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Infra Red Thermal Imaging Cameras as an Observing Tool.

S.J. Keogh, S. Dewey, D. Hatton, D.W. Jones

The Met. Office, Beaufort Park, Easthampstead, Wokingham, RG40 3DN. United Kingdom.

Tel. +44 (0)1344 855828, Fax. +44 (0)1344 855897, Email. skeogh@meto.gov.uk

1. Introduction.

As the need for further automation grows it is
becoming more important to evaluate new ways of
making measurements that are usually performed
subjectively by humans. Observations of cloud type
and cloud cover are usually performed by humans.
This paper describes the work done by The Met.
Office in exploring the potential of infra red (IR)
camera systems that may in future provide 24 hour
observations. These measurements are performed
using visible (Hatton et al, 1998, Rowbottom et al,
1988) and IR images, which are now distributed over
The Met. Office intranet system.

Several types of imaging systems can be employed to
record information about clouds. Visible cameras and
image intensifiers can be used but these require the
scene to be illuminated either by the sun or by a light
source. A near IR image intensifier can have an IR
lamp to illuminate the scene at night but will not
produce images of cloud as this would require an
enormous amount of energy from the lamp to
illuminate the cloud base. Image intensifiers also
exhibit ‘flare’ when a bright object is in the image
frame and can be permanently damaged if the light is
bright enough to saturate the sensor.

Thermal cameras however work on the principle of the
thermal IR radiation emitted from the source. IR
thermography is a passive sensing technique that
requires no illumination of the scene. Thermal IR
cameras therefore work just as well at night as they do
in daylight.

The thermal IR technology utilised in our studies
exploits the 8-14 micron region of the electromagnetic
spectrum. Some thermal IR cameras exploit the 3-5
micron region of the spectrum but these tend to be
used for high temperature applications because the
peak in the thermal emission spectrum shifts to shorter
wavelengths at higher temperatures. In the past
thermal camera systems used cryogenic or Stirling
cycle coolers to reduce the sensor noise but now many
thermal cameras use thermoelectric coolers to stabilise
the sensor at a low temperature. Some manufacturers
refer to these systems as ‘uncooled’ but this simply
implies that no external means of cooling is required.
This is mainly for economic reasons as external
methods such as cryogenics and Stirling cycle coolers
are very expensive to run operationally.

2. The camera systems.

2.1 Initial trials.
Several IR cameras have been evaluated at The Met.
Office experimental site at Beaufort Park over the past
18 months. Two cameras were initially tested which
were manufactured by Inframetrics (now taken over
by FLIR systems) and Raytheon (Dewey, 1999).

2.1.1 Inframetrics thermacam PM 295.
This camera has three fixed calibrated temperature
ranges and we used the -40 to +90 oC range. However,
the camera was modified by the manufacturers to give
lower ‘uncalibrated’ readings down to –60 oC. This
can be important for discriminating between cirrus and
clear sky. The signal in the camera is digitised over
32768 radiance levels. The camera has two forms of
image output - PAL and tgram (tgram requires a
special PC card). The images are also analysed in the
Thermogram software provided by the manufacturers.
The camera has 320x240 pixels.

2.1.2 Raytheon Palm IR 250.
This portable IR camera produces B/W images in
NTSC format only. It allows for contrast adjustment in
the scene but is not capable of radiometry. The camera
has 320x240 pixels.

2.1.3 Initial camera intercomparison.
The two IR cameras were mounted on a pan and tilt
unit along with a visible colour camera, which would
enable the observer to verify the cloud type estimates
in the IR with a visible camera estimate. The IR
camera housings were fitted with germanium
windows.

2.1.4 Results – Palm IR.
The Raytheon Palm IR 250 was not capable of
reporting the temperature of the objects in view
because it is not designed for radiometry. However, it
was quite adequate for the purposes of imaging cloud
and determining cloud cover, although clouds at
different temperatures in different parts of the image
would appear to be at the same temperature due to the
way that the images were scaled. This meant that
inferring cloud height information from the images
was not possible. There was also some ‘fringing’
where there were strong temperature gradients in the
images because of the way the images were processed
by the camera. This is a problem with many camera
systems. An example image from the Raytheon Palm
IR is image 5 in Annex 1.
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2.1.5 Results – Inframetrics PM295.
The Inframetrics PM295 camera produced some
interesting images of cloud structures. Some of these
are shown in images 1-4 in Annex 1. The camera was
also able to produce some quantitative measurements
of scene temperature, although because of radiance
errors arising from the germanium window and
atmospheric attenuation the absolute temperature
estimates from the camera are not reliable.

2.2 The current camera arrangement.
The camera currently being evaluated is a
Thermovision Alert MT (a later version of the
PM295), distributed by FLIR systems. This camera
has a sensor array of 320x240 pixels. It produces an
interpolated PAL output image as well as digital data
via an S-video link. The gain and temperature
measurement range can be adjusted via camera control
software.

The IR camera is mounted next to a visible camera.
This arrangement is shown in figure 1, both the visible
and IR cameras being mounted on a pan and tilt unit.
A PC controls the pan and tilt unit whilst
simultaneously capturing PAL video images from the
cameras using a PC based framegrabber. The PC
produces a suite of IR and visible images that make up
a complete panoramic mosaic of the sky.

Figure 1. Visible and IR camera set-up (arrow).

2.3 Image distribution.
The resulting panorama gives the observer a full
hemispherical view of the sky. The camera images are
then available to observers on The Met. Office
intranet. The images can be transmitted from the
remote site by conventional telephone line, ISDN or
using direct TCP/IP communications.
The camera views can then be accessed easily and
used either as a diagnostic tool to aid forecasters or for
the quality control of observations being remotely and

automatically reported e.g. from an automatic weather
station.

3. Cloud identification.

Fractional cloud type identification can be difficult for
the observer, especially when there are several cloud
layers. This is because the amount of visible radiation
being scattered within the clouds makes it difficult to
detect cloud edges with the human eye. However,
thermal IR cameras view thermal IR radiance. Clouds
at different heights will radiate according to their
temperature. This makes it easier to determine the
location of cloud edges on the thermal IR images than
on visible images. IR cameras are also capable of
seeing cloud structure through haze when an observer
may not be able to see clouds at all.

Several examples of cloud types as viewed in the
thermal IR are shown in images 1-5 (Annex 1) and
described in table 1.

Table 1. Image descriptions.

Example cloud type(s). Image number(s)
Cumulus. 2

Altocumulus 3,4
Stratocumulus/Cirrus 5

Cumulonimbus 1

Cloud cover estimates are an important element of
aviation reports as well as being used by forecasters.
They may also be used to verify the performance of
forecast models. Visual estimates of cloud cover are
error prone because although the observer can report a
cloud cover of 8 octas it can be the case that the IR
camera sees holes in the stratus layer(s). In this
situation the IR camera would provide a more accurate
estimate of fractional cloud cover for different cloud
types and layers. However, it is debatable as to
whether an accuracy of better than 1 octa is useful.

4. Other potential uses for thermal IR cameras.

4.1 Ground temperatures.
Conventional ground temperature measurements are
made using a glass sheathed platinum resistance
thermometer (HMSO – Observers Handbook). These
thermometers are unreliable for measuring ground
minimum temperatures because they are in poor
thermal contact with the ground – particularly in the
case of a grass surface. Thermal cameras offer a non-
contact means of determining the surface temperature.
However, the emissivity of the surface must be known
before the surface temperature can be determined.
Several laboratory studies of ground surface
emissivity exist (e.g. Wilber et al, 1999), which are
mainly for satellite remote sensing applications but are
transferable to surface observations (Keogh et al,
2000).
Absolute temperature determination from IR cameras
is difficult because the cameras’ protective window
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and the intervening atmosphere modify the radiance
received by the sensing element. Compensating for
these effects is not a trivial process and therefore
ground temperature estimates to an accuracy of better
than 1oC are not practical operationally at this time.
Image 6 shows a scene taken when the ground was
thawing after a frost. Various buildings and
instruments are visible in addition to some cumulus
cloud on the horizon (the grey scale imposed used
here may mean that these features are not meaningful
in this black and white paper).

4.2 Present weather determination.
Rain has the effect of reducing the contrast in IR
images such that the image appears to have a reduced
level of surface detail. An experienced observer
should be able to notice the lack of surface detail in
the images and attribute it to rain or fog. This could be
particularly effective when the IR camera is used to
add confidence to readings from present weather
sensors and visibility meters.

5. Discussion.

5.1 Limitations of IR camera systems.
IR camera systems cost a large amount of money
because the technology is not supplied in large
quantities. As the potential of IR cameras is realised
the price will inevitably come down due to the
increase in demand for these systems. However the
market is changing very rapidly such that any current
model of IR camera may be superseded in less than
one year. This will make it difficult to produce
consistent systems for the observational network as
the specification of the cameras change.

Observers will also require some training to interpret
IR imagery and to pick out the subtle image details
that will enable them to determine present weather and
to recognise different cloud scenarios, especially at
night when there is no visible data to help in the cloud
recognition process.

