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FOREWORD
This conference, the WMO Technical Conference on Meteorological and
Environmental Instruments and Methods of Observation (TECO-2002), is held in
conjunction with the thirteenth session of the Commission for Instruments and Methods
of Observation (CIMO-XIII). It is being held at Bratislava, Slovak Republic, from 22 to 25
September 2002.
Also, in conjunction with TECO-2002 and CIMO XIII an Exhibition on
Meteorological Instruments, Equipment and Services (METEOREX-2002) has been
organized to provide participants with an additional opportunity to view the latest
developments in instrumentation by manufacturers from many countries.
The International Programme Committee for TECO-2002, was composed of R.
Canterford (Scientific Director of TECO-2002), M.Ondras (Slovakia), J. Kruus (Canada),
A. Belhouji (Morocco), A. Gusev (Russian Federation) and J.Nash (United Kingdom).
They were responsible for specifying the themes and contents of sessions as well as
selecting the papers. Mr K. Schulze provided WMO Secretariat support during this
process.
This conference has given authors and participants the opportunity to present and
discuss progress in meteorological observing technology.
The conference topics have been designed to reflect the progress and the
diversity of the main areas of CIMO activities, as stated in the WMO Instruments and
Methods of Observation Programme (IMOP). These topics are designed to include
surface observation systems, automatic weather stations, intercomparisons, instrument
design, solar radiation observations, quality of observations, upper air observation
systems (in-situ and remote), weather radars and lightning detection systems,
measurement of atmospheric composition, management of efficient (financially) and
effective networks and, most importantly, capacity building and technology transfer.
You will see from the large range of papers presented under the conference
theme that they display progress through innovations to improve the quality and
homogeneity of observations, for the essential observational requirements of the WMO
Programmes and National Meteorological and Hydrological Services.
I wish to express my deep gratitude to the Government of Slovakia and the
Slovak Hydrometeorological Institute, to authors of papers, to members of the
International Programme Committee, to the Local Organizing Committee and to the
Secretary-General of WMO for their efforts and the resources devoted to planning and
holding TECO-2002.
(Dr Ray P. Canterford)
Vice-president of CIMO
Scientific Director of TECO-2002
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Managing Natural Disasters in Coastal Areas- an overview
S K Srivastav
President, CIMO & Addl. Director General of Meteorology, India Meteorological Department

Introduction
Natural disasters are events caused by the forces of nature that adversely effect
on human settlements, and environment. The coastal zone is the transitional area
between land and sea. It is defined, as a strip of land and sea of varying width
depending on the nature of the environment and management needs. It seldom
corresponds to existing administrative or planning units. The natural coastal systems
and the areas in which human activities involve the use of coastal resources may
therefore extend well beyond the limit of territorial waters and many kilometres inland.
The worldwide average width of the coastal zone on the terrestrial side is said to be 60
km. The zone occupies less than 15% of the Earth's land surface, yet it accommodates
more than 60% of the world's population. Furthermore, only 40% of the one million-km of
coastline is accessible and temperate enough to be habitable. As a result, coastal zones
are marked by above-average concentrations of people and economic activity. This
coupled with their proximity to the ocean makes them one of the most sensitive zones
for natural disasters. In the future, it is estimated that about 600 million people will
occupy coastal flood plain land below the 1000-year flood level by 2100 (Nicholls and
Mimura (1998).
Every year natural disasters result in considerable damages to life and property
not only in the coastal zones but also in other vulnerable areas. 2001 has been a year of
average losses, as compared to 1999 with record number and 2000 with few losses.
Figure 1 gives the numbers of natural disasters and their damage estimates. As coastal
zones are more prone to natural disasters there must be better management policies to
adjust and cope with such events. In most countries throughout the World, coastal zone
management has traditionally been practiced in a sectoral fashion, based upon political
or socio-economic boundaries. More recently, the concept of Integrated Coastal Zone
Management (ICZM) has led to the idea that coastal zones would be more effectively
and efficiently managed on the basis of information inputs from various sectors including
improved weather warning and management systems. Remote sensing, Geographical
Information Systems (GIS) and the Information Technology offer potential solutions for
ICZM. Remote sensing has, for a long time, been an invaluable source of environmental
data and information. It has many advantages, including the capability to collect data
over large tracts of land at any one time, and at a range of scales, from low-resolution
data covering large areas, to high-resolution data covering smaller areas. Moreover,
remote sensing provides a unique ability to collect both terrestrial and marine data in one
seamless dataset. With the vast amount of data available about the coast, and with the
potential to add even more data into the system (including remotely sensed imagery,
and online GIS), there also needs to be a new, more simple, but also more effective way
of gaining quick and easy access to this data and information.

Figure 1. Natural disasters – numbers and their damage estimates during the
years (Topics 2001, Annual Review: Natural Catastrophes in 200 by Munich Re
Group)

Potential Natural Hazards to Coastal Zones
There are a wide variety of meteorological phenomena, which pose a threat to
the coastal zones. They could be roughly listed the following:
•
•
•
•
•

Floods/flash floods, cloud burst, heavy precipitation
Tropical cyclones and their associated storm surges
Severe convective storms - thunderstorms, hailstorms, tornadoes,
lightening, dust storms, sand storms
Heat wave and cold wave
Snow avalanches
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•

Sea erosion

The spatial and temporal scales of these hazards vary widely from short-lived, violent
phenomena of limited extent (e.g. severe thunderstorms), through large systems (e.g.
tropical cyclones). These events can subject large regions to disastrous weather
phenomena like strong winds, heavy flood-producing rains, storm surges and coastal
flooding, heavy snowfall, blizzard conditions, freezing rain and extreme hot or cold
temperature conditions for periods of several days. With this wide variety of the scales of
weather phenomena, the requirements of meteorological and hydrological forecasting for
effective early warning of these hazards also vary spanning over a very broad spectrum.
These can range from very short range forecasts of less than one hour in the case of
severe thunderstorms and flash floods; through short and medium range forecasts of
from a few hours to days for tropical cyclones, heavy rains, extreme temperatures and
high winds.
The various natural hazards pertaining to coastal zones can be summarized as
below:

Meteorological
(M)

Hydrological
(H)
Geological
(G)

Human Activity
Induced
(A)

Cyclone

Wind Damage

Severe Thunderstorm

Heat & Cold Waves

Heavy Rainfall

Urban Floods

Drought

Volcano

Srorm Surge

Earthquakes

Floods

Tsunami

Chemical Leak

Climate Change

Air Pollution

(Oil Spills)

Salinization

Siltation

Water Pollution

Tropical cyclones
Tropical cyclones are intense vortices in the atmosphere with strong winds
circulating anti-clockwise around a low-pressure area in the Northern Hemisphere and
clockwise in the Southern Hemisphere. They are capable of causing massive destruction
in three ways: by high winds; heavy rainfall causing inland flooding; and storm surge
inundating low lying areas. Tropical cyclones form in the warm tropical oceans where the
sea surface temperature is at least 26.5 C. They may last with destructive power for two
weeks or more where a large open sea is available. The storm surges are by far the
greatest killers in a cyclone. The Bay of Bengal region has the distinction of having
experienced the world’s highest recorded storm tide of 41 feet (1876 Bakerganj cyclone
near Megna estuary, Bangladesh). As a result of storm surge, sea water inundates low
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lying areas of coastal regions causing heavy floods in the coastal areas, eroding
beaches and embankments, destroying vegetation and reducing soil fertility. Very strong
winds may damage overhead installations, dwellings, communication systems, trees
etc., resulting in loss of life and property. Flood and tidal waves due to storm surges
pollute drinking water sources resulting in shortage of drinking water and causing outbreak of epidemics, mostly water borne diseases. Past records show that very heavy
loss of life due to tropical cyclones have occurred in the coastal areas.

