visits. Vaisala wind sensors have been installed on the mast in the ba ck g r o u n d.

M
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Marit Finne
E d i t o r -i n -C h i e f
Va i sala Ne w s
Va i sala Oy, Finland

tions are used in the determi-
nation of cargo weight limits.

The measurements are stored
in a database that is also inte-
grated into the air quality moni-
toring system of the Env i r o n-
mental La b o r a t o ry. If needed,
the data can be used to trace
e m i s s i o n s.

Neste has always taken pride
in maintaining the high tech-
nological level of its refineries.
To meet market demand and
implement the latest refining
t e ch n o l o g y, production pro-
cesses are systematically upgrad-
e d during shut-d o w n s. Ne s t e
has invested in design innova-
tions to reduce emissions at the
Po rvoo refinery, which pro-
duces ten million tons of petro-
leum products every year. Th e
use of low-sulfur crude oil and
VOC (volatile organic com-
p o u n d) recovery systems reduces
the environmental load of the
r e f i n e ry. Neste regards env i r o n-

m e n t a l, health and safety issues
as an integral part of its opera-
t i o n s. In this light, says Mr.
H e i kkilä, “Va i sala’s products
have performed well. They have
also improved the effic i e n cy of
our harbor operations. ”

According to Mr. Ra j a l a,
“ Weather conditions have a
dual significance for us. First of
a l l, information about wind
speed and direction and water
levels is essential in our daily
o p e r a t i o n s. We also use the
database for long-term analyses
of general weather and water
conditions and for air quality
monitoring by Neste’s Env i r o n-
mental La b o r a t o ry. The ability
to access information on our
o w n w o r kstations is an impor-
tant practical advantage for us.
We chose Va i sala because of its
good reputation and accurate
p r o d u c t s. ”

Mr. Risto Rajala,

Development Ma n a g e r, is in

charge of developing the

t e chnical and wo r k i n g

methods at Neste’s ha r bor in

P o r v o o.

Mr. Erkki Heikkilä is the

Te chnical Supervisor of

Ha r bor Se r v i c e s.

Vaisala’s MILOS 5 0 0

weather station for

hydrological monitoring at

Neste’s ha r bor in Porvoo.

The control tower at the ha r bor in Porvoo.

■
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he Slovak Hydrome-
teorological Institute
(SHMI) is respon-
sible for obtaining

quantitative and qualitative in-
formation about the status of
meteorological and hy d r o l o g i-
cal phenomena. To evaluate
e nvironmental conditions and
changes in Slovaki a, it is essen-
tial to develop, process and file
this information. 

Three-stage NOS
automation projec t

According to a recent survey of
SHMI specialists, the automa-
tion of the National Observ i n g
System (NOS) improves the
f r e q u e n cy and efficiency of data
c o l l e c t i o n, the accuracy and
c o n s i s t e n cy of the collected
d a t a, and data availability. Auto-
mation also allows on-line evalu-
ation of data quality and im-
proved data storage. Along with
these technical issues, econom-
ic benefits are also a factor.

The automation of SHMI ’ s
o b s e rving system is being car-
ried out in three overlapping
s t a g e s : the first, from 19 9 0 – 19 9 8 ;
the second, from 19 9 5 – 2 0 0 0 ;
and the third, scheduled to
begin in 1999. The time frame
depends on the funds available
and the implementation of i n d i-
vidual projects. Although the
current project was started in
1990, the automation of obser-
vations at SHMI dates back to
1974, when the first fully auto-
matic measurement system for
the Jaslovské Bohunice nuclear
power plant was introduced.

S l o v a kia’s National Observ-
ing System comprises several
o b s e rving systems for various
p u r p o s e s, reflecting the histori-
cal traditions of manual weath-
er observ a t i o n s.

For this reason, the surf a c e
weather section of NOS has
P a rtial Observing Systems (POS)
for Aviation (10 stations), Synop-
tic Meteorology (13), Nuclear
Safety (2) and Climatology
( 8 51). Over the years, however,
the Partial Observing Ne t w o r ks
have adopted a mixed observ-
ing program, thus serving all
u s e r s.

T

Figure 2. The first fully automatic

measurement system – for the

Jaslovské Bohunice nuclear power

plant – was introduced in 1974.

Advanced technology for monitoring meteoro-
logical and environmental data and measure-

ment reliability is behind the new thinking on
the structure and composition of the National

O b s e rving System in Slovaki a. SHMI faces
growing demand to develop its National

O b s e rving System in order to produce accurate,
frequent and high-quality meteorological data in

r e a l -t i m e .

D r. Miroslav Ondráš
Deputy Director
Slovak Hydrometeorological Institute
B r a t i s l a v a, Slovaki a

S t e p -B y -S t e p
Automation 
of Observing
Systems in
S l ova k i a

S t e p -B y -S t e p
Automation 
of Observing
Systems in
S l ova k i a
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(MOR); background luminance;
cloud base level; present weath-
er; and gamma radiation doses.

Some sensor types are used
for historical reasons. To d a y,
the general trend is to use a spe-
cific type of sensor or at least
sensors from one manufacturer.

SHMI has plans to monitor
ozone and certain air quality
parameters near the surface, as
well as lightning strikes and
lightning activities. For this rea-
s o n, the number of parameters
and sensors will be extended.

In the semiautomatic mode,
the MILOS500 and ESC 8800
automatic stations are linked to
the IMS (Integrated Meteoro-
logical System), which is a PC-
based multi-purpose system.
When needed, the system can
i n t e rface with a human observ-
er who can input his own obser-
vations and supervise the sys-
t e m. Data pre-p r o c e s s i n g, data
ch e cking and control, arch i v-
i n g, the compilation of meteoro-
logical messages and data trans-
mission are done autom a t i c a l l y
using the IMS to transmit data
to the Message Switching Sys-
tem (MSS) of the National
Telecommunication Centre.

In fully automatic mode, the
MILOS500 automatic stations
can work with or without the
IMS. This allows redundancy in
the performance of some jobs,
p a rticularly data pre-p r o c e s s i n g,

data ch e cking and control, ar-
ch i v i n g, the compilation of me-
t eorological messages and data
t r a n sm i s s i o n. When an auto-
matic station is installed at a
typical meteorological station,
the IMS, which is situated at
the observer’s room, is linked to
the automatic station. 

Both the IMS and AS send
compiled messages to the Mes-
sage Switching System indepen-
dently in fully automatic mode,
although data from the IMS has
p r i o r i t y. This provides a back-
up in case of a breakdown of
the IMS or a lack of personnel.
In purely field installations, of
course, the AS works without
the IMS System. This provides
the flexibility for all possible
installations – fully and part i a l l y
manned and unmanned me-
teorological stations.

The semiautomatic mode is
used in fully manned meteoro-
logical stations that operate 24
hours per day. The automatic
and semiautomatic modes run
c o n t i n u o u s l y, so it is possible to
s w i t ch automatically to the
automatic mode in case of a
failure without losing any meas-
u r e m e n t s. The automatic mode
is used at partially manned me-
teorological stations, which op-
erate 18 hours a day, and also in
field conditions. Reflecting the
continuing decrease in the total
number of observers in the

f i e l d, the automatic mode is
replacing the semiautomatic
mode. In this respect SHMI is
w o r king to develop a fully auto-
matic station, not only for syn-
o p t i c, but also for aviation pur-
p o s e s. Existing hardware is
being used to achieve this goal.

E x t e n s i ve data chec k
r o u t i n e s

Both the Automatic Station
and Integrated Meteorological
System process raw data by pro-
ducing 1-minute, 10 -minute and
1 -hour data sets that are sent to
the MSS via the Private Data
Ne t w o r k. The 10 -minute data is
sent every 10 minutes; the 1-
minute data, once a day or on
request; and the 1-hour data,
e v e ry hour. 