5.2 Advantages of IR systems.
IR systems can offer full 24-hour observing capability
with no discernible difference between day and night
operation. The human eye cannot determine cloud
cover and type under poor light conditions and in haze
whereas IR technology requires no background
illumination of the sky whatsoever. Unlike visible
cameras IR cameras do not flare when the sun is in the
image. When the cost of IR cameras becomes
‘affordable’ then it would be expected that the
installation of such cameras in remote locations could
give cloud observations in areas where there are no
observers.

Cloud identification has been demonstrated by The
Met. Office to be possible using thermal IR systems.
Thermal IR sky images could potentially prove to be
as useful to the meteorological forecaster as the X-ray
has proven to be for the medical profession. As the
technology is explored further meteorologists may

find other applications for thermal IR cameras that are
not mentioned here.

5.3 Operational considerations.
Currently ‘off the shelf’ thermal IR cameras are too
expensive to be an observing tool for widespread use.
However, informed opinion is that it would be
possible to develop an IR camera to a specification
that meets the meteorological requirements for about
1/3 of the current market cost.

The arrangement of the cameras needs to be
considered very carefully. The cameras must be placed
in a waterproof housing to protect them. In addition
the housing must have an IR window with very high
transmission in the 8-14 micron wavelength range e.g.
anti-reflection coated germanium has ~96%
transmission. These housings were not commercially
available from manufacturers during the evaluation
period and so they had to be specially constructed by
The Met. Office for the purposes of these trials.

6. Future work.

The discussion above relates to the use of cameras as
an aid to the manual observing process whether used
locally or remotely. The next stage in the process of
observation automation is to develop techniques for
automatic analysis of such images, both to identify
cloud types and amount, and as a qualifier to other
observation data.
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ANNEX 1.  Selected images.

Note. These are colour images and may not reproduce well in black and white. More information is available from the
authors.

Image 1   Cumulonimbus anvil.
Inframetrics thermacam PM 295.

Image 2    Cumulus cloud.
Inframetrics thermacam PM 295.

Image 3    High altocumulus.
Inframetrics thermacam PM 295.

Image 4    Altocumulus.
Inframetrics thermacam PM 295.

Image 5   Cirrus, cumulus and stratocumulus.
Raytheon Palm IR 250.

Image 6    Defrosting ground, cumulus.
Thermovision Alert MT.
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A SIMPLE TOOL FOR RECORDING METEOROLOGICAL
INSTRUMENT SITE EXPOSURE
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Introduction

The quality of many meteorological observations, particularly when part of a climatological
network, is highly dependant on the exposure of the sensor used to take the measurements. This is
particularly true of rainfall, radiation and wind, but can also be significant for other variables.
Most sensors have 'ideal' exposure conditions, but frequently compromises have to be reached
because of site limitations and the proximity of potentially disturbing objects.

In the urban environment, where sites may be less than ideal for synoptic meteorological
measurements, but which nevertheless have significant anthropological relevance, it may be
considered that representative measurements will include the effects of nearby objects. In this
situation any obstructions to sensor exposure on the site may be accepted as part of the normal
exposure, but need to be quantified.

For whatever reason, it is important that the exposure of sensors is characterised regularly so that
account can be taken of changes that occur, for example when trees grow or new buildings are
constructed.

In the past The Met. Office carried out site surveys to assess the exposure of rain gauges, using an
inclinometer and compass to determine the amount of shelter. This required measurements to be
taken and manually logged at 10° intervals around the compass. It was a time consuming task that
could be difficult in windy conditions. These instruments are not easy to use, and mathematical
errors can also be introduced when transferring the readings from eye level to gauge top.

The solution

The use of a camera with fish eye lens was considered as one solution to the problem, but there
were several drawbacks. Readily available camera systems were expensive, and it was not
possible to mount the camera with the lens in the position at the top of the rain gauge, without
actually removing the rain gauge. Even if a modern digital camera was used, the images could not
be easily viewed in real time. The positions and elevations of objects could only be measured after
applying an overlay with corrections for lens characteristics and distortion.

The idea of using a hemispherical dome as a reflector was conceived and a prototype was made
from an old discarded glass lighting globe, which was painted black on the inside and inscribed
with lines indicating azimuth. This device was of a suitable size to fit on the top of a rain gauge
and, after aligning the azimuth markings to north, the reflected 360° panorama could be viewed
from vertically above. Only a very simple calculation was necessary to determine the correct
positions for a further set of inscribed circles that would indicate the angular elevation of all
surrounding objects. From this it was a simple matter to observe and note down the relevant
details.

The step from prototype to production of the relatively small numbers required was surprisingly
difficult without incurring excessive development or manufacturing costs. The glass domes with
an optically acceptable finish were no longer available, and in any case, they were rather fragile
for operational use in the field.

Moulded products were ruled out because of the high initial tooling costs, with no guarantee of a
satisfactory result. There were no other off the shelf products available with an acceptable optical
finish and of the right size.
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As modern computer controlled machining techniques became available, a manufacturer was
eventually identified with the capability of manufacturing hemispherical domes from austenitic
stainless steel. These could be polished to provide an optically acceptable finish, at quite a low
unit cost. It was then a simple machining task to inscribe scale lines of azimuth and elevation. A
small magnetic compass was inset on top of the dome to provide an easy facility for alignment.

Figures 1 and 2 show the reflector in an early version mounted on a plywood base with a carrying
slot, and which provides an adapter for easy location on a 5 inch rain gauge. It is an easy matter to
change the base to suit any other application. Figure 3 shows the dome mounted on a plastic base
with a pair of small spirit levels attached, to assist with alignment.

In use, the complete surrounding panorama can be viewed by eye and a photograph taken with a
camera, either hand held (see figure 1), or mounted on a small tripod. The image is already
marked with an elevation and azimuth scale and it is easy to see at a glance where objects exceed
the acceptable minimum elevation angle and could affect the instrument exposure. The intrusion
of the observer into the image is minimal, and a tripod mount will reduce this further. By using a
digital camera, the image can be immediately downloaded to a laptop PC, checked, and stored in a
site record file.

These devices have been tested by inspectors from The Met. Office and have proved to be very
useful for checking rain gauge exposure, and also for ensuring that radiation sensors are exposed
in positions that are clear of obstructions.

Figure 1 Plan view
The circular rings are marked to show the elevation of objects in the range 20° to 60°
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THE DEVELOPMENT OF A RECOVERABLE RADIOSONDE: THE
GLIDERSONDE PROJECT
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1. INTRODUCTION

Radiosonde observations are widely considered to be the single most important component of the current
atmospheric observing system, and have been the mainstay of the global observing network for more than
45 years.  However, the global distribution of such observations remains very uneven, with the highest
density in the middle latitudes of the Northern Hemisphere, while large tropical land areas in South America
and in Africa are sparsely sampled.  Although labor costs are a substantial fraction of the total cost of making
such observations in developed countries, the so-called "expendable" radiosonde package dominates the
sounding budget of most developing countries, and this cost generally determines both the number of
stations that can be operated and the frequency of soundings.  The cost of maintaining this worldwide
network has been in recent years subject to scrutiny, and it is not clear is the network can been maintained at
its present level, let alone expanded into the remaining continental data voids.  Even developed countries are
re-evaluating the frequency of soundings, in efforts to reduce budgets, and some networks are under serious
financial stress.

2. CONCEPT

A proposed partial solution to these recurring cost problems is the development of a recoverable, reusable
radiosonde system. The use of such a device would possibly allow for both an increased distribution of
sounding sites and an increase in the frequency of sampling by the device with a corresponding significant
reduction in the recurring cost. The ideal solution would consist of a reusable instrumentation vehicle, which
could be launched in a manner consistent with present operation, but could be automatically returned to the
launch point, or another designated recovery point, to allow for the recovery and reuse of the equipment. To
provide an expanded distribution, the ideal device would also need to be designed to the lowest acquisition
cost possible. The concept for a recoverable/reusable sonde was first proposed by Dean Lauritsen of the
National Center for Atmospheric Research (NCAR).  In United States Patent Number: 5,186,418 granted on
February 16, 1993, Dr. Lauriten proposed developing a recoverable rawinsonde that would fly back to its
launch point or suitable location with the vehicle guidance during descent utilizing a GPS based navigation
control system.

The ideal solution is a reusable vehicle called the Glidersonde. The Glidersonde is a small-unpowered
autonomous sailplane that carries meteorological sensors for the collection of atmospheric data in a
comparable method to a radiosonde.  The Glidersonde has a wingspan of less than one meter and a total
flying weight of approximately 2.0 kilograms.  The Glidersonde contains a Global Positioning System (GPS)
receiver and a small microcomputer used in determining relative position and navigation decisions.    The
Glidersonde is carried aloft by a conventional gas-filled balloon measuring pressure, temperature, and
humidity and position data as it ascends.  At a preset altitude, the Glidersonde releases itself from the
balloon.  The aircraft naturally flies to a level attitude and the autonomous navigation system steers it to the
home or alternate location.  After reaching the home location, the glider circles while descending.  At a preset
altitude above ground, a parachute deploys and the Glidersonde is recovered.  The vehicle can then be
quickly refurbished and reused.  A schematic diagram of a complete Glidersonde mission is depicted in
Figure 1.
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Figure 1. Glidersonde mission and stages (not to scale).