Floods
Floods are excessive accumulation or flows of water, which result from heavy
rainfall. They include flash floods, which are caused by rapidly rising and falling rivers
and overland flows resulting from the rapid run-off of intense rainfall from upland areas
(usually hilly upstream); river floods in which river water spills over adjoining land;
rainwater floods from the ponding of rainfall run-off and the raised ground water-table
flood plain depression; tidal flooding, usually saline from the outflow of coastal rivers at
high tides; and storm surge floods associated with the passage of tropical cyclones.
Excessive runoff from the catchment due to heavy rainfall, concentrated in short
time periods resulting in the spilling over the banks of the river channel may be due to
inadequate channel capacity.
Heavy sediments brought from the catchments are
deposited on the riverbed reducing the channel capacity thereby increasing the flood
risk, Breaching of embankments/failure of a dam results in flood inundation. Human
interference with the floodplain disturb the flow regime and increases the flood risk, The
drainage congestion caused by natural processes and human activities further
aggravates the flood problem.

Climate Change and sea-level rise
Many coastal areas are already experiencing coastal erosion, sea-water intrusion
and sea-flooding. The increased sea-levels due to climate change may aggravate these
problems. Productive coastal ecosystems, coastal settlements and islands will be
vulnerable to these pressures. Tropical and sub-tropical coastlines, which are under
significant population pressures, will be significantly impacted by these changes.
Salinization of potable ground water, inundation of coastal zone and erosion will be
exacerbated. Climate change will also directly impact coastal wetlands, especially
mangroves, coral reefs, lagoons and estuaries. Large scale bleaching of corals has been
already reported. The extent of impacts will depend on the rate of sea-level rise. Strict
protection; preparation of action plan for each component, regeneration, and providing
space for backward movement of species are some mitigating measures.
Effects of climate change on coastal has been mostly considered from the
standpoint of sea-level rise. Increase in air-sea and sea-surface temperatures, changes
in wave characteristics, storminess and tidal regions will also impact coastal zones. Sealevel rise will impact the low-lying areas such as deltas and coastal plains. More severe
storm-surge flooding, saltwater intrusion and sedimentation will be some of the potential
impacts of climate change on coastal areas.
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Tsunami
Tsunami’s (Japanese for "harbor wave”), are large waves generated by
earthquakes, landslides, volcanic eruptions, explosions, and even the impact of cosmic
bodies, which can savagely attack coastlines, causing devastating property damage and
loss of life. Coastal zones are always prone to such tsunami hazards caused by natural
phenomena occurring at regions far removed from the actual coastal zone. Although,
tsunami is sometimes referred to as "seismic sea wave" because of its frequent
association with an earthquake it can also be caused by a non-seismic event, such as a
landslide or meteorite impact.
Tsunamis are characterized as shallow-water waves, with long periods and wave
lengths. They are often observed with wavelengths in excess of 100 km and period on
the order of one hour. Due to their large wavelengths, tsunamis propagate at high
speeds, great transoceanic distances with limited energy losses. As a tsunami
approaches shore, it begins to slow and grow in height. They inundate and flood
hundreds of meters inland past the typical high-water level, damaging homes and other
coastal structures. Despite energy losses on approaching shore, tsunamis still reach the
coast with tremendous amounts of energy with great erosional potential, undermining
trees and other coastal vegetation.

Observational aspects
Surface weather
A dense network of observations is required to assess and mitigate weatherrelated hazards to the coastal zone. Also, ocean based data collections through buoys is
necessary. Installation of Automatic Weather Stations over coastal areas will immensely
help monitoring and warning coastal zones about hazardous weather. It is important to
consider the topography and vulnerability of the coastal zone to severe weather before
deciding on the weather station network requirements. The network should also be
capable of disseminating the weather data collected on real time basis for use in
forecasting offices. This will enable quick diagnosis and planning of mitigative
measures. Severe weather systems affecting coastal areas mostly have their origins in
the seas and oceans adjoining the coast. It is therefore necessary to enhance the data
collection efforts over the oceans. Although space based and remotely sensed data is
available is important to have actual observation at the surface. Ship observations and
data from ocean buoys are crucial while decisions are taken on track forecasts of
storms. Both in-situ and remote sensing techniques have been evolving during recent
past. Automatic Weather Stations (AWS) and Automatic Weather Systems (AWSs)
have taken an operational status in some of the important development in Ground Based
Remote Sensing Techniques. The monitoring system for specific type of natural disaster
need a combination of several techniques as some of these pointedly observe whereas
some others provide supporting observation to evolve warning mechanisms. This needs
high degree of expertise and investment.
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Satellite observations
Satellite measurements systems have been continually evolving to enable better
monitoring of synoptic systems over the oceanic regions adjacent to coastal areas.
Satellite based systems are used to obtain both images and quantitative information
about meteorological features of the lowest 20 km of the atmosphere. Space-based
observations together with surface-based networks provide invaluable monitoring of
weather and climate, providing prior information on natural hazards. Since the 1960s,
when the first weather satellites were introduced, the space-based observational
systems have evolved substantially. They have been particularly useful in monitoring
coastal zones and biological activity as well as weather hazards associated to coastal
zones.

Doppler Radar and other Radar networks
Radar observations are very useful in detection and monitoring severe weather,
which could be potentially disastrous. Since there is a wide range of weather
phenomena, a variety of radar characteristics are used according to requirements. A
reliable radar network can provide adequate means for monitoring severe weather over
a large stretch of coastal zone. The present generations of Doppler radars, which can
identify and provide a measure of intense winds associated with tropical storms and
thunderstorms downbursts, have enhanced our capabilities. Radars can also provide
good description of heavy precipitation associated with mesoscale weather systems
often encountered in coastal areas with topography. Optimal network of radars can
therefore help in monitoring hazardous weather capable of damaging effects on coastal
zone. Figure 1 shows a Doppler radar image of a weather system over the southeastern
coast of India.