In addition, compiled mes-
sages like SYNOP, META R ,
CL IM AT, IN T ER or local types
of messages and various pre-p r o-
cessed data in tables (monthly
s h e e t s) are also produced. Th e
Automated Weather Observ a-
tion System at Bratislava Air-
p o rt compiles messages on hori-
zontal and vertical wind shear,

                                                      

                                                                   

                                                           

      

       

            
         

               

       
         

       

       

              

      

        
     

      

       

        

         

     
        

        

                  

         

      

               

                  

                   

     

              

        

       

        

                

        
                         
                                          

Current parameters and
sensor systems 

To d a y, SHMI operates twenty-
one Va i sala MILOS500 auto-
matic stations (AS), four ESC
8800 AS units, five SHMI IS-
32 AS units, three Va i sa l a
MIDAS600 systems, and one
Va i sa l a -MPS-SHMI tower auto-
matic system in either fully auto-
matic or semi-automatic mode.
The older ESC 8800 equipment
will be replaced by Va i sa l a ’ s
MILOS500 systems within the
next two years. Depending on
the observation program, auto-
matic stations are used for
monitoring the following data,
m a ny parameters of which are
computerized: wind speed and
direction on the surface and at
different atmospheric levels; air
temperature and humidity;
ground surface temperature;
soil temperature; barometric
pressure; global, diffuse and
UVB radiation; radiation bal-
ance and Photo Active Ra d i a-
tion (FAR); sunshine duration;
precipitation; evaporation; hori-
zontal visibility and Meteorolog-
ical Observation Ra n g e

Figure 1. The network of the National Observing System in

Slovakia (including three subsystem A, B and C) .
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as well. The automatic data
ch e ck routines are run in the AS
and IMS to ensure the internal
validity and consistency of the
raw data and compiled mes-
sa g e s. Manually measured param-
eters are compared with AS data
at three-hour interv a l s. It is the
o b s e rver’s responsibility to take
action if any discrepancies
o c c u r. 

In the future, an automatic
ch e ck of 10 -minute data will be
i n t r o d u c e d. There is a temporal
( a p p r o x. from 60 to 90 days)
storage on site in both the AS
and IMS. Diskettes are used for
f u rther on-site storage. From
the MSS, all data is sent to local
users on line and to the KMIS
(Climatological and Meteoro-
logical Information System) .
Data sets and compiled mes-
sages are saved hourly in the
K MIS, which runs comprehen-
sive data ch e ck routines. The 1-
and 10 -minute data sets, which
are only monitored at the
Central Forecasting Office, are
saved on an optical disc in the
original form. In the future, all
data will be stored in the KMIS.
In case of missing data or mes-
sa g e s, an automatic function is
being developed to retrieve data
from the original AS or IMS.
F u rther post-processing is done
by the KMIS, where other data
control is applied and if neces-
sa ry, data corrections are made.

Flexible communication
n e t work 

The SHMI’s communication
network is an integral part of an
information system that has
been designed to meet the need
for data and information distri-
bution on a national and inter-
national level. It is a packe t -
s w i t ching private network using
the X.25 protocol.

The connection between the
main nodes of the backbone net-
work is made via leased lines.
The aviation and synoptic me-
teorological stations and region-
al offices are connected to the
b a ckbone mostly by leased lines,
and occasionally by dial lines.

Operation and
maintenance procedures

Operation of all Automatic
Stations is monitored continu-
o u s l y, and action is taken in
case of a breakdown. Regular
maintenance and repairs are
contracted to local companies
on a monthly or quarterly basis.
For this reason, a sufficient
quantity of spare parts is kept in
s t o ck, and operators receive
maintenance training. There is
occasionally some discrepancy,
h o w e v e r, between theory and
r e a l i t y. In some cases, SHMI
allows local contractors to use
our Communication Ne t w o r k
for remote control and mainte-
nance of the software.

SHMI guarantees the accura-
cy of measurements by calibrat-
ing all sensors regularly in our
own calibration laboratories or
elsewhere. SHMI’s Measure-
ment Standards are compared
with the National Measurement
Standards in the Slovak Met-
rology Institute or with interna-
tional standards. All calibration
equipment is now being replaced
by advanced tech n o l o g y, and new
methodology and calibration
t e chniques are being developed
for integration with both the old
and new instrumentation.

Meeting the challenges
of automation

Automation is an essential com-
ponent of new observing meth-
ods and procedures, many of
w h i ch differ significantly from
the older ones. At manned sta-
t i o n s, weather observations or
subjective parameters are esti-
mated by an observer at a cer-

tain location based on spatial
i n t e g r a t i o n. The observation of
cloud amount and present weath-
er is one example. An automat-
ic system, on the other hand,
estimates the same parameters
from measurements made at a
c e rtain location based on tem-
poral integration. This repre-
sents the principal difference
between the behavior of an
o b s e rver and an automatic sys-
tem when estimating these weath-
er phenomena. The crucial point
in the development of new
automatic weather stations is to
find not only new sensors, but
also new algorithms that allow
the calculation of the spatial
distribution of a parameter from
point measurements.

Automatic weather stations
will inevitably introduce incon-
gruities into the old climatic
records because of changes in
sensor design, the physical prin-
ciple of measurements, observ a-
tion tech n i q u e s, observ a t i o n
time and data processing algo-
r i t h m s. For this reason, an
e f f o rt should be made to study
the homogeneity of data over
time after the change in instru-
m e n t a t i o n.

Hardware protection aga i n s t
lightning strikes and over-v o l t-
age surges poses a special ch a l-
lenge for the automation of the
o b s e rving network. SHMI is
i nvesting a great deal in this area
after a series of problems in
19 9 5 .

Without automatic measure-
ment of weather phenomena
(cloud height and amount, vis-
i b i l i t y, present weather), which
up to now were the observ e r ’ s
d o m a i n, the automatic station
is not complete. With this in

m i n d, FD 12P present weather
sensors were installed at three
MILOS500 stations for a test-
ing and development period.
CT25K ceilometers, moreover,
were also included in the frame-
work of the project, the goal of
w h i ch is to develop a fully auto-
matic station. The problem, how-
e v e r, has turned out to be more
complex than expected, and re-
quires extended study. 

Measurements of soil tem-
perature by the ESC 8800 were
affected by an incorrect sensor
design and their short period of
o p e r a t i o n. This is not a problem
with the MILOS500 station.

Precipitation measurements
during the winter are affected
by the heated elements of the
rain gauge, and this can result in
an underestimation of rainfall.

A careful approach to
a u t o m a t i o n

The aim of this article was not
only to describe the progress in
the automation of Slovaki a ’ s
NOS (particularly the automa-
tion of the surface aviation and
synoptic network), but also to
discuss several related issues.

The continuously increasing
demands for regular, timely and
o n -line data from all of Slo-
v a kia’s territory are the main
driving force behind the auto-
mation and restructuring of
NOS operations. Even so, auto-
mation should be implemented
v e ry carefully with respect to
current limitations and oppos-
ing trends.

One of these issues is the
c o n s e rvative approach required
on the part of climatology. Th i s
is why the Partial Observ i n g
System for climatology will be
the last to be automated. Ev e n
t h e n, a substantial number of
stations will maintain their old
instrumentation and observ i n g
m e t h o d s. A long-term compari-
son of data from automatic sta-
tions and classical instrumenta-
tion has been initiated for this
r e a s o n. Negotiations are being
held with Va i sala to take part in
this project.

Figure 3. The Ko l i ba Observatory in Slovakia.

■
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espite the termina-
tion of the Omega
N a v i gation System o n
30 September 19 97,

t h e r e is continuing interest in
the use of terrestrial naviga t i o n
aids (N a v a i d) for windfinding.
This is partly due to the lower
cost for radiosondes compared
with GPS systems.

L o r a n -C and differential L o-
r a n -C in particular provide ex-
cellent accuracy, exceeding num-
erical forecast requirements.
The accuracy of the Va i sala Lo-
r a n -C is comparable to GPS
and precision radars (ref. 1, ref.
8, ref. 9).

V L F-Navaid (Alpha+Com
VLF) provides sustained wind-
finding accuracy that meets nu-
merical forecast requirements.

Windfinding accuracy and the
effect of sounding geometry on
windfinding are discussed in the
following article. The findings
are based on a series of triple
soundings and the analysis of the
windfinding accuracy of Loran-
C, Omega and VLF-N a v a i d
(O m e ga+ Alpha+Com VLF) .

Windfinding accuracy

The accuracy of windfinding sys-
tems can be affected by many
f a c t o r s, including the atmos-
phere, climate, time of the day,
time of the year, signal propaga-
tion direction, the ch a r a c t e r i s-
tics of the propagation path,
system electronics, system soft-
ware and the geometry of the
system transmission stations
and receivers. 