Data recovery can take one of two forms.  The data can be stored internally in re-writable memory and
downloaded after the vehicle is recovered or the data can be telemetered to a ground station as it is
acquired.  The data collection is equivalent in both accuracy and continuity to a standard radiosonde
sounding.  However, employing the Glidersonde vehicle, the meteorological sensor package is safely
returned to be utilized over and again.

3. ENGINEERING ASPECTS

The basic engineering approach was to evaluate the mission requirements and design and develop a
demonstration vehicle, at a minimum cost in a minimum time, to meet those project goals. To accomplish
this task, a series of exploratory discussions was held to establish the mission requirements. These included
specific payload definition, launch sites and their associated historical wind conditions, and automated return
and recovery of the vehicle. Based on these discussions, it was established that the device would need to
possess the following attributes: first the capability to be launched using the existing balloon launch systems
and operate and acquire data consistent with existing procedures; second, the primary payload would consist
of a standard radiosonde instrumentation package with limited flexibility to accept alternate devices (to
enhance this flexibility and minimize interface constraints with proprietary radiosonde instrumentation, the
device and its operation must be completely independent of the payload); third, possess an independent
system to automatically navigate and return to the launch point; and fourth, possess an automated recovery
system activated upon return to the launch point.  To minimize development time and system cost of the
Glidersonde, the maximum use of commercially available, “off-the-shelf”, components, utilizing present
technologies, was employed.

The demonstration vehicle was constructed using Remote Controlled (R/C) model aircraft technologies to
minimize development time. It is expected that advanced manufacturing procedures would be used for a
commercialized version of the vehicle. The navigation & control system is the combination of a
programmable micro-controller, a commercially available GPS sensor, and standard R/C model aircraft
servos. The GPS provides the navigational position and tracking data to the micro-controller which in turn
provides the necessary control input signals to the servos to have the vehicle track and return to the launch
point.
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The use of a commercial GPS system allows for a return accuracy
within approximately 20 meters of the launch point. Once the vehicle
is within this window, the system has the vehicle orbit within the
window until recovery is initiated. The independent, automated
recovery system consists of a sensitive altimeter (pressure device),
a parachute release and deployment device, a recovery parachute,
and a parachute-reefing device. The altimeter possess the
capability to be preset with a defined offset with respect to the initial
launch value at which a deployment device can be triggered. In the
descent, once this specified relative altitude is reached, the
deployment of the parachute is initiated. The deployment height is
anticipated to be approximately 45 meters to allow the vehicle to
avoid normal ground obstacles, such as water towers, etc., in the
glide mode, but eliminate the drift /range problems with winds at the
recovery sight. To eliminate the vehicle being drug over the ground
and damaged due to surface winds, a ground contact parachute
reefing system collapses the parachute. At this point the system can
be refurbished and reused.

The navigation computer is the brain of the Glidersonde system.
The microcontoller, which is a microprocessor with built-in memory
and communications interfaces, performs all the computations and
serves as the master controller for the vehicle components.  In
order to accomplish these tasks, several computer interfaces were
developed:  (1) the GPS interface, (2) the human interface, and (3)
the control interfaces.  The human operator determines at what
altitude the vehicle will terminate its ascent. Figure2. Glidersonde in the ascent

phase
The GPS interface feeds the navigation computer the data needed to perform the required manipulations.
The control interfaces actually maneuver the vehicle, and terminates the ascent and descent phases.  The
computer reads input data from the GPS receiver and automatically separates the aircraft from the balloon,
computes the course to the recovery area, and navigates the aircraft back to the recovery area completely
without human intervention (autonomously).

4. TEST FLIGHTS

A long series of flight tests were conducted to develop the major components of the Glidersonde and to
demonstrate the viability of the basic concept. During various phases of the development powered aircraft
that were about the same size and flying characteristics as the Glidersonde were used.  A complete data set
from all test flights are shown in the Glidersonde URL.  In every one of the tests conducted with the
Glidersonde, the navigation system has performed as intended.  A typical, but very short flight, is illustrated in
Figure 3.  This figure shows a screen capture of the display of the GSDataCapture program which plots the
XY coordinates of the flight path as telemetered down to the ground station.  During the flight, this display
shows the current location of the glider.  The text in the upper left hand corner of the display shows latest
data telemetered to the ground along with the maximum altitude recorded for this flight and the home
coordinates.

The current position of the glider is shown in the display as the small X drawn on the screen.  The inset in the
lower left-hand corner of Figure 3 identifies the features shown at the current location.  The small drawn from
the X visually shows the aircraft heading at this position, in this case, 334 deg.  The line drawn toward the
bottom of the inset is the path. Annotations have been added to the plot in Figure 3 to show the major events
in the flight.  These events are somewhat difficult to see in the static display but are very evident when the
real-time display or a replay of the flight is seen.  After the balloon was launched, it drifts SSE for as few
seconds and then moves directly North and then NNW.  The balloon was separated from the balloon about
400 m North and 150 m West of the home location.  The release altitude for this flight was set for 1000 feet.
The navigation computer then executed a left turn and pointed the vehicle toward home.  The craft flew a
portion of a circular path around home until, at the point indicated, the pilot assumed control and landed the
glider.



















































 

 

MESURES FINES DE VENT 
A L’AIDE D’UN SYSTEME DE RADIOSONDAGE EQUIPE D’UN GPS 4D 

 
 

 
Auteur : Patrick 
CHARPENTIER 
 
 

 
La société MODEM a mis au point un nouveau procédé de Radio sondage en utilisant la 
technologie GPS. 

1/Historique : 
 
C’est à la suite d’une demande formulée  par ESA (Agence spatiale européenne) en 1994 que 
la société Modem s’est intéressée au radio sondage. Il s’agissait à cette époque de trouver un 
moyen performant pour mesurer le vent. 
 
A cet effet, il a été développé un nouveau ballon dénommé 
Méduse et une nouvelle sonde appelée GPS400PSK. 
 
Les résultats extrêmement satisfaisant de ce système dont les 
objectifs et résultats seront décrit ci après ont motivé notre 
société pour développer un système complet de radiosondage 
vent + PTU adapté au marché météorologique. 

2/Le système : 
 

Le système se compose : 
- D’une sonde GL98 qui associe les mesures de température et humidité aux mesures 

GPS complètes (y compris l’altitude) et les envoie au sol toutes les secondes. 
- D’une station sol très compacte qui reçoit les données et effectue un traitement 

approprié pour éditer un message TEMP, PILOT ou autre. 
 
Vent : Le système restitue la force et la direction du vent grâce aux mesures GPS. Ces 
mesures sont de deux ordres : 

- mesures des positions dans les 3 dimensions par calcul de triangulation entre les 
signaux de trois ou quatre satellites minimums 

- Mesure de la vélocité (vitesse) déterminée directement par le doppler provenant de la 
boucle de la porteuse et non pas par une différence entre deux positions.  

 
- La vélocité est plus précise que la position sur des petites échelles de temps, alors 

qu’elle devient moins précise sur de grandes échelles. 
- Notre système tient compte de ces deux méthodes de mesures afin de restituer les 

meilleures données possibles. 
- Ces données sont comparées à celles qui sont au sol (GPS différentiel) afin de 

s’affranchir des perturbations liées aux erreurs satellitaires, aux problèmes de 
propagation, au brouillage volontaire éventuel. 

 

Tél. : 0 164 99 77 52 
Fax : 0 164 99 77 53  

E MAIL : mod@club-internet.fr 

Z.A. de l’orme à bonnet - 91750 CHEVANNES-FRANCE 
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PTU : Le système mesure la température grâce à une thermistance et tient compte de l’effet 
radiatif. 
 Le système mesure l’humidité grâce à un polymère capacitif et est corrigé en fonction 
de la température. 
 La pression n’est pas mesurée mais calculée à partir de l’altitude  et des températures 
et humidités. 
 

 

3/Mesure d’un profil vertical de vent 
La précision d’un profil vertical de vent doit être mesurée sur l’ensemble du moyen utilisé, 
c’est à dire qu’il faut tenir compte de la précision de la sonde et du moyen de réception au sol 
mais aussi de la précision du ballon. 
 

1/ Précision de la sonde :  
 

localisation spatiale   10 m en x et y, 20m en z 
composantes de la vitesse 0.2 m/s en u, v et w 
 
 2/ Précision du ballon recherchée : 
 
erreur à 1 sigma <0.4 m/s pour une résolution de 100 m 
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Quel ballon choisir ? 
 
Un ballon météo est un mauvais suiveur de vent, 
car il génère des mouvements parasites qui se 
traduisent par un vent apparent (bruit) qui n’a rien 
a voir avec l’atmosphère. 
Ce bruit de mesure apparaît autour d’échelles de 
l’ordre de 700 à 800 m à cause de mouvements 
auto-induit liés à des variations aléatoires des 
points de décollement du sillage. 
Ces mouvements auto-induits, contrôlés par le 
nombre adimensionnel de Reynolds de 
l’écoulement de l’air autour du ballon, couvrent 
pour les ballons météo classiques une large 
gamme de longueurs d’ondes ( jusqu ‘a 400m) 
avec des amplitudes de plusieurs mètres par 
seconde. 
 