Figure 1. A typical PPI (Z) of a weather system over Southeast coast of India.
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Monitoring System for Coastal Hazards
1.
For effective monitoring and early warning about coastal zone natural hazards
there should be an integrated monitoring system. The system will incorporate latest
technologies of meteorological instruments coupled with suitable networking
mechanisms and dissemination system. The systematical diagram below illustrates the
components of such a system.

Coastal Zone Monitoring System
Monitoring System
(Land)
Surface
Meteorological

Remote

Space
Based

Ground Based

Automatic Weather Stations

Sodar (Doppler)

AVHRR

Lidars

Water Vapour

High Response Raingauges

Wind Profilers

CCD Camera

Disdrometers

Doppler Radars

High resolution GPS Radiosonde

Mesoscale Observation Stations

Microwave
Radiometer
GPS Occultation
From Water Vapour
LWS
Advance Lightning
Detection System

High Resolution Camera
for
Land Images
Quantitative
Precipitation
Multi Channel SST
ATOVS
Microwave
Sensing
TRMM
Colour Monitoring
Multiscanning
TOMM and other Ozone
Measuring Payload
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2.
It is imperative from coastal zone management that the integrated observations,
both from land and sea, should be evaluated. The monitoring of sea state and other
parameters is a complex, logistically difficult and expensive proposition. Sea platforms
like the data buoys, instruments on board ships, etc. need to be deployed supplemented
with merchant navy ships. Recent development of polar orbit satellites has unanimously
complemented with inaccessible data sets. However, standardization and calibration of
weather parameters yet remains a problem. Development of new techniques like ARGO
floats are providing very useful means in collection of valuable sub-surface sea data.
Consolidated efforts are required to homogenize the entire land and sea data in order to
make best use in Atmosphere – Land – Ocean coupled models to evolve a reliable
forecasting system.

Monitoring System
(Ocean)

Surface
Date buoy Parameters:
•
Pressure,
•
Temperature
•
Relative Humidity
•
Winds
•
Sea Surface Temperature
•
Salinity
•
Precipitation
And Tidal Winds etc.
•
Instrumented ships Parameters:
•
Salinity
•
Temperature Profile
•
XBT
•
Radiosondes etc

Remote
Radar Products:
•
Storm Surge
•
Winds
•
Precipitation

Satellites:
•
Ocean Colour
•
Tidal Waves
•
Surface Winds
•
SST
•
Water Vapour
•
Precipitation

Merchant Ship for surface Parameters:
ARGOs Parameters:
•
Ocean Current
•
Temperature
•
Salinity
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Integrated Management Strategies for Coastal Zone
Integrated management strategies to ensure safety against natural hazards such
as high waves, storm surges, and tsunamis have to be evolved and operationalized. In
urbanized coastal zone vulnerability of support systems like waste management
facilities, water supply and roads need to be taken into account. Disaster prevention
facilities along the coast may have to be strengthened keeping in view present and
potential (including those due to climate change) damage threats. Increased water table
due to sea-level rise may weaken coastal structures and predispose them to other
natural hazards like earthquakes and storm related damages. If we carefully examine
the process of risk reduction we arrive to the following five basic steps:
•
•
•
•
•
•

Evolving efficient monitoring and surveillance system
Evolving accurate early warning systems
Putting in places an efficient warning dissemination system
Evolving pre-disaster hazard, vulnerability and risk assessment inventories
Evolving efficient post-disaster management and mitigation strategy.
Public Awareness.

In addition to conventional techniques, a number of new techniques have
emerged in the recent past in the area of whether and climate monitoring. Evaluations
of high-resolution area specific models have been developed. Their operational uses
have become possible due to high-speed bulk data crunching computers available at
lower prices. Thus, in addition to surveillance system have provided effective tool in
providing early warning for some of the natural disaster effective. Rapid strides in
satellite communication have resulted into fail-safe warning dissemination system. The
technological interventions are showing the results for evolving effective meteorology’s
for risk assessment and management during pre and post disaster periods. However,
this area is still in evolution phase and lot of work needs to be done.
Availability of advance computer and development of software technologies have
allowed rapid strides to management strategies of natural disaster. Multi-LayerGeographical Information System (GIS) has emerged as most handy tool for effective
management in different phases of disaster. However, these technologies are still in
evolution phase and adoption in developing countries needs to be encouraged.
In summary, there is a strong need for integrating physical impacts and
socioeconomic implications in the coastal zone. Both evolving integrated observational
network and disaster management planning is an inter-disciplinary, inter-commissional
issue. Thus, there is also a growing need for emphasis on effectively bringing together
researchers, policymakers, other stakeholders and resident communities and creating a
framework that integrates into the current coastal management procedures.
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Introduction
Experimental data on the effect of icing on meteorological sensors have been published in the literature. The
EUMETNET project ‘Specifications on severe weather sensors’ (Tammelin and al., 1999) summarized most
of the knowledge in this field. Following this report, SWS II, a new EUMETNET project on the effect of
icing on sensors was launched in 2000. Field tests have been conducted at three test sites during the winter
2001-2002 : Luosto in northern Finland, Mont Säntis in the Swiss Alps, Mont Aigoual in south of France
(Tammelin and al, 2001, 2002). The effect of icing is generally studied for wind measurements. Temperature
and humidity measurements are also affected by icing. The Eumetnet SWS II project included the test of
different sensors and screens used for temperature and relative humidity (RH) measurements.
Instruments tested

SWS measurements: Winter 2001-2002 Temperature
and humidity sensors

Thygan THY

Rotronic ROT

Eigenbrodt EIG

Socrima SOC

Vaisala PT100, HMP45D

A, L, S

A, L, S

L

A

L

Vaisala HMP243

Metek MET

Irdam IRD

Thies THI

NOWA NOW

L

A, L, S

A,L

L

S

The following instruments have been installed and tested.
Three types of naturally ventilated multi-plate screens :
• Vaisala (Luosto, Säntis), including a Pt100 probe and a Vaisala HMP45 humidity sensor.
• Socrima (Aigoual), a screen widely used in the Meteo-France network, including a Pt100 probe and a
Vaisala HMP35DE humidity sensor.
• IRDAM (Aigoual, Luosto) is a hot film anemometer. It includes at the bottom of the sensor body a small
multi-plate screen with a Pt100 probe and a RH sensor.