Although most of these influ-
ences cannot be controlled,
their effect on the windfinding
solution can be estimated.

Detailed accuracy
e s t i m a t i o n s

The accuracy estimates present-
ed in this article are based on
the master’s thesis of Erkka Pälä
(ref. 9), which contains a de-
tailed mathematical analysis of
data from a series of triple
s o u n d i n g s.

Of all the windfinding accu-
r a cy estimation systems report-
ed to date, most have been based
on the use of a stationary refer-
ence method such as precision
r a d a r s. The ultimate objective of
the current study was to devel-
op a spatially and temporally in-
dependent measuring system
that could be used anytime and
a nywhere without the need for
a stationary reference method.

Wind data can be expressed
in the form of two vector com-
ponents: north wind compo-
nent and east wind component
(N and E quantities, respective-

ly). As Figure 1 illustrates, wind
speed (magnitude) and wind
direction can be calculated
from these two components.
The procedure presented here
produces accuracy estimates for
all four wind quantities, provid-
ing a method independent of
location for determining the
a c c u r a cy of different windfind-
ing methods.

The effect of sounding
g eo m e t r y

The location of the naviga t i o n
transmitters relative to the radio-
sonde can have a significant effect
on windfinding. It is therefore
v e ry useful to be able to esti-
mate the feasibility of windfind-
ing at a particular sounding sta-
t i o n.

The common practice is to
use Dilution of Precision
(DOP) factors to describe the
effect of the geometric transmit-
ter distribution on the accuracy
obtained for the windfinding
s o l u t i o n. 

[1] = DOP • 0

where 0 denotes the stand-
ard deviation of the observ e d
p s e u d o -r a n g e s, and is the
standard deviation of the hori-
zontal or vertical precision, for
example. A discussion of DOP
factors can be found in Leick
(ref. 7).

As the above equation clearly
s h o w s, a small DOP factor is pref-
erable. The higher the DOP, the
greater the noise in the wind-
finding solution, and after a cer-
tain point the windfinding solu-
tion becomes unstable.

An estimate of good and bad
DOP can be made by analyzing
a number of successful and un-
successful Loran-C soundings.
This leads to the following rule
of thumb:

Juhana Jaatinen, M. S c. (E n g)
a n d
E r kka Pälä 
Upper Air Division
Va i sala Oy
H e l s i n ki, Finland

Report on the results of comparison tests:

Wi n dfinding Accuracy 
of Te r restrial Nava i d s

DOP Influence in windfinding

< 5 GOOD geometry, reliable winds

> 10 POOR geometry, missing winds

> 20 BAD geometry, probably no wind

D

Figure 1. Variability between the four different wind quantities. Wind error

v e c t o rs start from the origin.

Table 1. Dilution of Precision (DOP) rule of thumb.

Terrestrial naviga t i o n
aids (N a v a i d) are still

an attractive option for
w i n d f i n d i n g. The mer-
its of various Navaids,
as determined on the

basis of comparison
t e s t s, are discussed

b e l o w. Loran-C and
V L F-Navaid windfind-

ing systems were
included in the study.
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From experience, it is also
known that the DOP is below
three in a GPS-sounding with
good geometry.

Figures 2–7 give three exam-
ples of different transmitter dis-
t r i b u t i o n s. The horizontal dilu-
tion of precision (HDOP) de-
scribes the effect of the geomet-
ric transmitter configuration on
windfinding accuracy. Two fig-
ures illustrate each example.

Figure 2 shows the transmit-
ter locations with respect to the
sounding station. This is an
ideal case, with transmitters situ-
ated all around the sounding
s t a t i o n.

Figure 5 shows the corre-
sponding horizontal dilution of
precision (HDOP). The sound-
ing station is located in the cen-
ter of the graph. The dilution of
precision is calculated at several
locations around the sounding
s t a t i o n. This 200 km x 200 km
area forms the grid on the
g r a p h.

Figure 3. When all the avail-
able transmitters are facing in one
d i r e c t i o n, the sounding geome-
t ry may become a problem. Th e
smaller the angle, the worse the
s i t u a t i o n.

Figure 6. As the radiosonde
moves to the nort hw e s t, there is
a steady decrease in the angle
formed with the transmitters.
This causes the horizontal dilu-
tion of precision to increase.

Figure 4. The last example is
even more drastic. As the radio-
sonde moves to the west, the
6731 -M and 6731-X Lessay ch a i n
transmitters finally fall on the
same line when viewed from the
radiosonde receiver.

Figure 7. When this happens,
the horizontal dilution of preci-
sion increases to infinity, and
windfinding becomes impos-
sible. During easterly winds,
severe windfinding problems
could be expected with this set
of transmitters. 

Optimum transmitter sets are
not always available. Serv i c e
b r e a ks and bad radio propaga-
tion conditions may result in
missing transmitters, and this
has an immediate effect on the
sounding geometry.

Procedure for 
estimating accuracy

The procedure for estimating ac-
c u r a cy is based on a compari-

son of the estimation method
data with accurate reference
d a t a. In the first phase of the
procedure, the accuracy of the
reference method is verified.

In the second phase, two
simultaneous data sets are ac-
q u i r e d, one from the reference
radiosonde and the other from
the radiosonde being evaluated.
This simultaneous data acquisi-
tion is achieved with a double
sounding with the estimate and
reference radiosonde.

F i n a l l y, during the third phase,
the difference calculated from
the double sounding results is
combined with the previously
determined reference method
a c c u r a cy to evaluate the wind-
finding accuracy of the estima-
tion method.

Choosing the best
reference method

The Global Positioning System
meets all the critical criteria for
a reference method, offering ac-
c u r a cy, continuous availability,
worldwide coverage and unbi-
ased estimates. This does not
exclude the use of other refer-
ence methods with this proce-
dure if required. Loran-C is also
a feasible alternative.

There are three ways to calcu-
late the windfinding accuracy of

the reference system. The first
option is to calculate the accu-
r a cy using the residuals of the
G PS windfinding solution. Th e
second option is to make a dou-
ble sounding with two reference
type radiosondes, and the third
is to make a zero wind measure-
ment with the reference type
r a d i o s o n d e .

G PS residuals should be used
if reliable reception from five or
more satellites is possible dur-
ing most of the sounding time.

Options two or three should
be used with Loran-C and other
reference methods. The sa m e
applies to GPS residuals if only
four satellites can be received at
the time of the reference accu-
r a cy measurement (simultaneous
reception of transmissions from
four GPS satellites is the mini-
mum requirement for success-
ful GPS windfinding) .

Ze ro wind soundings

Two series of zero wind meas-
urements were completed for
the current study. The first
series was made with a Loran-C
radiosonde (Va i sala RS 8 0 - 18 L )
and the second with a GPS
radiosonde (Va i sala RS 8 0 - 18 G) .

In zero wind soundings, the
radiosonde is attached to a sta-
t i o n a ry pole for the entire dura-

tion of the sounding. Hence,
the name zero wind. Each of
the current soundings lasted for
120 minutes.

GPS residual measure m e n t s

The residual accuracy calcula-
tion method is accurate and
easy to use.

G PS raw wind data, i.e. data
that has not been filtered in any
w a y, is acquired twice a second,
and the GPS windfinding equa-
tion group is solved every time.
The pseudo-range residuals of
this equation group describe
the amount of error, or variabil-
i t y, of the range of the radio-
sonde from each of the sa t e l l i t e s
in the windfinding result.

To obtain the actual wind-
finding variability, the effect of
the satellite geometry at the
time of every windfinding meas-
urement (twice every second)
must be taken into account.

Triple soundings with
G PS, Lo r a n -C and VLF-
N a vaid (O m eg a + A l p h a
+ C o m V L F)

A series of nineteen triple
soundings was made to deter-
mine the accuracy of GPS
windfinding using residual cal-
c u l a t i o n, Loran-C windfinding

Component erro r G PS zero wind G PS re s i d u a l s L o r a n -C zero wind
[m / s] [m / s] [m / s]

N mean 0 . 01 0 . 0 0 0 . 0

N standard deviation 0 . 0 4 0 .13 0 . 4

E mean 0 . 01 0 . 0 0 0 . 0

E standard deviation 0 . 0 4 0 .13 0 . 5

Table 2. Accuracy of the reference method.