 Les Jimspheres, Rubsondes, Capspheres, 
Méduses sont capable de résoudre des échelles de l’ordre de 200 m. Ce sont les ballons dit 
stabilisés. 
Pour rendre un ballon plus stable, une solution consiste à augmenter la rugosité de la surface 
du ballon. On augmente ainsi la taille du sillage, ce qui a pour effet d’accroître la traînée et de 
diminuer les forces de portance. 
Ces ballons sont donc conçus pour éviter les décollements aléatoires de la couche limite et 
absorber l’énergie turbulente du sillage. 
 
Il faut y associer  un vrai GPS  car il donne une localisation tridimensionnelle et des mesures 
de vitesse Doppler plus précises que celles obtenues en dérivant la position. 
 

4/ Les campagnes VERHT (mesure des profils de vent haute 
résolution et de température) 
La première campagne VEHRT 1 a eu pour objet de valider le modèle décrivant le champ des 
fluctuations de vent en zone équatoriale et en cas de validation d'en ajuster au mieux les 
paramètres. Ce modèle était issu de nombreuses mesures effectuées sous nos latitudes, mais 
n'avait jamais été testé en zone équatoriale. Le champ des fluctuations de vent dépend de 
quatre dimensions, le temps et les trois dimensions spatiales, VEHRT 1 ne s'est préoccupé que 
de la dimension verticale et d'une certaine manière du temps. 
Les moyens utilisés ont été le système de mesure ballon Méduse et sonde Modem  
Les précisions de mesures ont été : 
 Température  précision absolue 0.5 K 
 précision relative 0.03 K avec un temps de réponse < 4 s 
 Vent rapport signal/bruit =1 à 100 m de résolution. 
Le résultat a été la détermination des paramètres d’un modèle du champ des fluctuations de 
vitesse et de température permettant une optimisation des charges structurales, environnement 
dynamique et pilotage des systèmes fusée-satellite Ariane. 
La deuxième campagne VEHRT 2 par des lâchers simultanés en trois sites distants de 200 
km, a permis d'accéder aux deux autres dimensions horizontales. Une première étude avait été 
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effectuée avec des données provenant de ROCHAMBEAU et de VEHRT 1 mesurées à des 
heures proches, mais les données de ROCHAMBEAU étaient de qualité médiocre 
(localisation du ballon, qualité du ballon), la simultanéité des sondages n'était 
qu'approximative et la distance entre les deux sites était trop faible. 
Le résultat de cette deuxième campagne a permit de chiffrer l’influence des trajectoires 
obliques des lanceurs 
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Introduction

The Met. Office operates four Radian LAP3000 boundary layer wind profiler radars in the UK,
located at Camborne and Dunkeswell in the South West of England and Pendine and Aberystwyth
in Wales, see Table 1 and Figures 1 and 2. All systems are configured to use one beam to measure
the vertical velocity and two beams to measure the velocity in two off-vertical directions. The three
beam configuration was preferred to the five beam, as beam directions with high clutter do not have
to be used and a more rapid observing cycle is achieved. The beams are cycled between a high
mode, which supplies data up to 8km with 200m resolution (400m Dunkeswell) and a low mode
which supplies data up to 2km with 60m resolution (100m Dunkeswell). The wind information is
processed and may be presented as a wind barb plot as shown in Figure 4. The signal power,
vertical velocity and spectra can also be presented for further analysis.

Location Frequency Antenna size Installation Date
Camborne 915 MHz 2.61m x 2.61m Nov 98

(upgrade from smaller system)
Dunkeswell 1290 MHz 2.61m x 2.61m Feb 99
Pendine 1290 MHz 2.61m x 2.61m Feb 99
Aberystwyth
(development system)

915 MHz 1.74m x 1.74m Nov 99

Table 1. The UK boundary layer wind profilers

Figure 1: The 915MHz wind profiler radar at Camborne.

The UK Wind Profiler Network

The UK wind profilers are intended to demonstrate the capabilities of a pilot network and contribute
to the CWINDE programme (COST Wind Initiative for a Network Demonstration in Europe), as
well as providing wind data to local and regional forecasts. The data are transmitted in real time via
e-mail to Bracknell and archived in the operational database. Results are then monitored against the
NWP model on a monthly basis to assess their performance and usefulness in the long term. Some
weather  radar data can also be processed to enhance the network over the British Isles during
significant weather.
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Figure 2. Wind profiler and weather radar sites in relation to Bracknell

Network Performance

Since installation during winter 98-99, there have been a number of hardware failures and numerous
communications difficulties to resolve within the network. Both of the 1290MHz systems had
problems with the final amplifiers on installation. These were not detected by the manufacturer’s
representatives. The malfunctions  were difficult to detect as the expected  performance in relation
to that of the 915MHz system, was not well understood. Following total amplifier failure at each
site and subsequent replacement, the network performance has improved and stabilised, while
experience and statistics have been gathered to be used to identify problems.

Table 2 and Figure 3 illustrate the main causes of failure and the subsequent percentages of data
available and data received in near time. The recent improvements shown by the availability
statistics demonstrate the advantage of keeping spares accessible within the UK. Spare 915MHz and
1290MHz compatible components are in use in the Aberystwyth development system, while further
1290MHz components are kept at Bracknell. This spares policy shields, to some extent, the primary
network of three profilers from the long lead times for repair or replacement.

Failure Total downtime (all sites)
Receiver 37 days
Final Amplifier 101 days
Communications 50 days (real time only)

Table 2. Causes of profiler failure Nov 98 to May 00.

Figure 3: Percentage of data available in near time and off-line for two UK sites.

The improvements to the real time statistics reflect changes to the methods used for obtaining real
time data via e-mail. In the earlier months the site systems pushed data to Bracknell. In this case the
PC at the remote unmanned site tended to ‘lock’ in association with communication difficulties.
This problem was resolved by switching the procedures so that data are pulled from the unmanned
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sites to Bracknell.  If the Bracknell computer locks it is easily reset. Although several data messages
may still fail to be collected in any one period, the current set up has greater redundancy and allows
quicker resolution of problems.

Data Products and Availability Against Height

Figure 4 gives two examples of data displays, latest 12hr versions of which can be found for an
individual profiler at: www.met-office.gov.uk/sec5/CWINDED/cwinde99/cwinde99e.html. The
example on the left shows wind speed and direction profiles for the 27th December over Camborne.
This was at the time that a severe storm was causing much damage in southern France.  The
presence of a pronounced trough over the UK at heights of about 5 km at 14 UTC was poorly
represented in the UK mesoscale model, although observed at all four profiler sites. The signal
power plot on the right shows the development of the convective boundary layer between 08 and 18
GMT over Dunkeswell, detected in the profiler’s low mode.  This type of information from the
boundary layer profilers will be used to generate information for forecasters on the temperature and
humidity structure  at the profiler sites  in combination with radiometer observations.

Figure 4: 24 hour wind barb plot (left) and 24 hour signal power plot (right).

The maximum height of data obtained by the profiler varies depending on conditions. Figure 5
shows the percentage of data messages received containing data at particular heights over a five
month period at Pendine and Camborne. High mode data is regularly obtained up to 2.5km (75%),
with a rapid decrease in availability in the 3 and 4km region.
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 Figure 5: Percentage of data available against height
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During the period shown, the vertical resolution of the 1290MHz system was reconfigured from
400m (high mode) and 100m (low mode) to match that of the 915MHz system. This enabled a
comparison of performance to take place. It can be seen that in the low mode, at 60m resolution, the
1290MHz system records considerably less data in each height range above 800m than the 915Mhz
system. The high mode, however with 200m resolution shows similar performance from the two
systems. The 915MHz system is therefore better for obtaining high resolution clear air returns at
lower levels, while the 1290MHz system benefits from higher returns in water/ ice clouds.

Use of Wind Profilers in Special Campaigns

In addition to the long term data archive that takes place for comparison against the UK Global
model and analysis of network performance, UK boundary layer wind profiler data have been used
for several short term special campaigns to support development of new systems.

The wind profiler at Camborne is located on an operational radiosonde site, which since early 1999
has supported campaigns to demonstrate a 78.2GHz cloud radar,  a GPS water vapour receiver and
a SODAR as well as multiple radiosonde comparisons. The boundary layer system at Aberystwyth
has recently been installed adjacent to the MST profiler, LIDAR and another GPS water vapour
receiver allowing further comparisons to be made. The comparison with the SODAR, for example,
indicated a close match between the data at most heights, but confirmed the limitations of the
profiler in the lowest two range gates, where the signal is not believed to be representative of the
volume.

The example below illustrates a comparison of the wind profiler signal power plot displayed with a
four minute temporal resolution and that of a cloud radar operating at 78.2GHz. The cloud radar
information allows further interpretation of the wind profiler signal power product and as a
complementary technique is a useful step towards automation of observations. Further details on
this study are available from the author.

Figure 6: Signal plots for the 78.2GHz RAL Cloud Radar (left) and 0.915GHz Wind Profiler (right) for a
six hour period over Camborne, April 1999.