Four types of artificially ventilated screens :
• Rotronic (Aigoual, Luosto, Säntis) : The air is aspirated at the bottom centre and leaks along the
protection cap. The screen includes a Pt100 and a Rotronic capacitive RH sensor.
• Eigenbrödt (Luosto) : A ventilator is installed at the top of a multiplate screen, including a Pt100 probe
and a RH sensor (a Vaisala HMP45 has been used).
• THYGAN (Aigoual, Luosto, Säntis) is a chilled mirror dew point sensor. The air is aspirated at the
bottom and rejected at the top. There is a measurement cycle of 10 minutes, including some internal and
external heating process. The sensor outputs dew point and the air temperature.
• Vaisala HMP243 (Luosto) is a mixed system. Dew point is calculated using a capacitive RH sensor in an
artificially heated air flow, where the RH and the temperature are measured. The air temperature is also
measured under a naturally ventilated multi-plate screen.
Three wind sensors, delivering also the air temperature :
• Metek USA-1 (Aigoual, Lusoto, Säntis) is a 3D sonic, calculating the sonic temperature.
• Thies (Luosto) is a 2D sonic, , calculating the sonic temperature.
• NOWA (Säntis) is a hot wire anemometer. Thermocouples in the sensor body measure the temperature.
Choice of a reference
Considering past tests and experiences, no instrument was considered as an absolute reference known to be
ice free under all circumstances. Nevertheless, the THYGAN was selected and used as a relative reference
for the following reasons :
• A long and successful experience from MeteoSwiss.
• The physical principle used for the measurement of dew point (chilled mirror), widely used in
laboratories. The Thygan has been designed for field measurements.
• The artificially ventilation minimizing radiation errors.
• A heating cycle, including the sensor body, which minimizes the risk of ventilation blocking by ice or
snow.
• The installation of this sensor on each test site.
Measurement errors occur with this sensor when the air flow is totally blocked by ice or snow. Such extreme
circumstances have been identified, using visual observation of the sensor (when available), an internal
status of the Thygan and comparison with temperature measured by a sonic anemometer. When the Thygan
airflow is blocked, the indicated temperature is likely to be warmer than the true air temperature. The RH is
also lowered, both RH and temperature exhibiting unusual rapid variations. The sonic temperature has been
seen to be biased with a near constant value. When the Thygan air flow is blocked, the temperature
differences between Thygan and sonic increase and this may be a good indicator of a problem. Performance
of sonic temperatures during the SWS II tests have been studied (Musa, 2002).
Data analysis
Data were acquired every 10 minutes from 1-Sept-2001 to 30-April-2002. Numerous icing events were
experienced at all three sites. Visual observations of the sensors were made at Mont Säntis and Mont
Aigoual, while a video camera was permanently observing the sensors at Luosto. From these observations, a
classification of the icing state of each sensor has been manually done : 0 for no ice to 3 for sensitive
elements completely covered with ice.
Scatter plots of a given sensor compared to the Thygan have been drawn, taking in account the different ice
classifications (one different colour for each icing class). Such plots have been drawn for each parameter (T,
RH), each sensor and each test site. The final SWS II report will include detailed and exhaustive results. An
example is shown.
On the whole test period, the majority of the temperature measurements taken under a screen are within
±2°C of the Thygan values. Larger differences, up to 5°C, may occur in specific conditions, which will be
detailed below.
A 10 days period with a long icing period at Mont Aigoual is shown below and is a good illustration of the
major effect of icing on the different types of measurement. For RH, the measurement of Thygan (reference),
Socrima (multi-plate screen) and Rotronic (artificially ventilated screen) are shown. For temperature, the
sonic temperature from Metek is added. Measurements from IRDAM (small multi-plate screen) are not
shown to avoid confusion on the graphs.

•

•
•

•

•

During period 1, no icing occurs. The temperature measurements are close to the Thygan reference.
There is a constant bias of about –2.4 °C for the Metek sonic temperature. The Rotronic screen exhibits
warmer temperature (~1°C) around noon. This is an effect of solar radiation on this type of screen. The
RH measurements are so close together that they cannot be separated on the graph.
2 indicates the beginning of icing. Photos show that the screens are rapidly covered with ice.
Quite quickly, during period 3 and 12 hours after 2, the Rotronic begins to indicate higher temperature
values (~3°C). The IRDAM temperature also indicates higher values. Photos show that both screens are
blocked with ice, including the aspiration of the Rotronic. An explanation of higher Rotronic temperature
values, both during day and night (thus excluding solar radiation errors), is that the internal air, not
replaced by outside air, is heated by the ventilator itself. Being heated, the RH of the internal air is
lowered as shown on the RH graph. For the IRDAM, the small multi-plate screen being blocked by ice,
the temperature inside is increased by conduction of the heat in the body, which is large enough (300 W)
to keep the body free of ice. The IRDAM RH stays close to 100%. The Socrima screen is also blocked
with ice. But there is no internal heat source and the measured temperature stays very close to the
Thygan. The ice on (and inside) the screen is at the same temperature than the air. The Socrima RH
stayed close to 100%, as the reference Thygan RH, fog occurring during this whole period.
Period 4. Photos show that the Thygan is blocked with ice. Though icing conditions continue, the
Thygan RH decreases and exhibits rapid fluctuations. The Thygan temperature also increases, compared
to the Metek sonic temperature (and Socrima). The physical explanation is the same that for the Rotronic
during period 3 : the aspiration inlet is blocked with ice and the internal air is warmed, increasing the
measured temperature and decreasing the RH. The differences between Socrima and Metek temperatures
remain constant, indicating that these two measurements remain unaffected. The sunny morning of the
19 February did not generate radiation errors with the Socrima.
Period 5. the Thygan ventilation is no longer blocked with ice. Thygan, Socrima and Metek (with bias)
temperatures are close together. Rotronic progressively recovers as the aspiration inlet becomes ice free,
Rotronic RH increases. At the end of this period 5, the Thygan and Rotronic RH decrease down to 45%.
The Socrima RH remains very high (>90%), due to remaining ice on the screen, which is still disturbing
the air close to the RH sensor.

Some conclusions
A deeper analysis and detailed results for each type of screen tested will be part of the final SWS II project
report.
With the exception of the Thygan, the screens are not artificially heated, so ice may remain on the screen
during long periods, the ice disappearance depending on solar radiation and/or positive air temperature.
A first conclusion is that the effect of icing on the temperature measurements is much less spectacular and
more limited than the effect of icing on wind measurements. The majority of measurements are within ± 2 °C
of the Thygan. Larger errors, up to 5°C, may occur when the aspiration intake of artificially ventilated
screens is blocked with ice, due to internal heat sources or solar radiation. Naturally ventilated multi-plate
screens may also exhibit large temperature errors (5°C), when completely covered with ice, in presence of
solar radiation. But surprisingly, some multi-plate screens have less frequent large errors than some
artificially ventilated screens. This is not the case of RH measurements. Very large errors occur when a
screen is covered with ice, except during icing events, when both outside RH and inside (the screen) RH are
close to 100%. RH measurements inside artificially ventilated screens are correct, as soon as the ventilation
inlet is not blocked.
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Introduction
The Norwegian Meteorological Institute started a National Thermometer Screen Intercomparison in
January 2000. In September 2001 an artificial ventilated thermohygrometer was included in the
intercomparison. The artificial ventilated temperature measurements are compared with temperature
measurements obtained from a Pt100 sensor mounted in a wooden double-louvered screen type MI-46 which
are the standard screen used at manned stations in Norway. Humidity measurements from the dew point
type termohygrometer are compared with relatively low cost polymer type humidity sensors mounted in
small size cylindrical temperature screens.
Test field
The picture below shows the layout of the test field. The MI-46 screen is seen in the right hand side of the
picture, while the THYGAN and different cylindrical screens for temperature and humidity measurements
are mounted on the rack in the middle of the picture. All sensors are approximately 2 m above the ground,
which is covered by short cut grass in summer time.