Component erro r L o r a n -C O m e g a V L F -Navaid R a d i o t h e o d o l i t e
[m / s] [m / s] [m / s] [m / s]

N mean 0 .1 0 . 6 0 . 5 0 . 4

N standard deviation 0 . 6 1. 8 1. 9 0 . 5

N wind error estimate 0 . 7 2 . 5 2 . 5 1.1

E mean 0 .1 0 . 2 0 . 0 - 0 . 2

E standard deviation 0 . 5 1. 8 2 . 4 0 . 5

E wind error estimate 0 . 6 2 . 2 2 . 4 0 . 8

Table 3. Windfinding accura c y.
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Figure 2. Excellent sounding geometry.

Figure 3. Mediocre sounding geometry.

Figure 4. Poor sounding geometry.

Figure 5. Good dilution of precision.

Figure 6. Mediocre dilution of precision.

Figure 7. Poor dilution of precision.
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and Omega (together with
Alpha and ComVLF) windfind-
i n g. The test series was made
during the last three weeks of
September 19 97. Each sounding
lasted between two and three
h o u r s.

For the triple soundings, the
radiosonde was attached to a
specially designed triangular
frame. This improves the stabil-
ity of the radiosondes and the
quality of GPS reception com-
pared with the traditional string
hanging system (see Figure 8).

Accuracy calculations

In the third and final phase of
the windfinding accuracy calcu-
l a t i o n, the accuracy of the esti-
mation method was determined.

The windfinding results of
the double sounding with refer-
ence (G PS) and estimation
method radiosondes are inde-
pendent in nature. With inde-
pendent measurements, the
variances in windfinding errors
are related to each other as fol-
l o w s :

[2] E

2
= D

2 
– W

2

w h e r e E

2 
is the variance of the

estimation method error, D

2
i s

the variance of the difference of
two windfinding data sets, and

W

2
is the variance of the refer-

ence method error. 
S i m i l a r l y, due to the independ-

ence of the windfinding meth-
o d s, the following holds for the
means of different variabilities:

[3] E = D – W

where E is the mean variabil-
ity of the estimation method
windfinding accuracy, D is the
mean difference of the two
windfinding data sets and  is the
mean variability of the refer-
ence method windfinding accu-
r a cy. If E equals zero, then the
estimation method is unbiased.

Accuracy estimation
r e s u l t s

The accuracy estimation results
are shown in Tables 2 and 3.

R e f e rence method accura c y

G PS residual calculation was
used to estimate the accuracy of
the reference method. For com-
p a r i s o n, a series of GPS zero
wind soundings was also carried
o u t.

A Loran-C zero wind sound-
ing series was made to test the
a c c u r a cy of another reference
method with GPS.

Windfinding accura c y

The results shown here are
deduced based on the average
values for the sounding test
s e r i e s. The typical Loran-C test
sounding geometry is shown in
Figures 2 and 5.

The dilution of precision
(DOP) factor can be used to
estimate the feasibility of Loran-
C or Alpha+ComVLF wind-
finding at a particular sounding
s t a t i o n.

For a comparison with Nav-
a i d -based systems, the accuracy
of the Va i sala radiotheodolite is
also shown. The radiotheodolite
is an independent system using
a low-cost radiosonde. 

In the light of these findings,
the most accurate windfinding
system is GPS, offering a wind-
finding accuracy of 0.1 m/s.
L o r a n -C-based windfinding,
w h i ch offers a windfinding
a c c u r a cy between 0.5–1.0 m/s,
is the second most accurate sys-
t e m. Radiotheodolite windfind-

ing (Va i sala model RT20), pro-
viding an accuracy of 1.0 m/s, is
r a n ked third. Finally, the com-
bined Omega, Alpha and
ComVLF windfinding system
was the most inaccurate of the
systems inv e s t i ga t e d, offering a
windfinding accuracy of 2.0–2.5
m / s. These results are in line
with other findings (ref. 1, ref. 8).

   

    

              

     
          

       
          

         
             

Figure 8. The radiosonde attachment frame used for the triple soundings.

■
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In recent years,
changes in the operat-
ing environment have

set the course of devel-
opment for Va i sa l a ’ s

upper air wind finding
m e t h o d s. The Omega
p h a s e -o u t, for exam-

ple, has prompted an
intense R&D effort, as
well as extensive tests

and studies of the
availability and usa b i l-
ity of alternative wind

finding methods.

his work forms the
basis for recommen-
dations that guaran-
tee a suitable Omega

wind finding replacement for
Va i sala customers worldwide.
Some 600 GPS and nearly 200
L o r a n -C upgrades to Digi-
CORA and MARW IN systems
have been completed in 19 97. 

O m e ga stations throughout
the world ceased operations on
30 September 19 97, at 0300UZ.
The very last Omega sounding
was performed at Va i sala at
05:30 Finnish time. Since then,
all aviation, maritime and me-
teorological users have had to
find alternative solutions for
their navigation and wind find-
ing needs. 

Over 250 upper air stations
in the synoptic network relied
on Omega transmissions in
their operations. If they have
not yet installed an alternative
wind finding method, these sta-
tions can no longer receive wind
d a t a. Omega equipment and ra-

d i osondes can only be used to
acquire pressure, temperature
and humidity (PTU) data. Vai-
sala offers three replacement
solutions for Omega wind find-
ing: Loran-C, GPS, and RT 2 0 .
Where available, the VLF-N a v-
aid network with a GPS back-u p
also provides a low-cost alterna-
t i v e.

High accuracy with
Lo r a n -C 

Where adequate reception is
a v a i lable, Va i sala recommends the
use of Loran-C for wind finding.
This is an attractive alternative 
in No rth America, large areas of
Europe, the Middle East, eastern
China and Japan. Loran-C offers
higher accuracy for about the
same cost as Omega, and is
therefore a suitable replacement
for Omega at sounding stations
with Loran-C coverage, i.e. with-
in range of at least three Loran-C
transmitters with good geom-
e t ry.

Satellite-based GPS

The Global Positioning System
offers truly global coverage and
can be used anywhere. GPS has
proven to be very accurate and
provides the same level of oper-
ational reliability as the Omega
s y s t e m. In part i c u l a r, GPS is a
good solution for sounding sta-
tions in areas without adequate
V L F-Navaid and Loran-C re-
c e p t i o n. The GPS wind finding
m e t h o d, however, translates
into slightly higher operational
costs than Loran-C, RT20 or
V L F-Navaid because the inher-
ent complexity of GPS signals is
reflected in the price of GPS
r a d i o s o n d e s.

Ra d i o t h eodolite wind
f i n d i n g

The RT20 radiotheodolite offers
independence from fixed navi-
gation systems. While especial-
ly suitable for mobile systems,
the RT20 can also be used for

Hannu Ka t a j a m ä ki, M. S c. (E n g)
Product Line Manager
Upper Air Division
Va i sala Oy, Finland

Ritva Siika m ä ki, M. A.
Ad v e rtising Editor
Upper Air Division
Va i sala Oy, Finland Replacement 

Systems for Omega
Wind Measure m e n t

                    

   

   

   

   

 

  

  

  

  

  

              

                         

                                    

                                     

                                                  
                                                    
                                                  
                                                  
                                         
                                    

                          

                                                       

                               
               

                           

L o ra n -C coverage throughout the wo r l d.

T

Number of available stations, accuracy -2 — +2
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he eight-member Te ch-
nical Support team in
the Upper Air Divi-
sion (UA D) inc l u d e s

Olavi A l a n ko, Aleksander Bon-
d a r e n ko, Jarmo Franssila, Markku
J ä rv i n e n, Ismo Ku p i a i n e n, Jarmo
M o n o n e n and Mikko Niininen.
Keijo Mesiäinen, a former team
member and familiar face to
m a ny Va i sala customers over the
past forty years, retired on 1 No-
vember 19 97. 

Te chnical Support personnel
are specialists in system engin e e r-
ing fields, with expertise coveri n g
a u t o s o n d e s, radiotheodolites, spe-
cial sensors, etc. They also kn o w
the basics of all Va i sala’s upper
air observation products. Eng-
l i s h, Va i sala’s corporate lan-
guage, is the main language used
for communication with custom-
e r s, although some team m e m-
bers also speak French, G e rm a n,
S p a n i s h, Russian, Swedish and o f
course Finnish.