Conclusion

The Met. Office has now decided that the wind profiler network will be handed over to be run as an
operational service as part of a more fully automated upper air observing network.
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The UK Met. Office’s Upgraded Lightning Location System
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Introduction

The Met. Office (UK NMS) has operated a VLF ‘arrival time difference’ (ATD)
thunderstorm location system since 1986.  This system is particularly suited to long range
lightning detection, because of the choice of observing frequency (10 kHz), and the
sophisticated processing involved.  This long-range capability is vital for aviation
forecasting over the North Atlantic and the Mediterranean.  Though the location accuracy
deteriorates with increasing distance from the current network in Europe, lightning
flashes are regularly detected as far away as South America, Northern Africa and eastern
Russia.  There is a clear potential for expansion of this technology, to provide global
coverage of thunderstorm activity.

Development

Since the 1940’s, The Met. Office operated a magnetic direction finding system to
locate lightning.  This was called CRDF (Cathode Ray Direction Finding).  This system
worked quite well for many years, though it was extremely labour intensive requiring 32
staff.  Bearing errors varied with time and led to undesirable location errors at long
ranges.

A replacement system was introduced in 1986, which ran on VLF ATD (Arrival
Time Difference) principles (Lee, 1986). This still required a full time operator, i.e. 4
staff. At a frequency of 10kHz, the ionosphere acts as a waveguide, and through multiple
reflections, sferic waveforms from lightning flashes can travel thousands of kilometres.
Most other lightning systems observe at higher frequencies, and so are not troubled by
distant noise, because the sferics from long distances are attenuated. At higher
frequencies, there is a sudden onset of the sferic that is relatively easy to time, whereas at
VLF the leading edge of the received envelope is indistinct, and information about the
whole waveform needs to be sent to the central processor.  In practice, the extra
communications requirement for a VLF system can be offset against the fact that few
stations are required to cover a large area, compared with other commercial systems. By
1989, this version of ATD provided more accurate measurements at all ranges, and better
thunderstorm detection efficiency than had been achieved in regular operations using
CRDF.

The recent ATD hardware upgrade (Hamer, 1998) has removed the requirement
for a full time operator and the system now runs with minimal checks on a daily basis.
Imminent software enhancement efforts should result in an increase of the processing
capability from 400 to 4000, and eventually to 12000 lightning strokes per hour.  For
lightning occurring over the UK, it will be possible to determine the flash type (cloud to
ground or cloud to cloud), stroke polarity, stroke strength and the number of strokes per
event.
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Figure 1 ATD fixes on 13/07/2000.  Thunderstorms detected over Eastern Europe, Scandinavia and the
Russian Confederation.

Figure 2 13/04/2000. A particularly active day along the ITCZ (Inter-Tropical Convergence Zone).  The
Andes are also triggering many lightning flashes.

The ATD Network

The ATD network consists of seven outstations, five of which are in the UK, and
two in the Mediterranean (Cyprus and Gibraltar).  The central control station is at the
headquarters of The Met. Office in Bracknell, southern England.  Accurate timing is
fundamental for use of the ATD technique; therefore each outstation is equipped with two
rubidium oscillators, which are regularly checked with GPS.

Lightning flashes detected at each of the outstations are sent to the control station,
as well as the exact time of detection to an accuracy of 0.1 microseconds.  Here, the
waveforms are correlated, and the differences in arrival times are used to fix the flash
location.  Waveforms from at least four outstations are required to fix a flash.  Having
more than four waveforms results in better accuracy, as the location is calculated through
an iterative process involving all waveforms and their associated ATD’s.  The location
accuracy is also dependent on the geometry of the outstations taking part.  If the fix is
located within the bounds of the network in Europe (i.e. inside the quasi-triangle with
Cyprus, Gibraltar and Scotland at each of the vertices) then the location accuracy is
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usually around 5km, and less in the UK where it is about 1 to 2km.  Outside of the
immediate network, the accuracy reduces as all the outstations are ‘looking’ in much the
same direction.  For instance, in South America (~7000km from Britain), the expected
error distributions are elliptical with the major axis of the ellipse corresponding to a
location error of about 100km.

A significant factor in producing errors at long range is the varying height of the
ionosphere.  With correct modelling of the propagation path of the sferic through the
Earth-ionosphere waveguide, errors should decrease.  The incorporation of this algorithm
is planned in the next two years.

The ATD central processor used to be a Perkin-Elmer machine, which was
relatively slow.  As it could only manage a peak processing rate of 400 flashes per hour,
the outstations only sent the strongest flashes for processing; i.e. the weaker flashes that
were detected at the outstation sensors were just thrown away.  If there was a lot of local
activity, then the distant flashes were too weak to be processed.  Thus local saturation of
the system resulted in negligible long-range coverage, as well as inadequate detection
efficiency within the main European Service Area.

The recent upgrade has introduced a newer, much faster machine, a Hewlett
Packard dual processor.  This huge increase in speed and efficiency has increased the
processing power to potentially 12000 flashes per hour.  The process of writing and then
debugging the software on the new machine, and bringing it to peak performance has
been a lengthy one.  The images shown in Figures 1 and 2 are of lightning detected with
the new control station, which went operational in April 2000.  They do not show the
processor working at it’s full capacity, but the rate is about 50% more than with the old
machine.

Performance of the new processor

The new control station has been performing quite well, producing data about
95% of the time for the first three months.  One of the best ways to evaluate the quality of
the output is to compare it with data from another system.

EA Technology uses a magnetic direction finding technique to detect lightning
over the UK.  Most of their customers are from the electric utilities.  They claim to have
quite high detection efficiency, about 95% of all cloud-to-ground flashes should be
detected by their system.  This means that it is a good method of checking our ATD data.
It should be noted that the EA network is based in Britain, so the quality of their location
data degrades quite noticeably outside of the land masses of Britain and Ireland.

To make sure that we are comparing the same flash detected by both systems, the
matching criteria is that they be separated by less than 0.05 seconds in time and by less
than 200km.  Figure 3 shows a contour map of the average distances between matched
fixes.  This distance is the least over the middle of the England.  The data for this map is
taken from March 2000, just before the new control station came into operational use.
Figure 4 shows the same kind of map, but for data in May 2000, when the new control
station was in charge.  The maps are quite similar, which means that we can have
confidence that the new control station is operating as well as the old one.
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Figure 3 March 2000.  The contours show the average distance (km) between matched pairs of EA
Technology and ATD lightning fixes.  Over the centre of England, the two systems agree to less
than 7km, but father away, this agreement deteriorates, due mainly to the fact that EA
Technology’s system only covers the British Isles.  This ATD data was taken when the old
control station was in charge

Figure 4 May 2000.  With the new control station in charge, the contour plot looks much the same,
verifying that the quality of ATD data remained the same after the new control station took over.

Conclusion
An upgraded version of the Met. Office ATD system was successfully introduced

into operation in April 2000. The full processing rate of the new control station has yet to
be exploited. With the higher rates of processing established later this year, it will be
possible to provide a more consistent service to users at all ranges.  More results shall be
presented at the conference.
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1.  Introduction

Precipitation monitoring by radar during the cool season is complicated by poor low-
level WSR-88D radar coverage in the U.S. Intermountain West (Westrick et al., 1999).  Beam
blockages from nearby terrain combined with the shallow nature of orographically enhanced
precipitation limit the ranges at which reflectivity can be measured below the melting layer.  The
reliability of surface rainfall estimates from the operational precipitation algorithm diminishes as
beam heights approach and exceed melting layer heights (Fulton et al., 1998).  Within this zone
of enhanced reflectivity, or radar bright band, precipitation overestimations can be as large as a
factor of 10 (Smith, 1986).  Above this layer, Kitchen and Jackson (1993) found that radars
typically underestimate surface rainfall by a factor of 10 where beam overshooting is prevalent
at far ranges (e.g., 200 km).

Wavelength 10.6 cm
Amplifier solid state-low voltage, Class C
Peak Power 380 watts
Maximum Duty Cycle 10%
Antenna 3 meter shrouded parabolic dish
Beamwidth 3.2 degrees
Height Resolution selectable:  60, 100, 250, 500 m
Maximum Height Sampled 21.4 km (typical)
Maximum Radial Velocity 20 meters per second (typical)
Spectral Points 128 (typical)
Dwell Time 35 seconds (typical)
Processor DOS-based, personal computer
Sensitivity -25 dBZe @ 10 km altitude
Power Requirements 110/220 VAC ± 10%, 5 amp
Recording full Doppler spectra
Media optical disk

Table 1.  S-Band Precipitating-Cloud Radar System image and specifications.

During the winter of 2000, an S-Band Precipitating-Cloud Radar System was deployed
in a "radar-hostile" region in Northern Arizona.  Radar system specifications are given in Table
1.  Spectral data were collected for several winter storms including one that produced over 75
mm of rainfall in the Phoenix metropolitan area.  Reflectivity structures are analyzed for this
storm that occurred from March 5-7.

2.  Background

The S-Band vertically pointing radar was deployed in a prominent valley in Northern
Arizona at Camp Verde.  The site elevation is 949 m.  The Flagstaff WSR-88D radar (KFSX) is
60 km away and resides at an elevation of 2286 m, while the Phoenix radar (KIWA) is 141 km
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away and sits at 427 m.  Figure 1 shows the radar horizons between the WSR-88D sites and
Camp Verde.  The white beams are those that are closest to the ground but clear it by more
than 150 m (O'Bannon, 1997).  Notice how the 0.5 degree beam from KIWA is partially blocked,
yet utilized over Camp Verde.  The S-Band deployment site is at the far right hand side of both
plots.