Figure 1: The test field at Blindern, Norway
Objectives
The main objectives for including an artificial ventilated termohygrometer in the Thermometer Screen
Intercomparison are to:
!

Investigate the magnitude of temperature differences between the artificial ventilated
temperature obtained from THYGAN and the natural ventilated temperature measurements
obtained from the standard MI-46 screen.

!

Investigate the behaviour of low cost polymer sensors especially during sub-zero
temperatures

!

Try to establish calibration intervals for polymer sensors used at remote stations

Influence parameters.
The test field is equipped with sensors for wind-speed and wind-direction (2 m above ground) as well
as sensor for global radiation. Data from these sensors are included in the collected intercomparison data
sets. Wind data are measured by a Vaisala standard wind sensor, while a Kipp & Zonen solarimeter measures
the global radiation. Precipitation amount observations can be added by including measurements from the
operationally used AWS close to the test field.
Sensors and references
The artificial ventilated termohygrometer used is the THYGAN manufactured by Meteolabor,
Switzerland. Due to results from earlier testing of THYGAN (see IOM report no. 38, WMO International
Hygrometer Intercomparison) the THYGAN is chosen as reference for the humidity measurements, while
the Pt-100 temperature obtained from the MI-46 instrument screen is treated as temperature reference.
The temperature both in the MI-46 standard screen and in the cylindrical screens used is measured
with Pt 100 sensors according to the specification of IEC-751 Class A. They were calibrated in our
laboratory with an uncertainty better than ±0.1 °C within the required temperature range from -30 °C to
+35 °C. Humidity sensors included are one Vaisala HMP45D, normally used at Norwegian automatic
weather stations, and one Rotronic MP100 sensor. The humidity sensors are mounted in two identical
cylindrical screens, adjacent to the THYGAN.
Data acquisition and storing
The THYGAN is programmed to give a new data set every ten minutes. The dataset from the
THYGAN consists of averaged measured values for ambient temperature and dew point temperature.
Relative humidity is calculated from the temperature and dew point measurements by the instrument itself
and included in the data telegram from the sensor.
One minute mean values of humidity from the two polymer sensors together with one minute mean
value for the temperature measurement in the MI-46 screen are stored every ten minutes. Data collection also
includes influence parameters; wind speed and direction (2 m above ground) and global radiation at the test
field.
The influencing parameters together with THYGAN telegram and humidity measurements are
collected by a separate datalogger, while other temperatures from the intercomparison are measured 12 times
a minute by means of an electronic switch and a digital multimeter. Data from the datalogger as well as one
minute averaged temperature values are stored every ten minutes. Both the datalogger and the digital
multimeter are connected to a PC where the data acquisition and storing software runs. The data can be
monitored in real-time on the PC-screen, both as absolute values and as differences.
Presentation of results - humidity intercomparison
The collection of data started in October 2001 and continued until end of May 2002. The results
presented here are based upon data collected until end of March 2002. Datalogger problems resulted in loss
of a significant amount of data during January and beginning of February, resulting also in a fewer accepted
datasets from HMP45 than from MP100. The distribution of accepted datasets for the two humidity sensors
with respect to humidity intervals and temperatures below and above 0 ºC are shown in the diagram below.
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Figure 2: Distribution of data sets.
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It should be noted that most of the measurements are at humidities higher than 60 % RH and in the
temperature interval –10 ºC to +10 ºC.
The results presented in the two diagrams below show the mean difference between THYGAN and
each of the polymer sensors, computed as the sensor value subtracted from the value given by THYGAN.
The mean differences are computed for humidity intervals of 5 % RH and for temperature classes as shown
on the right hand side of the diagram.
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Figure 3: Deviation for HMP45D as function of THYGAN humidity measurements.
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Figure 4: Deviation for MP100 as function of THYGAN humidity measurements.
At temperatures above 0 ºC there is a satisfactory correspondence between measurements obtained
from the polymer sensors and the relative humidity given by the dew point reference sensor. At low
temperatures, however, there is a marked deviation indicating that both polymer sensors give too high
values, though with a fairly constant deviation, at humidities below 70 to 80 % RH. For humidities above
approximately 80 % RH there is a clear tendency that both polymer sensors measures too low humidity, the
magnitude of the deviation increasing rapidly with increasing humidity.
The data series from the relatively short intercomparison period included here are not sufficient to
draw any conclusions regarding service intervals for such sensors used at remote stations.

Presentation of results – temperature intercomparison.
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The results from the intercomparison are summarized in the two diagrams below. The results
presented in the diagrams are the mean temperature difference between the artificial ventilated temperature
measurement from THYGAN and the temperature obtained from Pt-100 measurement in the natural
ventilated MI-46 screen. Positive difference means that the artificial ventilated temperature is higher than the
natural ventilated one. Each graph represents the diurnal variation based on averaging data from one month.
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Figure 5: Monthly mean diurnal deviation
Figure 6: Monthly mean diurnal deviation
(late winter/early spring)
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During the months December and January, and partly also November, we experienced long periods
with cloudy weather and only small diurnal temperature amplitudes. Contrary to this, the late winter/early
spring period had quite frequent sunny days resulting in relatively marked diurnal variation in temperature.
The results indicate that the temperature measured by the artificial ventilated termohygrometer
THYGAN in average through all months is higher than temperature measurements from the large wooden
natural ventilated screen. This could be due to calibration of the temperature sensor used in the THYGAN, a
calibration that was not checked in our own calibration laboratory prior to start of the intercomparison. The
calibration of the temperature sensor mounted in the THYGAN will be checked after the end of the
intercomparison period.
The marked diurnal variation between the two temperature measurements shows that the morning
warming of the wooden screen on sunny days is quite slow compared to the temperature measurements from
THYGAN, giving increasingly higher positive deviation until some time after sunrise. In the afternoon the
wooden screen is overheated compared with the artificial ventilated temperature measurement, loosing its
heat quite slow.
Referring to the long periods with high humidity during this short intercomparison, it is not possible
to see any psychrometric effect on the artificial ventilated temperature measurements in the data sets
collected so far.
The intention is to restart the intercomparison early autumn 2002, with main objective to investigate
behaviour of polymer humidity sensors, including establishing calibration intervals for humidity sensors used
at Norwegian AWS’s.
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Abstract
During winter 2001-2002, different instruments were tested to measure temperature,
humidity, wind speed and -direction and global radiation under severe winter (icing)
conditions at two locations in Central Europe and one in Finnish Lappland. Some of the
modern wind sensors have the possibility to measure air temperature in addition to wind
parameters. The opportunity was given to analyse the accuracy and characteristics of
these alternative measurements in the framework of the EUMETNET SWS II international
project. A comparison was performed between the temperature/dew point reference
sensors used as a standard at the three EUMETNET/SWS sites and the alternative
sensors. The quality of the data and the reaction of the sensors under different weather
situations will be presented.
1 Introduction
The EUMETNET Project ‘Severe Weather Sensors’ SWS II was started to get better
information on measurements of meteorological parameters and icing in arctic and
mountainous regions of Europe. Therefore, a set of wind, temperature, humidity and
radiation sensors was tested during winter 2001/2002. Measurements took place at three
different locations (Mt. Aigoual, Southern France; Luosto Fjell, Arctic Finland and Mount
Säntis, Eastern Swiss Alps) from October 2001 to April 2002.
Some of the tested wind sensors have the possibility to measure air temperature as well.
This paper compares the temperature measurements of the METEK USA-1 (Ultrasonic)
and NOWA (thermocouple) sensors with the temperature/dew point THYGAN sensor
(ventilated temperature/dew point) used as a standard at each site.
2 Methods
The time resolution of the sensor data was 10 minutes at the three SWS II test sites.
METEK and THYGAN sensors and ventilated Rotronic temperature/humidity sensors were
used at each test site, whereas the NOWA sensor was only used at Mount Säntis. At
Mount Säntis, data were also available from a cleaned THYGAN which is used as the
official MeteoSwiss temperature sensor at this site about 200 m to the east of the SWS II
station. At the test site, icing was visually observed on seven occasions per day at the
measuring point and at the case of each instrument. A code was used reaching from 0 (no
ice) to 3 (heavy ice cover) and interpolated to 10-minute values. The amount of ice was
measured with a metal cylinder of the Finnish Meteorological Institute.
At the test sites of Luosto and Mt. Aigoual, several video cameras were installed to get
information on the icing at each sensor. Based on these images it was possible to visually
classify the icing status of each sensor every hour.
As the METEK sensor is not calibrated by the manufacturer, a calibration was made with a
regression function. For the calibration, THYGAN and METEK temperature data were
used where both sensors showed no icing and the air temperature was below +4.5 °C (cf.
3.2)