Using Lo ra n -C fo r
Upper Air Wi n d s
The article ‘Countdown to Omega Te r m i n a t i o n
Continues’ that appeared in the 14 2 /19 97 issue of
Va i sala News provided a list of alternatives for
obtaining upper air winds following termination of
the worldwide Omega navigation system. Omega
transmissions ceased on 30 September 19 97, after
providing signals used by upper air windfinders for
more than 25 years.

In the article, the use of Loran-C, a long-range but
regional radionavigation system, was cited as one of
the attractive options that could be used where cov-
erage is available. Unfort u n a t e l y, during the editing
p r o c e s s, the use of Loran-C was described as being a
‘more uncertain’ option while the original text stat-
ed that the Loran-C option was one ‘that has more
c e rtainty’. We apologize for this error.

Winds determined using Loran-C are generally
more accurate than those obtained by Omega, but
u n l i ke Omega, whose signals could be received
worldwide, Loran-C coverage is regional. Th e
No rt hwest Europe Loran-C System (NEL S) is
expected to be fully operational in 1998, and plan-
ning is in progress to extend this coverage to the east
and into the Mediterranean region using Chayka,
the compatible Russian system. The European
U n i o n, in a 1992 resolution, calls for Loran-C in the
future mix of radionavigation systems, and this is
reflected in the European Ra d i o n a v i gation Plan cur-
rently in preparation. The Loran-C Far East
Ra d i o N a v i gation System (FERNS) which China,
K o r e a, Japan and Russia operate jointly continues to
be upgraded. Loran-C is also operating in other
p a rts of the world, including Canada and India.

The Loran-C picture in the United States is still
u n c e rtain and confusing. The 1996 Federal Ra d i o-
n a v i gation Plan released in hard copy in September
19 97 continues to state that Loran-C will be termi-
nated in the United States in the year 2000, but the
U. S. Congress has appropriated funds and stipulat-
ed that the Department of Tr a n s p o rtation upgrade
the transmitting stations and plan for operation after
the year 2000. Congressionally mandated report s
defining this plan are in preparation for submission
to Congress within the next six months.

Where coverage is available, Loran-C provides
wind finding capability at a cost comparable to that
of Omega. The alternatives are to use GPS at a high-
er cost or the more traditional method using the
r a d i o t h e o d o l i t e .

John M. Beuke r s
B. S c. (E n g. )
F l o r i d a, US A

The Te chnical Support
team from Va i sa l a ’ s

Upper Air Division plays
a key role in after sa l e s

p r o c e s s e s. The team helps
customers with tech n i c a l

issues related to the
i n s t a l l a t i o n, operation,

use and maintenance of
their upper air systems.

Customer feedback is
critically important to the

entire team, which is
committed to providing

comprehensive serv i c e
and support to customers

w o r l d w i d e .

Ve sa Koivula, M. S c. (E n g)
Te chnical Support Manager
Upper Air Division
Va i sala Oy, Finland

synoptic observ a t i o n s. The price
of the ground equipment is
h i g h e r, and the upgrading pro-
cess is more complex than the
c a r d -based MW upgrades for
L o r a n -C and GPS wind find-
i n g. The cost for radiosondes,
h o w e v e r, is lower with an RT 2 0
s y s t e m. For sounding stations
outside Loran-C and VLF-
Navaid reception, an upgrade
to GPS or RT 20 is recom-
m e n d e d.

V L F -N a vaid option

V L F-Navaid transmissions are
available in some areas. From
the user’s standpoint, however,
V L F-Navaid wind finding
based on the simultaneous use
of the Russian Alpha and Com-
m u n i c a t i o n s -VLF (C o m V L F) is
not sufficiently dependable.
Continuous wind data avail-
ability cannot be guaranteed
because of maintenance breaks
in the Alpha system and the
intermittent transmissions of
the ComVLF system. For these
r e a s o n s, Va i sala discourages
complete reliance on VLF-N a v-
aid for wind finding and rec-
ommends the use of Loran-C ,
G PS or RT20 as either a prima-
ry or backup system. VLF-
Navaid may be used as the pri-
m a ry system in Alaska, Canada
and northern Asia.

Flexible upgrades 

A ny Va i sala DigiCORA or
M A RW IN system can be up-
graded for GPS, Loran-C or
radiotheodolite wind finding.
The upgrade includes either a
G PS or Loran-C receiver &
processor module that is
mounted inside the DigiCORA
and MARW IN frame. All nec-
e s sa ry cables, connectors and
tools are included in the up-
grade set, along with easy-t o -f o l-
low instructions. The upgrade i s
extremely easy to carry out,
even for less experienced opera-
t o r s. Radiotheodolite upgrades
are more complex, and we rec-
ommend that Va i sala’s trained
personnel perform them. For
f u rther information, please con-
tact Upper Air Division’s Te ch-
nical Support, tel. +358 9 8949
345, e-mail tech u a d @ v a i sa l a. c o m.

T

■
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internal training procedure.
After completion of these tests,
i n -house studies and internal
training by R&D specialists, the
next step is to provide customer
t r a i n i n g. These courses are con-
ducted by Va i sala’s system engi-
neers at Va i sala Helsinki or the
customer’s premises.

Before a delivery, the Te ch-
nical Support team also part i c i-
pates in the Factory Acceptance
Test performed at Va i sa l a. If an
installation is needed at the cus-
tomer’s site, a system engineer
travels to the sounding station
for the Site Acceptance Te s t.
Most of the team’s system engi-
neers put in more than 100 trav-
el days per year.

Equipment upgrades
wo r l d w i d e

The Omega Navigation Ne t-
work ceased transmissions on
30 September 19 97. Since then,
the UAD’s Te chnical Support
team has been extremely busy,

upgrading customers’ sounding
equipment throughout the
world – in Europe, Asia, Africa,
Australia and the Americas.
This huge upgrading project has
required extra resources, and for
this reason, UAD’s R&D and
p r oduction people have stepped
in to visit and upgrade sound-
ing stations. This has also given
them the opportunity to see the
customers’ applications on site.

Va i sala supports four options
for replacing Omega wind find-
ing: GPS, Loran-C, VLF-
Navaid and the RT20 radio-
theodolite. Typically, the up-
grade takes just a few hours,
depending on the ground equip-
ment model and level of cus-
t o m i z a t i o n. Ve ry often, it in-
volves the installation of other
s y s t e m s, including PCs with
Metgraph software, for exam-
p l e .

The upgrade procedure, which
covers both hardware and soft-
ware, is very well documented
in the upgrade manuals. Th e
old Omega -based hardware is
r e m o v e d, and new wind cards,

cables and antennas are
i n s t a l l e d, as well as new soft-
ware with all the necessa ry
o p t i o n s. All the standard fea-
tures of Va i sala’s latest software
release are also included in the
upgrade. The system engineer
always makes sure that the
sounding station is operational
after modifications, the first
test soundings are made during
his visit.

Customer training is often ar-
ranged at the same time. Th e r e
are several operating differ-
ences between various wind
finding methods, so this is a
good opportunity to provide
maintenance and other train-
ing for local staff.

Help line and e-mail
c o n t a c t s

The Va i sala Upper Air Divi-
sion’s Te chnical Support team
operates a help line to provide
customer assistance with tech-
nical issues. Customers can
also contact Va i sala’s operator,
who will connect them with
the help line. The line is staffed
during office hours, and night
callers can leave a message in
the voice mail box. All mes-
sages are answered as soon as
p o s s i b l e .

Introducing Technical Support:

C o m p re h e n s i ve
Service for Upper Air

Weather Systems

E x t e n s i ve testing
p r o c e s s

Thorough testing is conducted
before a product or system is
released for customer use.
During the release test, which
t a kes several weeks, Te ch n i c a l
S u p p o rt staff ch e ck the new
software and carry out sound-
ings with the complete ground
equipment system and all com-
binations of wind measure-
m e n t s. Ev e ry effort is made to
ensure that all products have
been thoroughly tested before
d e l i v e ry to the customer’s site.
The release test is also an inte-
gral part of Te chnical Support ’ s

From the left :

Aleksander Bo n d a r e n k o

and Jarmo Fra n s s i l a.