Figure 1.  Cross-sections of KIWA hybrid scan (left) looking north and KFSX (right) looking
west toward S-Band deployment site.

The lowest elevation angle from KFSX samples clouds over 1.5 km above Camp Verde.
KIWA is able to capture data at a lower height above ground, but its sample volume is quite
large.  In addition, the beam is partially blocked by terrain and may result in degraded
reflectivity values.  Operationally, reflectivity data from partially blocked zones are adjusted
based on the computed blockage.  It is not well known whether these adjustment factors are
accurate.

During winter storms in this area, the rain/snow line typically forms below the altitude of
KFSX yet above KIWA and Camp Verde.  With a melting layer near 1.5 km MSL, Fig. 1 shows
that neither WSR-88D radar will sample rainfall below the melting layer.  Instead, reflectivity
and thus precipitation rates are derived from frozen hydrometeors measured aloft.
Underestimations are likely in this scenario due to echo intensities decreasing with height
above the melting layer, and the dielectric constant in the radar equation is assumed to apply to
liquid hydrometeors.  These radar sampling difficulties are not uncommon in the Intermountain
West.  As shown in the following section, detailed profiles of reflectivity provide useful
information for QPE purposes, and may be used to augment future precipitation algorithms.

3.  Results

Data are presented for 1000 to 1125 UTC on March 6, 2000.  This winter storm
produced stratiform rainfall at the S-Band site.  Figure 2 shows time-height cross-sections of
reflectivity data measured by WSR-88D radars over Camp Verde.  The lower extent of the
KIWA 0.5 degree beam is calculated to be 700 m above the ground at Camp Verde.  However,
beam depths are large, nearly 2.5 km in depth, leading to a smoothed depiction of actual
vertical profiles.  KFSX has smaller bin volumes, but they are over 1.5 km above the ground at
the deployment site.  Backscattered power is from frozen hydrometeors, and is thus not
representative of surface rainfall rates.
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Figure 2.  Time-height cross-sections of KIWA and KFSX reflectivity over S-Band deployment
site.  Time increases from 1000 UTC (left) to 1125 UTC (right).

Data collected from the S-Band vertically pointing radar show much more detailed
vertical reflectivity structures.  Figure 3 shows a time-height cross-section coinciding with the
times presented in Fig. 2.  The 45 m vertical height resolution captures a prominent layer of
enhanced reflectivity from 1.5 to 1.8 km.  This bright band reveals temporal variability as
different densities of frozen hydrometeors slowly fall and melt.  Since the melting layer is well
identified, we can confirm that rainfall, and not snow, is reaching the surface.  Moreover,
S-Band reflectivity magnitudes measured just above the surface show little correlation with
WSR-88D samples measured above the melting layer.  This result suggests QPEs by
operational WSR-88D radar systems are inaccurate for winter storms with low altitude melting
layers.
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Figure 3.  Same as for Fig. 2, except data are from S-Band Precipitating-Cloud Radar System.
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4.  Conclusions

The S-Band vertically pointing radar captures unprecedented detail in vertical reflectivity
structures for winter storms over complex terrain in northern Arizona.  It is capable of collecting
high-resolution vertical profiles of reflectivity, velocity, and spectrum width.  Future algorithms
may be designed to utilize operational S-Band data to adjust and improve QPEs from WSR-
88D radar or other remote sensors, such as satellites.  Also, accurate detection of melting layer
altitudes may be used to delineate frozen from liquid precipitation.  Accurate QPE and
precipitation typing will be useful for agricultural purposes, watershed management, flood
control, avalanche forecasting, and handling of snow removal equipment for transportation
during winter storms.  It is hoped that this research-oriented radar will advance as a real-time
observational platform.
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1.  Background

The use of millimeter-wave radars for cloud research has burgeoned in the last decade (Kropfli and Kelly, 1996).  Much
of this activity has been motivated by the need for more extensive and continuous monitoring of cloud conditions for
climate research, aviation safety, and telecommunications.  The high frequencies employed by these radars (typically 35
or 94 GHz) endow them with an inherent sensitivity advantage for detecting the very small hydrometeors of clouds
compared to the lower frequencies used by storm surveillance radars.  Thus, clouds themselves, and not just
precipitating regions, can be observed and measured with high sensitivity and resolution using these “cloud” radar
systems.  Major disadvantages of the high-frequency radars include severe attenuation by rainfall (but not by snowfall)
and limited range.  The millimeter-wave radars are ideal for continuous ground-based observations of cloud conditions
overhead, and episodic observations from research aircraft.  A millimeter-wave radar is also the centerpiece for the
international CloudSat satellite mission, to be launched in 2003.

The millimeter-wave cloud radar (MMCR) designed by NOAA’s Environmental Technology Laboratory (NOAA/ETL)
has been one of the primary systems in this technology growth (Moran et al., 1998).  This 35-GHz radar is now built
and marketed by URS/Radian International, LLC., through a Cooperative Research and Development Agreement
(CRADA) with NOAA.  The MMCR is part of the suite of instruments operated by the U.S. Department of Energy’s
Atmospheric Radiation Measurement (ARM) program (Stokes and Schwartz, 1994) at Cloud and Radiation Testbed
(CART) sites in Oklahoma, Alaska, and on islands in the tropical western Pacific Ocean, where the radars are intended
to operate for at least 10 years.  An identical radar operated by NOAA/ETL has been used for shorter-term observations
of clouds in the Arctic, Indian, and Pacific Oceans, and in Colorado and Massachusetts.

The MMCR is a vertically-pointing ground based, Doppler system, designed for long-term, unattended operations.  In
spite of very low transmitted power, it achieves excellent sensitivity, sufficient for detecting most visible clouds
overhead, through its short wavelength and the use of a large antenna, long sampling duration (~1 sec), and signal
processing and pulse compression techniques.  Table 1 summarizes some of the radar’s basic characteristics.   Since its
original design in the early 1990s, various minor improvements have been made to the radar system.  NOAA and
URS/Radian are now in the process of implementing two major upgrades: (1) replacing the radar’s original data system
with a more powerful processor, and (2) adding a dual-polarization measurement capability.

Table 1.   Characteristics of the MMCR

Transmitter TWTA, 100-W peak power
Duty Cycle up to 25%
Antenna 6-ft or 10-ft diameter
Beam Width 0.3 and 0.2 deg.
Height Coverage 0.1 to 20 km
Height Resolution 45 m and 90 m, typically
Time Resolution 9 sec/mode, typical
Sensitivity As good as -50 dBZ at 5 km
Operating Modes programmable, typically cycles through 4 modes
Wavelength 8.6mm

2.  The New Processor

The MMCR is a highly programmable system which allows the data collection to be optimized for the type of clouds
that are under observation. The radar’s sensitivity to a particular cloud observation is governed by variables such as
transmitted pulse width, number of coherent pulse averages, pulse repetition frequency, number of incoherent spectral
averages and the number of code bits used in pulse compression processing. These variables in turn influence the
desired measurements such as maximum unambiguous velocity, range resolution, maximum range, range sidelobe
artifacts and observation time. Numerous trade offs are possible and the radar routinely cycles through four independent
modes designed to collect measurements for the particular clouds types encountered at individual radar sites (Moran, et
al, 1998). Table 2 shows some of the operating characteristics of the four modes for the MMCR located at the Southern
Great Plains CART site near Lamont, OK.
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Table 2.  Operating Characteristics for the MMCR’s Four Scan Modes

The operating characteristics of the radar were designed so that each mode has nearly the same observation time (time
required to collect and process the measurements) of 9 seconds. Because the hardware and software overhead in the
radar’s signal processor varies with each mode, not all of the data that is available can be processed. The dwell time is
that portion of the 9 seconds that is actually used in the cloud measurements and the processor efficiency represents that
as a percentage. For the cirrus and convective modes the overall efficiency is low enough to have an impact on the
performance of the radar.

The radar processor in the MMCR is based on the design of wind profiler radars, which exhibit many of the same
operating characteristics as the cloud profiling radar. Observation times for wind profilers, however, are on the order of
minutes and so processing overhead doesn’t become a factor in the radar’s performance. Cloud scientists, however, are
often interested in observing the dynamics of cloud systems on as short a time scale as feasible. The narrow beamwidths
of cloud radars means that short observation times of a few seconds present an opportunity to observe many
independent samples of the cloud structure. Poor processor performance impedes the ability of the radar to shorten  the
observation time without affecting the sensitivity of the measurements.