3

Results

3.1 Time series at Mount Säntis (CH)
Figure 1 shows an example of a time series of the SWS-THYGAN, METEK, Rotronic and
cleaned THYGAN temperatures during a heavy icing event from March 21-29, 2002. The
METEK-temperatures are corrected according to the systematic relation between METEKand SWS-THYGAN temperatures (cf. 3.2).

Säntis 21.3.-29.3.2002

Temperature [°C]

2

3

2

-2
-6

1

-10

Code Icing

SWS-Thygan
Rotronic
Metek
Cleaned Thygan
Icing Thygan
Icing Metek

6

-14

0

-18
0
0
0
0
0
0
0
0
0
00 000 000 000 000 000 000 000 000
0
29
28
27
26
25
24
23
22
21
03 203 203 203 203 203 203 203 203
2
0
0
0
0
0
0
0
0
0
20
20
20
20
20
20
20
20
20

Date

Figure 1: Time series at Mount Säntis showing the temperature evolution of the SWS-THYGAN, Rotronic, METEK and
cleaned THYGAN sensors and the icing code of the SWS-THYGAN and METEK devices from March 21 to 29, 2002.
The Rotronic sensor shows an icing code of 3 during the whole period and is not shown.

Whereas the METEK sensor shows only short periods of ice cover, the SWS-THYGAN is
predominantly and the Rotronic sensor even completely ice-covered during this period.
Until March 22, all the sensors agree well. Thereafter, the SWS-THYGAN drifts away from
the METEK- and cleaned THYGAN sensors. Too high and strangely oscillating
temperatures occur at the SWS-THYGAN which must be due to the complete ice cover
and a corresponding overestimation of the air temperature by instrument heating. The
same is valid for the Rotronic sensor, even tough positive deviations are less pronounced.
Only at noon of March 28, the icing code of the SWS-THYGAN drops from 2 to 1 and the
SWS-THYGAN starts to output reasonable values again. The strange behaviour of the
cleaned THYGAN on March 24 might as well be due to an icing event as the instrument is
not manually cleaned during night time.
3.2 Comparison between METEK and SWS-THYGAN at Mount Säntis (CH)
A comparison between the METEK and the SWS-THYGAN sensors shows a good
correlation for cases under no icing for both instruments (R2=0.97;Figure 2). Only

THYGAN-temperatures were taken where the THYGAN-status number was below 70
which means that the temperature difference between the case and the ambient air
temperature does not exceed 4 °C.
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Figure 2: Scatter plot of METEK- vs. THYGAN-temperatures from November 1, 2001 to April 30, 2002. The relation is
shown for non-icing conditions for both instruments.

An offset between METEK- and THYGAN-temperatures of about 2.5 °C occurs at 0 °C.
Thus, the METEK systematically overestimates the air temperature as compared to the
SWS-THYGAN. This problem is due to the heating of the sensor heads of the ultrasonic
device and a lacking calibration of the METEK under field conditions. A corresponding
calibration can, however, eliminate this shift. In Figure 1 the METEK-temperatures are
corrected using the linear relation between METEK and SWS-THYGAN sensors. The
sparse outliers which can be observed are probably the result of the interpolation
procedure of the icing codes.
Outliers mainly occur during periods of different icing stages between the METEK and
SWS-THYGAN sensors (Figure 3). Most of them are the result of either heavy icing (class
3) of both instruments or of an ice-covered SWS-THYGAN while the METEK sensor was
ice-free.
3.3 Comparison between METEK and THYGAN at Mount Aigoual (F)
The comparison between THYGAN and METEK sensors at Mount Aigoual shows a
satisfying linear relation between the temperatures as well. Due to the instrument heating
a systematic shift occurs. The instrument heating is switched on at air temperatures below
4.5 °C and turned off above 5.5 °C. The correlation between the two sensors is excellent
again (R2=0.94; y=0.833x +1.3944 above 5.5 °C and R2=0.98; y=1.004x -2.398 below
4.5°C).

METEK vs Thygan (ice)
5

Icing: Metek>0; Thygan>0
0

Icing: Metek=0; Thygan>1
Metek [°C]

-5

-10

-15

-20

-25
-25

-20

-15

-10

-5

0

5

Thygan [°C]

Figure 3: Scatter plot of METEK- vs. THYGAN-temperatures from November 1, 2001 to April 30, 2002 for
different stages of icing of the two sensors.