UAD Te chnical Support
Help Line phone number:
+358 9 8949 345
E-mail address:
u a d t e ch @ v a i s a l a. c o m
Telefax +358 9 8949 252

From the left: Ismo Kupiainen and

Mikko Niininen.

■

The Te chnical Support team, from the front: Vesa Ko i v u l a, Markku Järvinen,

Aleksander Bo n d a r e n k o, Jarmo Mononen and Olavi Alanko.
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Electricity Company and Cro-
atian Army, have mainly ordered
meteorological equipment. Sales
of measurement instruments,
h o w e v e r, are also growing.

Full service guarantees
customer satisfaction

Program Manager Zeljko Baš ić
is one of the company’s thir-
teen employees. “We try to
form as close a connection be-
tween the end user and Va i sa l a

as possible. We are also com-
mitted to understanding our
customers’ needs and offering
them the best possible tech n i c a l
s o l u t i o n. After the equipment
has been delivered and in-
s t a l l e d, we provide assistance
with equipment service and
maintenance. In this respect,
our cooperation with Va i sa l a
has been very successful,” sa y s
M r. Baš ić .

“Zagrel is a technically strong
c o m p a ny, so we can offer full
s e rvice. In our view, this is the
best way to satisfy our cus-
t o m e r s. ”

M r. Domac is confident
about Va i sala’s future in Croa-
t i a. To d a y, the market growth
reflects increasing demand for
advanced measurement systems.
“ Va i sala’s research and develop-
ment work is thorough and ex-
tensive, and the company plays
a leading role in the world mar-
ke t. We can learn a lot from
Va i sa l a, but I hope this process
is a two-way street, with both
p a rties learning from each other
and raising the level of cus-
tomer satisfaction even higher. ”

agrel d. o. o. was foun-
ded in 19 91 and has
been Va i sala’s repre-
sentative in Croatia

ever since. The connection be-
tween Zagrel and Va i sa l a, how-
e v e r, dates back much fart h e r.
Z e l j ko Baš ić, now Program Ma-
nager at Zagrel, visited Va i sa l a
in 1982 when he was still work-
ing for the Croatian Hydrome-
teorological Service. This was
the start of the warm relation-
ship between the two compa-
n i e s.

“ M r. Jussi Paananen and Mr.
Ismo Kupiainen are my oldest
contacts at Va i sala and also my
f r i e n d s. Jussi even calls me ‘his
best long-term inv e s t m e n t ’ , ”
says Mr. Baš ić with a smile.

Zagrel focuses on
control and automation

Zagrel is a private company
with offices in the center of
Zagreb. The company’s activ-
ities cover a wide range, includ-
ing the engineering, develop-
m e n t, production, marke t i n g
and servicing of electronic 
equipment and mach i n e ry. 

Zagrel’s main focus is on re-
mote control and telemetric s y s-

The upper old town of Zagreb .

The Customer Comes First at Zagre l
Strong confidence in the growth of the Croatian

m a r ke t, Va i sala’s products and a successful future –
these are the underlying beliefs at Zagrel, Va i sa l a ’ s
representative in Croatia. Backed up by its tech n i-
cal strengths, Zagrel can provide customers with

full service as well as high-quality products.

tems for hy d r o t e ch n i c a l, water
s u p p l y, electric power and
radio communication systems,
as well as radio networks. In-
dustrial automation and meas-
urements also account for a
major part of their business.
Va i sala is one of Zagrel’s most
i m p o rtant part n e r s.

To date, Zagrel’s largest Va i-
sala customers, including the
Croatian Air Traffic Safety
A u t h o r i t y, Meteorological and
Hydrological Service, National

C roatia Upgrading Its Met

“Our cooperation with Vaisala ha s

been very successful,” comments Mr.

Baš ić, Program Manager from

Z a g r e l.

Z

Tomislav Do m a c, Director of

Z a g r e l, believes in the continuing

success of Vaisala’s products in the

C r oatian market.

■

Marit Finne
E d i t o r -i n -C h i e f
Va i sala Ne w s
Va i sala Oy, Finland
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Va i sala and the Croatian Meteorological and
Hydrological Service (MHS) have worke d

together in the fields of upper air and surf a c e
weather observations for more than a decade. In
1994, the Finnish Meteorological Institute (F MI)
donated ground equipment to the MHS. After
Va i sala refurbished the system, it was presented

to the MHS in February 19 9 5 .

roatia has had an
o r ganized meteoro-
logical observ a t i o n
system for over 15 0

y e a r s. The predecessor of the
Croatian Meteorological and
H y d r ological Service (MHS)
was founded in 19 47, so 19 97
m a r ked their 50-year jubilee.

The Meteorological and 
Hydrological Service is the main
meteorological authority in Croa-
t i a. It is involved in all aspects
of meteorology, from weather
forecasting and hydrology to
a g r o m e t e o r o l o g y, marine me-
t e o r o l o g y, research and hail
s u p p r e s s i o n.

M HS: Ready for Future Challenges

A balloon launch at the

Z a g r e b – Maksimir Observatory.

From the left: Mr. Milan Filipč ić

(head of the observatory) and Mr.

Ivica Dundović .

ground equipment have been
key Va i sala products for MHS.

Va i sala also gave presenta-
tions about upper-air and sur-
face meteorological instru-
ments in the mid-19 8 0 s. In
1995, a MILOS500 automatic
weather station was sited at the
Z a g r e b – M a ksimir Meteorologi-
cal and Aerological Observ a-
t o ry for six months, as part of  a
p r e s e n t a t i o n.

The observational network of
meteorological stations in Croa-
tia is defined in accordance with
W MO guidelines and generates
all the measurements required
for meteorological data ex-
change. The network has not yet
been fully automated.

In the future, there are plans
to build one radiosounding sta-
tion in Zagreb, two stations
along the Adriatic coast and one
in Slavonski Brod.

Ground equipment 
from FMI

The Finnish Meteorological In-
stitute (F MI) donated a M i c r o -
CORA system to the MHS a t
the end of 1994. The ground
equipment had been in use at
the Jo kioinen Observ a t o ry,
F i n l a n d, and after refurbishing
at Va i sa l a, it was presented to
the MHS in February 19 9 5 .

D r. Erkki Jatila from FMI and
M r. Jussi Paananen from Va i sa l a
played an active role in arranging
the donation. Va i sala also pro-

Zvonimir Ka t uš i n
Assistant Director
Meteorological and
Hydrological Serv i c e
Zagreb, Croatia

As soon as MHS became a
member of the World Meteoro-
logical Organization in 1992, it
b e gan to establish close links
with other WMO members, es-
pecially in Europe, to exch a n g e
data and experiences. 

Cooperation for 
over ten years 

Va i sala’s first contact with the
MHS was in 1984, when Mr.
Jussi Paananen gave a presenta-
tion about Va i sala’s radiosound-
ing equipment. MHS began to
use Va i sala radiosondes in 19 9 5 ,
and ever since, radiosondes and

 Meteorological Systems

C
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The growth of tourism
in Croatia is generat-

ing more air traffic. To
help ensure passenger

sa f e t y, the country ’ s
eight international air-
p o rts need up-t o -d a t e

i n s t r u m e n t a t i o n. Since
1994, the Croatian Air

Traffic Serv i c e s
Authority has relied

on Va i sala instruments.

roatia is a beautiful
Mediterranean coun-
t ry and an increas-
ingly popular tourist

d e s t i n a t i o n. To d a y, the country
has eight international airport s,
most of them on the Ad r i a t i c
C o a s t, as well as some smaller
a i r p o rts for general aviation.
With the growing number of
tourists visiting the country, the
a i r p o rts must be prepared to
handle the increase in air traffic.
The number of airport s, more-
o v e r, particularly small ones, is
also expected to grow. 

The Croatian Air Traffic Ser-
vices Authority (CATS A) is part
of the Ministry of Maritime
A f f a i r s, Tr a n s p o rt and Com-
m u n i c a t i o n s. Along with its
management and area control
s e rvice center in Zagreb,
CATSA has airport control ser-
vice centers at each airport. All
air traffic services in Croatia are
handled by CATS A, which is a
complex organization with re-
sponsibility for managing the
operations in the units of the
Air Traffic Service (ATS), Aero-
nautical Meteorology and Te ch-
nical Division. Mr. Drazen
Ra m l j a k, Director General,
manages the organization with
the help of three Deputy
D i r e c t o r s, Mr. Vlado Bracevic
( ATS), Ms. Bozica Gelo (MET ) ,
and Mr. Franjo Kiseli (Te ch n i c a l
S u p p o rt). 