A block diagram of the present and new MMCR radar processor is shown in Figure 1. The present architecture uses a
specialized hardware pulse averager and a programmable digital signal processor (DSP) to implement the processing.
As part of the radar upgrade a new radar processor architecture has been adopted  that uses 5 programmable DSPs as
shown. The advantages of the new design are the use of higher speed and multiple DSPs working in parallel to
accelerate the cloud radar’s processing power by a factor of eight.  Not all of the available new processing power can be
applied if other factors contribute to system overhead.  Factors such as the time it takes to distribute the raw data and
collect the processed results from the multiple DSP’s contribute to system overhead.  As an example, Figure 2 shows
the level of expected improvements for different values of overhead for the cirrus mode. The new hardware will be
operated under a new radar control software program, LAP -XM that will replace the present (POP4) software. LAP -
XM was developed out of the need for a versatile radar control software environment that is easily programmed with
new processing algorithms and operates under Windows NT.

The expected improvements in the processing speed will mean the temporal resolution for each mode will approach the
dwell time without affecting the radar’s sensitivity. Each mode may not reach the optimum dwell time, depending on
the implementation. But there are numerous other tradeoffs that can be used to take advantage of faster processing. The
sensitivity of a mode can be improved by increasing the number of spectral averages and leaving the observation time
the same. An improvement in sensitivity also provides an opportunity to reduce the number of code bits used, which
reduces the range sidelobe artifacts in modes that use pulse compression. The mode that is designed to observe
convective clouds has the least radar ambiguities of all the modes. A faster processor would improve its sensitivity by
nearly 7 dB which would put it in the same range as the stratus mode, perhaps eliminating the need for one of the
modes, leaving room for a new mode in its place.

3.  Dual-Polarization

As is the case with other high-sensitivity radars, the MMCR readily detects non-hydrometeor targets suspended in the
air in addition to cloud droplets and ice crystals.  Based on the currently available reflectivity and velocity
measurements alone, it is usually not possible to distinguish between these two kinds of targets.  This represents a major
problem for ARM, where the goal is to determine the characteristics of clouds overhead in an automated fashion.  The

Cloud Type Stratus Cirrus General Convective
Inter-pulse Period
(μs)

68 126 106 106

Number of Coherent
Avgs

10 6 6 1

Number of Spectral
Averages

64 21 60 29

Number of code bits 8 32 not
coded

not coded

Dwell Time (s) 2.8 1.0 2.4 0.4
Unambiguous velocity
(ms-1)

±3.2 ±2.8 ±3.4 ±20.3

Unambiguous Range
(km)

10.2 18.9 15.9 15.9

Range Resolution (m) 45 90 90 90
Processor Efficiency
(%)

31 12 29 4

Est. Sensitivity (dBZ at 5 km) -47 -54 -42 -38
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problem is particularly bothersome in the afternoon at continental locations in spring, summer, and fall, when insects
and bits of vegetation are commonly suspended aloft in the convective boundary layer.

Figure 1.  Diagram of the present and new      Figure 2.  Expected Processing Improvements for
processor architecture                      different levels of system overhead (OH)

One approach to solving this problem is to add dual-polarization capability to the radar and use the resulting
depolarization ratio measurements to provide information about the target shapes.  This will allow the radar users to
distinguish between the spherical droplets of stratus clouds and the comparatively non-spherical insects.  Dual
polarization may also be useful for distinguishing between various cloud hydrometeor types (such as droplets, column
crystals and plate crystals), but the insect problem is the motivation for ARM to upgrade some of its radars to include
dual-polarization measurements.   Martner and Moran (2000) describe how ARM may implement this new capability
into its automated cloud-mask algorithms to identify the stratus cloud regions and distinguish them from non-
hydrometeor targets in the CART data stream.

The MMCR currently transmits linear polarization.  Figure 3 is a block diagram showing the configuration for the dual-
polar upgrade.   In the upgrade the hardware is altered with the addition of an ortho-mode transducer (OMT) which
separates the received signal into co-polarized and cross-polarized components.  An additional electronic switch (#3 in
the block diagram) is added to the receiver chain to allow the radar’s single receiver to measure the co- and cross-polar
signals on alternate pulses. Other switches protect the low-noise pre-amp while the transmitter is transmitting.  A spare
channel mode in the processor software is used for processing and recording the new cross-polar data.  Dwell time is
evenly divided between the two polarizations, thus sensitivity is reduced by 1.5 dB.  The logarithmic ratio of the two
nearly simultaneous signals is computed to determine the linear depolarization ratio (LDR), which is a function of the
target particles’ shapes and orientations.  With some additional hardware changes the radar could transmit circular
polarization and measure circular depolarization ratio (CDR) which would reduce or eliminate the sensitivity to particle
orientations.  Figure 4 shows an example of vertical profiles of co-polarized (a) and cross-polarized (b) returned power
spectra for tests of the dual-polar MMCR in Colorado.  The co-polar plot  reveals three echo layers.  The new cross-
polar plot shows that the radar detected  significant depolarization only in the lowest layer.  This means that the lower
layer definitely contained non-spherical particles, most likely insects.  The significant amount of cross-polar signal
could not have been caused by cloud droplets.  This illustrates the basic idea for identifying the presence of insects in
the MMCR data.

4.  Summary

The MMCR is a high-sensitivity Doppler cloud radar which has already logged several years of detailed cloud
observations at a number of locations.  Upgrades to the system, now in progress, include replacing the processor with a
multiple-DSP system, adaption of the LAP -XM operating software and adding a dual-polarization measurement
capability.  These upgrades will provide improved observing/processing efficiency and flexibility and the ability to
identify non-droplet particles, such as insects, which often contaminate the cloud data sets collected by the radars.
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Figure 3.  MMCR Dual Polarization Block Diagram

   (a)      (b)

Figure 4.  Vertical profiles of (a) co-polarized and (b) cross-polarized echoes aloft observed during tests of the
MMCR in Colorado.
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Figure 1.  Haines, Alaska ASOS
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1. Introduction

There is a growing trend whereby manual observations of weather parameters are being
replaced by the introduction of automated weather observing systems.  Mature automated weather
observing systems are capable of producing accurate results when operating under relatively
benign climatological conditions. However, when designing and operating these systems for use in
harsh climatological conditions, many challenges must be addressed.

This paper will summarize the experience gained by the United States, Canada, and Norway
in developing and operating automated weather observing systems under extremely harsh
climatological regimes ranging from tropical to arctic. Aspects of automated systems considered
include effects on sensors, systems design, installation, maintenance, and robustness. It is hoped
that lessons learned from these experiences will provide guidance to those operating in similar
environments.  These lessons learned may also provide insight into future directions to assist
investigations addressing some of these issues.

2.  Climatic Regimes
2.1  Mountain/Arctic Climate

Some of the most challenging problems are encountered when designing, installing, and
operating automatic weather stations in mountain and arctic climatic regimes.  In order to survive
the environment and produce accurate output, these stations must be designed to withstand
extremely cold temperatures, heavy snowfall, extreme snow depths, and excessive stresses
caused by wet snow accretion and heavy icing.

During mild winter weather, the electronics
components usually give off enough heat to maintain an
acceptable operating temperature inside the electronics
enclosures.  However, in colder arctic environments,
additional heaters must be provided in order to keep
internal temperatures of electronics enclosures at an
operational level.  In the harshest of extreme
arctic/mountain environments, special equipment shelters
have to be installed to ensure proper operation of the
electronic equipment and provide maintenance
technicians with protection from the elements (see
Figure 1).

To prevent blockage of the lenses and windows of optical sensors by snow and ice, lens
heaters or window conditioners have to be employed.  These may be contact heaters applied



- 326 -

Figure 3.  Mullan Pass, Idaho

Figure 2.  Lens Blockage

Figure 4.  Extensive Corrosion

directly to the surface of the lens or in the form of an external heat source.  Some protection from
lens blockage can be provided by the use of heated lens hoods.  However, wind-driven wet snow
has been shown to block the lenses of some instruments in spite of the added protection (see
Figure 2).  A recent EUMETNET project reported similar impacts to operations caused by ice and
wet snow blocking sensors and instrument shelters [EUMETNET, 1999].

Special considerations have to be made when
installing and maintaining stations in mountain and arctic
climates.  This is especially true when the sites are located
on or near permafrost.  For those stations, great care must
be taken not to disturb the terrain.  The installation at Haines,
Alaska  (see Figure 1) is an example of the steps taken to
prevent damage to the underlying permafrost.  The
transmission of heat energy is minimized by thick layers of
gravel and insulation both at the sensor suite and the
access road.

At some mountain/arctic sites, such as the Haines, Alaska site, the addition of a strong
fence is required to prevent damage to the automatic weather station by large wildlife species such
as bears and moose.  In the Svalbard region of Norway, where fences are not permitted, all
exposed cables must be protected with sturdy stainless steel tubing to avoid damage caused by
polar bears.

At selected automatic weather stations, extreme
snow depths may be encountered.  In order to prevent deep
snow from covering the sensor suite, some stations in the
United States have been installed on elevated platforms. At
Mullan Pass, Idaho, the sensor suite is mounted atop a
fourteen-foot (4.3 meter) high platform (see Figure 3).

2.2  Maritime Climate

Operation of automatic weather stations in coastal
environments also presents many challenges.  Installations along the coast are usually subjected to
the effects of sea spray.  The residual salt from the spray can coat the lenses of optical sensors,
reducing sensor functionality while increasing the maintenance workload required to clean the
lenses.