3.4 Comparison between NOWA and SWS-THYGAN at Mount Säntis (CH)
The comparison between the NOWA and METEK sensors from November 1, 2001 to April
30, 2002 at Mount Säntis shows a good linear relation (R2=0.88; y=1.0072⋅x –1.9731).
Only cases are taken where the NOWA is ice-free and where there is no sunshine as the
NOWA temperature sensor is neither ventilated nor radiation-protected in its present state.
However, the NOWA temperature sensor still overestimats the air temperature by up to 5
°C in some cases, probably due to the fact that there is still a radiation effect during
periods of intermitted sunshine.
4 Conclusions
Different adjustments of the tested sensors are necessary until an operational state is
reached. These include an accurate calibration of the METEK and NOWA sensors under
field conditions and a technical revision of the NOWA sensor (ventilation, radiation shield
etc.) as far as this is possible for a wind sensor.
Especially the METEK sensor showed promising results under severe icing conditions as it
was ice-free during 93% of the observation period. Under such conditions, the METEK
gave much better results than the SWS-THYGAN. The SWS-THYGAN could then
overestimate the ‘true’ temperature by up to 10 °C. Thus, care must be taken if an
uncleaned THYGAN is used as a reference instrument.
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The Commission of Instruments and Methods of Observation, CIMO, of the World Meteorological
Organization, WMO aims the global standardisation of meteorological observations and improving
the long-term quality of measurements. With this in view CIMO prepared in collaboration with the
first author a questionnaire on the common (national-standard), manual precipitation gauges in
1987-1988. 136 (out of 160) countries responded. Sevruk and Klemm (1989) published the results.
They showed that there were more than 50 types of manual, national standard precipitation gauges
used at that time all around the world. They differ considerably in design, shape, size and material.
The orifice area varies from 7 to 1000 cm2, most gauges having an area of 100-200 cm2. Materials
used for gauges were primarily galvanised iron sheets and copper but plastic was popular as well.
The installation height varies between countries from 0.2 to 2.0 m. Up to 90 countries use
installation heights of 1 m and less. 2.0 m was used only in the countries of the former Soviet Union
and 0.3 m in the former British Empire. Seven types of gauges are permanently fitted with a
windshield of different design. The most widely used gauges appear to be the German Hellmann
gauge, followed by the Chinese type and the English (Snowdon) Mk2 gauge. These types account
for one-half of all precipitation gauges but they are concentrated in an area of only 31x106 km2. The
replies showed that in 50 countries changes in national standards such as the replacement of the
long-used type, lowering or increasing the installation height took place in the last 50 years. This
can affect the quality of measurements and cause inhomogeneities in the precipitation time series.
The most decisive change was related to the automatisation of meteorological observations and the
replacement of a certain number of manual, standard precipitation gauges with the recording
precipitation gauges, RPG in some developed countries. Yet it is more difficult to measure and
process precipitation intensity in the national networks than daily totals of precipitation. The
demand for such data has resulted in various instrument design and operational data processing and
archiving procedures but not much has been done to analyse long-time series of data and to
investigate the RPG reliability and accuracy of the measurements. To get an insight also into this
matter CIMO prepared in collaboration with the author and experts from the WMO Commissions of
Hydrology and for Agricultural Meteorology, the second CIMO questionnaire, this time on RPG. It
was sent to all Members of the WMO (some 180 countries plus five territories). 118 responses from
109 countries were received. In some countries (Austria, Costa Rica, Italy, Jamaica, Libya,
Seychelles, Turkey and Venezuela) there are separate hydrological, meteorological and military
RPG networks and each of them have send the completed Questionnaire. Consequently, there are
more responses than countries. All in all, there are nine groups of questions including the type of
RPG, manufacturer, measuring system applied, total number of RPG of a given type used in the
country, methods of recording and data transmission, further orifice area size and installation
heights, heating and windshield application etc. One of the crucial questions was if there is need to
organise intercomparisons of RPG measurements. Such an international intercomparison provides
important material on the accuracy, reliability and corrections of the measurements of a given type
of RPG as can be seen from a paper presented in this volume (Chvila et al., 2002). Up to now, the
CIMO/WMO organised two intercomparisons of precipitation measurements and participated in
one (Sevruk and Hamon, 1984; Sevruk, 1993; Goodison et al., 1998).
The interest is quite a strong one in 50 countries which agreed not only to participate but
even to organise such an international intercomparison on RPG measurements. Almost all countries
(105 out of 109) find the intercomparisons useful and only 15 (out of 109) decided not to
participate. The interest from developing countries might reflect both the importance and problems
of precipitation intensity measurements for the agriculture and the forecasts of floods in the arid,
sub-tropic and tropic climate regions. Other questions focused on more technical matters as shown
in Table 1.

Table 1. System of measuring, number of gauges and countries with most recording gauges.
System of measuring
Number
Number of Countries with most recording gauges
of gauges manufacturers
Float system
15.044
20
5000 China, 3050 Mexico, 820 Venezuela, 750
Russian Federation, 660 Colombia, 580 India,
Tipping-bucket system
13.481
38
5000 China, 1316 Japan, 1100 Australia, 1000
France, 960 UK, 460 Rep. Korea, 358 Canada
Weighing system
748
7
172 Canada, 125 Turkey, 122 Brazil, Drop
counter system
176
2
89 Germany, 45 Spain, 26 R. Korea, 15 Turkey
Optical gauges
165
2
104 Sweden and 61 Saudi Arabia
In addition, there is a hybrid gauge of drop counter and tipping bucket as used in Hong Kong in China.

All in all, there are about 30.000 RPG as used in 109 countries. Considering the 70 countries which
did not responded the Questionnaire (e. g. the USA with at least 3500 RPG, s. Sevruk and Klemm,
1989), the global number can amount to more than 40.000. This is roughly one-fifth of all standard
gauges of 200.000 as assessed by Sevruk and Klemm (1989). This number will increase
considerably in the next future. In the above-mentioned numbers the RPGs as used by private and
communal organisations are not included. The total numbers of the float RPG and tipping-bucket
RPG are more or less the same but the number of the modern weighing RPG is very modest, indeed.
Yet in the last two years the number increased to some thousands! Only such gauges are capable to
report five minutes intensities as recommended by the WMO. Most RPGs are to be found in
developing countries as shown in Table 1.
The number of manufacturers (local and international) is unexpectedly high (Table 1). All in
all it amounts to 72 (38 for tipping bucket, 20 for floater, 7 for weights etc.). The forerunners are
German companies (Lambrecht supplied 33 countries; Thiess, 16, Fuess, 11 and Ott, 4 countries),
followed by the Casella (UK), 43 countries, Precis Mechanique (France) 11 and Siap (Italy) 9
countries. In many countries different types of RPG from different manufacturers are used side by
side. Most RPGs originate from the Chinese Companies, the Shanghai Meteorological Instrument
Factory and the Tianjin Meteorological Marine Instrument Factory (5000 gauges each).
The oldest method of precipitation recording, the pen on time chart is still used in most
countries (94), followed by the modern data logging (58) and combined with other methods.
Punched in paper tape is used only in five countries (Armenia, Canada, Indonesia, Mongolia,
Philippines). Still, the most used method of data transmission is the post (77 countries), followed by
telephone (57), radio (35) and satellite (16). But data loggers, telex, e-mail, telegraph, cell phones
and PC networks are also used. Usually different methods are combined in the same country.
Table 2 shows a great variety of installation conditions. Considering installation heights
differences exist not only among the countries but also in the same country. In many cases
installation height, IH, depends on the gauge type used. For instance, in 47 countries different types
of RPG and IH are applied. The IH ranges from 30 to 600 cm. Three different IH are used in
Mexico, (60, 124 and 600 cm), Australia (30, 100 and 300 cm), Germany (100, 150, 200 cm),
Greece (120, 140, 180 cm), Sweden (150, 175, 200), Venezuela (120, 150, 180 cm) etc. In 15
countries, IH of 30 cm and in 19 countries, around 200 cm is in use. Probably, the most frequent IH
is that of 100 cm (26 countries), followed by 200 cm (19 countries) and 150, 180 and 200 cm (44
countries). In 19 countries IH of less than 60 cm is applied.
Table 2. Number of sizes of orifice areas [cm2] and installation heights [m] of precipitation gauges
Orifice area 100 200-250 314-340
400-470
500-550
650-980
1000-2000
Number (171) 26
51
26
20
27
12
9
Installation height
0.3-0.5
0.5-1.0
1.0-1.5
1.5-2.0
2.0-6.0
Number (166)
26
52
58
26
4
Number in brackets refers to the total number of sizes of orifice areas and installation heights, respectively.