Compliance with ICAO regu-
lations for flight passenger sa f e t y
is also in the hands of CATS A.
M s. Aleksandra Kr ašovec heads
CATS A’s Navigation and Me-
teorology Department within

the Technical Division. The
d e p a rtment is responsible for
installing and maintaining the
n a v i gation and meteorological
equipment at the Zagreb airport.
They also help other airport s
solve any equipment problems
that may arise. In cooperation
with his technical colleagues,
M r. Miroslav Jalacic, Meteorolo-
g i s t, coordinates all calibration
and maintenance of meteorolog-
ical equipment. 

Quality costs less 
in the long run

Va i sala made its first product
presentation to CATSA in Zagreb
in 1992. The first purchases were

made soon after, and Va i sa l a
WA D 21M wind systems were
installed at the Dubrovnik,
Split and Zagreb airport s.

Product quality was the focus
of special attention in the selec-
tion of the Va i sala products. As
M s. Kr ašovec explains: “Good
quality is less expensive in the
long run. While the price may
be higher to start with, you can
count on quality later on. ”
CATSA also has a policy of
buying observation systems

Air Traffic Safety Authority Pre p a res
for Increasing Air Tra f f i c

C ATSA representatives at the Vaisala training course. (from the left): Mr.

Nenad Rodic, Mr. Damir Ko v a c, Mr. Zeljko Knjaz, Mr. Harry Alm and

M s. Liisa Nummela (both from Vaisala), Ms. Aleksandra Kraš o v e c, Mr.

Augustin Kastelan and Mr. Tomislav Ko s t a.

vided training in the use and
maintenance of the Micro-
CORA system to Dr. Kr eš o
Pandzic and Mr. Ivan Šm a l j c e l j
from the Croatian Meteoro-
logical Institute. Mr. Zeljko Baši c
from Zagrel, Va i sala’s distributor
in Croatia, also attended the
training session.

The MicroCORA was start-
ed up on 25 February 19 9 5
after a short ceremony at the
Z a g r e b – M a ksimir Meteorologi-
cal and Aerological Observ a-
t o ry. The ceremony was attend-
ed by Dr. Mikko Alestalo,
Head of the Te chnical Depart-
ment at FMI. Mr. To m i s l a v
V uče t ić, Director; Mr. Mladen
Matvijev, Vice Director; and
M r. Zvonimir Ka t uši n, Assis-
tant Director and Head of the
C l i m a t o l o g i c a l, Meteorological
and Upper Air M e a s u r e m e n t
D e p a rt m e n t, represented the
MHS. Mr. Eero P u h a kka was
on hand from Va isa l a, as well as
Domac Tomislav, Director, and
M r. Zeljko Bašić from Zagrel,
Va i sala’s distributor in Croatia.
The ceremony was also fol-
lowed by everyone from MHS,
the Croatian Army and Cro-
atian Air Traffic Control who is
i nvolved in upper air measure-
m e n t.

Future needs

Now that the Omega system
has been discontinued, MHS is
using Va i sala’s RT20 radio-
theodolite and a 1680 MH z
RS 8 0 - 67 radiosonde at the
Z a g r e b – M a ksimir Observ a t o ry.
L o o king to the future, this
radiosounding system might be
replaced by GPS or Loran-C
wind measurement, after inter-
national tendering.

From the left: Ms. Aleksandra

K raš o v e c, Mr. Zeljko Baš ić, Mr.

Miroslav Jelacic and Ms. Bo z i c a

Gelo at the Zagreb airport.

■
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H rv a t s ka Elekt r o P r i v r e d a, Croatia’s
national electricity company, needs
weather information for planning its
future power and water management sys-
t e m s. The first Va i sala automatic weather
station (AWS) for this application was
installed at the Pe r uća dam in 19 9 6 .

B r a n ko Grgić, M. S c.
Development Department 
H rv a t s ka ElektroPrivreda d. d.
Zagreb, Croatia

AWS Plays a Key Role in Power and
Water Management

Mr. Branko Gr g ić  stands beside Va i s a l a ’ s

automatic weather station, which is equipped

with a QLI50 sensor collector integrated with

L a b VIEW soft w a r e .

only from well-known and repu-
table manufacturers.

This year, a loan from the
European Bank for Research
and Development made it pos-
sible to order updated AWOS
and RVR systems for the Zag-
reb airport. Aga i n, CATS A
turned to Va i sa l a. ALMOS Sys-
tems from Australia supplied
the central unit and software,
while Va i sala supplied the field
s e n s o r s, including RVR, soft-
ware, anemometers and pres-
sure, temperature and humidity
s e n s o r s.

“ We have found the quality
of the products to be very high,
and we have been happy with
the service, too,” notes Ms.
Kr ašo v e c. “We also have a good
relationship with Zagrel, Va i-
sala’s local representative. Th e y
have been very helpful. ”

Technical training 
in Finland

In the summer of 19 97, a group
of CATS A’s technicians visited
Va i sala to learn more about
their new equipment. Six ex-
p e rts received training in the
i n s t a l l a t i o n, use and mainte-
nance of WAA 15A and WAV 15 A
wind systems, CT12K ceilom-
et e r s, HMP35D humidity and
t e mperature probes, DPA 12 A
p r e ssure transmitters, and
MI T RAS RVR systems. Va i sa l a ’ s
Project Manager Liisa Nummela
was the instructor of the train-
ing course.

A l e ksandra Kr ašovec was
one of the trainees: “In my 22
years at CATS A, I have worn
m a ny hats. In a small orga n i z a-
tion like ours, it is import a n t
for everyone to pitch in when
n e e d e d. I like working in the
f i e l d. It’s the best way to learn
about the equipment. ”

Zagrel did a good job orga n-
izing the training session, in
cooperation with CATSA and
Va i sa l a. According to the train-
e e s, the course was very useful,
thorough and even fun. Ms.
Kr ašovec sums up their feel-
ings: “We were very happy to
see the factory where our prod-
ucts were made. Even the
weather was beautiful. ”

Designed to gather weather information, a Vaisala automatic weather station

was installed at the Pe r uća dam in 19 9 6.

rv a t s ka ElektroPrivreda d. d. is responsible
for electricity generation, transmission
and distribution in Croatia. To plan and
optimize the construction and utilization

of future power and water management systems,  the
c o m p a ny is installing a series of automatic weather
stations (AWS) throughout the country. The climat-
i c, meteorological and hydrological parameters that
the stations collect will be used in system planning.

H rv a t s ka Elektroprivreda d. d. operates under the
s u p e rvision of Croatian government authorities.

AWS helps determine rainfall and runoff

The first new weather station was installed in 1996 at
the Pe r uća dam, which had been severely damaged
during the recent civil war. The installation of the sta-
tion coincided with the start of dam repairs. No w
fully operational, the station gathers data used to
determine the relationship between rainfall and
runoff in the dam catchment area.

Va i sala’s automatic weather station is equipped
with a QLI50 sensor collector integrated with
La b V IEW software. This combination is a flexible
and accurate tool for comprehensive data acquisition
and analysis. Good references and the high quality of
Va i sala’s equipment were deciding factors in
H rv a t s ka Elekt r oPrivreda’s choice. As they report, the
system seems to be very solid and up-t o -date, based
on their experiences so far.

First of five installations

The Pe r uća dam is the first in a
series of five installations plan-
ned in Croatia. Hrv a t s ka
E l e ktroPrivreda intends to
ch a rt the meteorological and
hydrological characteristics of
the entire region, which covers
the Cetina, Kr ka and Zrmanja
river basin. To complete the sys-
t e m, four more weather sta-
tions will be needed in the near
f u t u r e .

H

■
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Jarmo Mononen from Vaisala provided operator training in the use of the

RT20 radiotheodolite at the Center of Strategic Studies. From the left (the firs t

row): Mr. Zeljko Baš ić (Zagrel), Ms. Dunja Plaćko (HQ Meteo), Mr. Ja r m o

Mononen (Vaisala); a group of opera t o rs and military personnel stand behind

t h e m.