Sea spray can also contribute to a more rapid deterioration
of materials used in the automatic weather station. At a minimum,
the corrosion caused by salt air and sea spray increases the
maintenance workload needed to prevent early failure of
materials.  Left unchecked, severe corrosion can cause
weakened components to fail suddenly, resulting in a loss of
support structures and sensors (see Figure 4).
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Figure 5. Corrosion

        Figure 6.  Ice Accretion

Salt corrosion is an incessant problem at maritime coastal
stations, causing premature component failure.  For example, metal
junction boxes exposed to salt spray experience complete corrosion
after 4 to 5 years of service.  Figure 5 shows a typical case of such
corrosion after less than 5 years service on Sable Island, Nova Scotia.
Aluminum boxes fare somewhat better, lasting 8 to 9 years before
replacement is necessary.  Open wiring is usually clear coated where
boxes are not completely sealed.  Boxes, even if completely sealed, will
have a small hole bored to ensure moisture drainage in the event of
moisture formation.  Desiccants are used in all Canadian applications.
The service technicians are currently experimenting with various new
rust inhibitors to further extend the life of these systems.

Sable Island also presents excellent examples of the deterioration caused by blowing sand
and salt.  The site is a small sand-covered island approximately 200 km east of Nova Scotia.
Incidences of blowing sand result in a sandblasting effect, frosting over glass sensors such as the
sunshine recorder.  In addition, the sandblasting removes the anodized coating on aluminum
surfaces, thus increasing the rate of salt corrosion.

Some coastal stations at high latitudes, such as St.
John’s, Newfoundland, are extremely susceptible to the
problems caused by freezing precipitation and icing
accompanied by high winds.  These stations may
experience ice accretion on the sensors rendering the
output from the station unrepresentative.  Figure 6 shows
typical ice accretion on cup and vane wind equipment at St.
John’s.

At coastal sites, electrical connectors and junctions
are often replaced with aluminum parts, although conversion to PVC is preferred.  Silicone grease
is applied liberally to inhibit corrosion.  A new formulation is currently being tested.  This substance
has the consistency of petroleum jelly when applied, and thickens to a flexible finish as it dries.  It
can easily be scraped off and has good potential for protecting connectors and seals.

Some coastal sites require unusual precautions
when the automatic weather station must be sited very
close to the water.  The sensor suite at Sitka, Alaska is
installed at the top of an abandoned seaplane ramp very
close to the bay.  During periods of high winds, the
swells on the bay would heave large rocks up the ramp
at the sensor suite.  Thus, a substantial seawall had to
be constructed to prevent damage to the equipment.
Coastal stations may also be affected by extreme wind
speeds during the passage of hurricanes and severe
cyclonic storms.   Therefore, automatic weather station
equipment at these sites must be capable of withstanding
wind speeds up to 75 m/sec [WMO, 1996].

2.3  Desert Climate

Automatic weather stations installed in desert environments are subjected to a combination
of extremely high ambient temperatures, low relative humidity, and blowing dust and sand.  As
mentioned earlier, blowing sand and dust can have a sandblasting effect on surfaces such as
glass covers, sensor lenses, anodized aluminum, and painted surfaces.  Certain adhesives can
also be modified by constant exposure to high temperatures and blowing dust and sand.  

Exposure to these conditions, plus the effects of extremely high ultraviolet radiation, can
result in early failure of insulation on exposed wiring and more frequent maintenance actions to
repaint metal surfaces.

Figure 7. Sitka, Alaska
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2.4  Tropical and Sub-Tropical Climates

With the exception of hurricane-force winds
mentioned earlier, excessive rainfall is the primary
concern at stations installed in tropical and sub-
tropical climates.  Sudden torrential rainfall can easily
submerge equipment that has been installed in low-
lying areas as shown in Figure 8.  To minimize
damage to equipment that must be installed in flood-
prone areas, the sensors and communications
equipment can be mounted on the same type of
platforms that are used in mountainous regions.
During the massive flooding of the Mississippi River
valley in 1993, the Jefferson City, Missouri ASOS was
spared any significant damage through the use of such a
platform (see Figure 9).

3.  General Design Considerations

Power and communications are critical
elements of all automatic weather stations, regardless
of the severity of the environment.  Some simple
Norwegian stations - measuring temperature, humidity,
pressure, and wind – have been designed to operate
on battery power for up to two years.  Such stations
must necessarily have a very carefully calculated
power budget without much need for heating.   Remote
sites are also prone to interruptions in commercial
power.  Therefore, these sites may be configured with
uninterruptable power supplies to span the gaps in
available AC power.  Telecommunications may be
unavailable or unreliable at some remote sites.  In such cases, satellite communications or other
backup means of communications needs to be provided in order to ensure a smooth flow of data.
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Figure 8.  Flooded Sensor Suite

Figure 9. Jefferson City, Missouri
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METEOROUTES :
The Walloon meteorological observation programme which aims

at improving climatic forecasts
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ABSTRACT

Numerous investments have been made to carry out the "Météoroutes" programme
which strives to offer a better service to the Walloon citizen during wintertime.

The Walloon territory is covered by fifty automatic weather stations. These stations
permanently pick up parameters related to atmospheric conditions and road climatology.
The network systematically sends these parameters to the PEREX centre (permanent
station for network operation) and to the Air Force METEO WING which make short-term
climatic forecasts for each of the main stations.

Although the measures are not carried out in compliance with W.M.O. specifications,
their multiplicity enables the forecasters to fine-tune their predictions.

Taking account of a data exchange possibility, it is obvious that the automatic
measurements carried out by the road managers of numerous countries can be of great
benefit to meteorological observation services.

Presentation of "Météoroutes"

Each country, each region is aware of the difficulty to maintain minimum traffic
conditions on its own road and motorway network. Road managers pour considerable
energy as regards human and financial resources into the territory's winter serviceability.

In winter, the climate of the Walloon Region is often characterized by alternate cycles
of night frost and positive day temperatures.

Wallonia has  variable geographic features which only benefit little from maritime
influence and are subjected to south-west prevailing winds.
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Example of road temperatures graphic

The "Météoroutes" project was set up to make up for all the inaccuracies related to
pavement temperature forecasting.  The project consists in centralizing all the climatic data
at one permanent station for network operation called PEREX.

To achieve this, the M.E.T. invested in the installation
of 15 main weather stations and 33 secondary stations.

With the help of our consultant, professor ERPICUM,
specialist in climatology of the Liège University, the main
stations have been set up so as to cover the region and to
warn of the arrival of cold fronts wherever they come from.

Nearly all of the stations are located alongside the
motorway network so that we can use our own electricity
power supply system and communication network.

The aim pursued is to create a system for pavement
surface temperature forecasting nearby each main station –
which means that 15 different forecasts are made.

The stations measure relative air humidity, temperature, wind speed and direction,
global radiation (pyranometer), atmospheric radiation (pyrgeometer).  A rainfall detector
indicates the nature (rain or snow) and the intensity (high, low, nil) of precipitation and a
pluviograph has also been placed to determine its quantity.  This recording raingauge
measures the amount of precipitation averaged over periods of 6, 30 or 60 minutes.

Example of frost and
defrost

On upper curves (road
surf. Temp.) there is a
gap between  –4°C and
+3°C.

Main station
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Ground based sensors which are of prime importance to our services measure the
temperatures at pavement surface as well as at 5, 10 and 20 cm below pavement surface
in order to take account of the thermal inertia of the road foundation. Moreover, these
sensors indicate the condition of the pavement surface – dry, moist or wet.

The secondary operational stations situated in
each road district are less sophisticated and are
equipped neither with wind and radiation sensors nor
with pluviographs. Temperature sensors are installed at
pavement surface and at 5 and 10 cm below. They are
very useful to the local managers who refer to them in
real time.

All the stations gather the measure data. They
process them and send them every 6 minutes to a
central unit of the PEREX centre and to the METEO
WING.  More than 78000 climatic measures as well as
more than 43000 measures coming from the road
sensors are processed automatically each day.

Although some measures do not comply entirely
with W.M.O. standards, it would be a pity if they would

not be taken into consideration by meteorologists.

To endow these data with characteristics ensuring their validity and reliability in time,
a certain number of conditions must be satisfied. As far as the Walloon Region is
concerned, a maintenance programme was developed for the weather stations and ensures
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that repairs of the sensors will be carried out at short notice. This means that, in winter, a
temperature sensor should be replaced within 5 hours from the moment that the failure was
detected.

The METEOROUTES programme fits in with a traffic management scheme
operational night and day. In case of malfunction, this system makes quick action possible
by analysing the failure detection software as well as data from video images or additional
information provided by the managers.

Data are centralized and archived at the Perex Centre (which stands for Permanence
d’Exploitation) and are redistributed to the managing road districts, the territorial
directorates, particular users of the Walloon Region as well as to the Liège University.

The network architecture is based on advanced technological elements such as
automatic data acquisition stations, a specific X.25 network, Unix computers, AIX work
stations, an IP WIN network, and also local user NT terminals.

The thoroughness of the whole system follow-up enables to guarantee the credibility
of the measured meteorological data.  Weather forecasters can process these measures in
order to confirm their data, to refine their forecasting application and to conduct climatology
studies.

At present, a complete counting of this type of weather stations is being carried out
within the framework of the CIMO.
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