The Croatian Army is
dedicated to develop-

ing its personnel,
equipment and pro-

cedures to a high op-
erational level. Th e

procurement of reli-
able meteorological

measurement equip-
ment is one aspect of

this development
e f f o rt. Va i sala’s RT 2 0
radiotheodolite met

the army’s need for an
e a s y -t o -use, easy-t o -

t r a n s p o rt system that
w o r ks in any weather

c o n d i t i o n s, day or
n i g h t.

ince then, the Cen-
ter of Strategic Stud-
i es (CSI) has been
c o ntributing to the

a r my ’s development. The cen-
ter’s long-term aim is to become
a military research and develop-
ment institution specializing in
m i l i t a ry tech n o l o g y. Studies
that are critical to defence and
the armed forces, and to nation-
al and global security are among
CSI’s activities.

F i s t o n ić I g o r, M. S c., M. E n g.
H e a d m a s t e r, Briga d i e r
Center for Strategic Studies,
M i n i s t ry of Defence
C r o a t i a

RT20 Radiotheodolite 
Stands Up to Harsh Field Conditions

The Croatian Army gives high

marks to the all-weather reliability

of Vaisala’s RT20 ra d i o t h e o d o l i t e .

S

Demanding 
m easurements 
in the field

The Croatian Army needed
equipment to measure meteo-
rological parameters – includ-
ing temperature, humidity,
pressure, wind direction and
wind speed – at altitudes of up
to 20,000 meters. In 1994, local
M i n i s t ry of Defence expert s
and experts from the State
Meteorological Institute joined
forces to determine the best
measurement solution.

They decided on Va i sa l a ’ s
RT20 radiotheodolite. Th i s
choice was based on the RT 2 0 ’ s
measurement capability in all
weather conditions and during
the night, and its easy assembly
and transport a t i o n. The passive
measuring method of the RT 2 0
and the relatively low probabil-
ity of jamming – by radar or
radio stations – were also sig-
nificant factors in their deci-
s i o n. It takes just one or two
people to operate the RT 2 0 ,
and the learning time is short.

Multiple uses in the
i n f a n t r y, navy and air
f o r c e

The Croatian military has
found many different uses for
the RT20 radiotheodolite – by
the infantry, navy and air force
a l i ke. Examples include the
measurement of atmospheric
conditions for art i l l e ry and
r o cket launch practices.

Strong winds create danger-
ous turbulence, so wind infor-
mation is particularly impor-
tant for the air force. The RT 2 0
can also be used to determine
the chance of freezing, which is
another benefit of meteorologi-
cal measurements for flight ap-
p l i c a t i o n s. Based on this infor-
m a t i o n, airplanes can be pre-
pared for flight accordingly.

The meteorological data is
also used in the development
of long-term and short -t e r m
f o r e c a s t s, and to determine the
atmospheric conditions for
d e c i s i o n -m a king in extreme
weather conditions and ecologi-
cal catastrophes.

Tested reliability

Va i sala’s RT20 radiotheodolite
enables highly sophisticated in-
formation processing of wind,
pressure, humidity and tem-
p e r a t u re readings. The infor-
mation can be displayed, and
the output can be produced in
the desired format and medium.

The RT20 has been tested in
the harshest field conditions.
Poor visibility and severe weath-
er conditions have not affected
the operation of this advanced
and reliable radiotheodolite.

Vaisala News 146/97 Final  7.1.1998 10:04  Page 46



47146/1997

The award ceremony was held in November 19 97 at the headquarters of the

Bureau of Meteorology in Me l bourne. From the left: Dr. John W. Zillman,

Professor G. O . P. Oba s i, Dr. Bruce W. Fo r g a n, Ho n. Senator Ian

Ma c Do n a l d, and Mr. Pekka Ke t o n e n. 

D r. Bruce W. Forgan from the Australian Bureau
of Meteorology won the 12th Professor Vi l h o
Va i sala Award. His new method improves the

a c c u r a cy of solar radiation measurements, which
are a critical tool in climate research. 

r. Forgan’s winning
paper was published
in the highly rega r d-
ed Journal of Atmos-

pheric and Oceanographic Te ch-
nology in June 1996. “The paper
provides a detailed description
of a powerful but simple tech-
nique that produces highly ac-
curate pyranometer calibrations.
Pyranometers are used world-
wide for measuring solar radia-
t i o n. The newly developed meth-
o d, which can be applied to cali-
bration centers, is easier and
cheaper to use than the previ-
ous method,” says Professor
O b a s i, Secretary -General of
W MO .

Results from models and
field calibrations have shown
that the uncertainties of Dr.
F o r gan’s method are less than 1
per cent for solar zenith angles
less than 75 degrees. By using his
m e t h o d, the accuracy of solar
radiation measurements within
operational networks can be im-

p r o v e d. This is an import a n t
advantage for all applications of
radiation data, especially in the
field of climate research, where
the precise determination of the
radiation balance is essential.

The award ceremony was held
in November 19 97 at the head-
q u a rters of the Bureau of Me-
teorology (B o M) in Melbourne.
Professor Obasi presented the
award to Dr. Forga n. The Hon.
Senator Ian MacDonald,
P a r l i a m e n t a ry Secretary of the
BoM; Dr. John W. Zillman,
President of WMO and Pe r-
manent WMO Representative
from Australia; and Mr. Pe kka
K e t o n e n, President and CEO
of Va i sa l a, were also present at
the ceremony.

The Professor Vilho Va i sa l a
Award was established in 19 8 5
to promote WMO’s work and
commemorate the late Pro-
fessor Vilho Väisälä. The Wo r l d
Meteorological Orga n i z a t i o n
grants this award every year to a
distinguished researcher who
has successfully used weather
instruments and observ a t i o n
methods to support WMO pro-
g r a m s. The winner is selected by
the WMO Executive Council.
The award consists of a diplo-
m a, medal and cash award.

Dr. Bruce W. Forgan wins the 12th Professor Vilho Vaisala Award:

New Calibration Method for 
R e fe rence and Field Pyra n o m e t e r s

The market for com-
mercial launch serv i c e s
is growing rapidly. Th e
new ‘Sea La u n ch’ joint

venture has already
secured 18 orders for

satellite launches from
global telecommunica-

tions companies.
Va i sala upper air

sounding systems and
automatic weather sta-

tions will provide accu-
rate meteorological

data for the launch e s.

Pe kka Kostamo, B. S c. (E n g. )
Development Director
Va i sala Oy, Finland

Sea Launch Meets the
G rowing Need fo r

C o m m e rcial Sa t e l l i t e
Launch Se r v i c e s

eteorological infor-
mation is critically im-
p o rtant for success-
ful space launch e s.

Th a n ks to their compact size,
high level of automation, prov-
en reliability in marine env i-
ronments and low lifecy c l e
c o s t s, Va i sala meteorological
systems are well suited to this
demanding application. Th e s e
benefits contributed to the
choice of Va i sala upper air
sounding systems and automat-
ic weather stations for the ‘Sea
La u n ch’ commercial sa t e l l i t e
l a u n ching facility.

The first satellite launch,
s cheduled for October 19 9 8 ,
will be carried out at a launch
platform in the Pacific, approxi-
mately 1,500 miles south of
H a w a i i. The home port for the
Sea La u n ch operations is Long
B e a ch, California.

Sea La u n ch is a major joint
venture formed to serve the
rapidly growing market for
commercial launch serv i c e s.
The four joint venture part n e r s

are Boeing Commercial Space
C o., which is the system inte-
grator and overall operations
manager; Kvaerner Maritime
A /S of No rw a y, which is
responsible for the marine ele-
ments of the project; KB
Y u z h n o y e /PO of the Ukr a i n e ,
w h i ch is supplying the two-
stage Zenith launch vehicle;
and RSC Energia of Russia,
w h i ch is contributing the upper
r o cket stage and launch opera-
tion serv i c e s.

Along with the specialized
p o rt in Long Beach, the Sea
La u n ch facilities also comprise
a conv e rted off-shore semi-s u b-
mersible launching platform
and a specially built Assembly
and Command Ship. The ship
will transport the launch vehi-
cles and satellites from the port
to the platform and serve as the
command center during the
o p e r a t i o n.

The launching system is com-
pact and highly automated. No
personnel will remain on the
l a u n ch platform during lift-o f f .

D
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