There is a tendency to use a bigger size of the gauge orifice area than in the case of standard gauges
(Sevruk and Klemm, 1989). An orifice area of 2000 cm2 is used in 4 countries (Madagascar,
Morocco, Rwanda and Venezuela); 1000 cm2 in 8 countries, 650-750 (11 countries); 500 (27); 400
(14); 320 (23); 200 (37) and around 125 cm2 in 17 countries. In some countries (Cyprus, Czech
Republic, Hong-Kong) RPG with different orifice areas, up to four sizes are used. Almost 101
countries do not use any type of windshield. It is deployed only in Belgium, Canada, Switzerland
and Sweden (modified Nipher type), Denmark, Republic of Korea (Alter type) and in Kazakhstan
and Estonia (Tretyakov type). In Canada and Sweden two types, the Nipher and Alter windshields
are used. All in all, the heating is applied for snow measurement, at least partly, in 29 countries.
The results of the Questionnaire show that there is a large variety of construction parameters
of RPGs including measuring system, orifice area size, installation height etc. as used by national
meteorological services not only world wide but even in the same country. This indicates that there
are good reasons for international RPG intercomparison measurements as shown also by Chvila et
al. (2002) and in the same time it confirms the need for such intercomparisons as has explicitly been
expressed by replies of almost all countries. The reasons are shortly discussed below:
(i) Precipitation measurements using elevated can-type gauges are subject to systematic
errors mostly due to wind field deformation above the precipitation gauge orifice, wetting and
evaporation losses, splash-out and splash-in, blowing snow etc. An elevated precipitation gauge
systematically distorts the wind field and forces the wind speed to increase over the gauge orifice
(blocking effect). Due to this adverse wind action, some of the lighter precipitation particles are
borne away before reaching the gauge and are lost for the measurement. The wind-induced loss
depends on wind speed, the weight of precipitation particles, i. e. the intensity of precipitation and
the gauge construction parameters. An example for RPG is show by Chvila et al. (2002). The use of
windshield and small installation height of the gauge can help to reduce the wind speed in the level
of the gauge orifice. For shielded gauges the wind-induced loss for snow can be reduced to one-half
of its value for unshielded gauges and to 70 % for mixed precipitation (Goodison et al., 1998).
Summing up, the wind-induced error is small for large intensities, small installation heights, gauges
with windshield or as placed at protected gauge sites. In contrast it is large for small intensities,
large installation heights, unshielded gauges and gauges placed at exposed sites. The wind-induced
loss amounts on average to 2 - 10 % of measured values of rain and up to 60 % of snow for
unshielded gauges and wind speeds greater than 4 ms-1 (Goodison et al., 1998). In addition to
weather conditions, the wetting loss depends on age, material of the inner walls and the depth of the
gauge collector relative to its diameter. The shape of the gauge orifice rim can have a certain effect
too. The evaporation loss depends also on the gauge construction parameters as shown by Sevruk
and Klemm (1989).
(ii) Due to the systematic measurement error, precipitation gauges of different construction
parameters including the size of orifice area, the shape of orifice rim, the use of windshield etc.
show different precipitation figures (Sevruk, 1997). This might also be the case even if the gauge is
of the same construction but from different manufacturers or as installed at different height at the
same site near to each other. Because there are different types of RPG as used in the same or
different countries, the global and local precipitation intensity data sets are hardly compatible
(Sevruk, 1994). Precipitation figures and intensities among the countries as well as in the same
country show systematic differences, according to the type of RPG, the installation height used and
the degree of gauge site exposure. To eliminate these spatial inhomogeneities of precipitation time
series, the performance of RPG has to be checked and the precipitation measurements corrected.
Similarly, an exchange of different types of RPG at the same gauge site or moving the gauge to a
new gauge site with different exposure can cause also inhomogeneities. For this reason, the WMO
recommends to carry out intercomparison measurements of a given gauge type with the WMO
reference standard.
(iii) Correction procedures are based on field intercomparison measurements using the
WMO reference standards (Sevruk and Hamon, 1984; Goodison et al., 1998, Chvila et al., 2002).
Recently, the numerical simulation as described by Nespor and Sevruk (1999) is used to derive
correction procedures as well. The results of both methods agree well Sevruk and Nespor (1998).

(iv) No WMO reference standards exists for the RPG.
(v) Because of non-consistent data sets only very few attempts have been made up to now to
compile global or large-scale climatologies of precipitation intensities.
(vi) The national meteorological services of some of developed countries attempt in the next
years to reorganise the precipitation measurement networks, which consist of conventional
(manual) gauges and RPG and to increase the number of RPG. Specific attention should be given to
climatological applications. For this aim they need a new better type of RPG as has been in service
in the last 30 years. Mostly it was the tipping-bucket gauge. This type of gauge has a number of
shortcomings. Usually, the reporting interval exceeds 5 minutes. Moreover the snow measurements
are recorded with delay needed to melt the snow by heating. In addition, the loss due to evaporation
is considerable. It is not calibration-free, has frequent failures and generally shows less precipitation
than the common types of gauges (Sevruk, 1996). The operational costs are high. The results of a
WMO intercomparison of RPG measurements would give a good guidance for the selection of the
most reliable and modern type of RPG to be used in national meteorological networks.
The Questionnaires provides a global overview of very useful metadata, which are otherwise
difficult to become. It shows that there is a great variety in instruments and methods of observations
of precipitation intensity used not only worldwide but also in the same country. This variety
exceeds by far the variety in manual standard precipitation gauges. In addition, the recording
precipitation gauges have generally larger orifice areas and installation heights than the standard
gauges. This indicates that the systematic error of precipitation measurement using recording
precipitation gauges is larger than that of standard gauges. This has serious consequences for the
measurement accuracy and consistency of local and global time series. Quite recently a WMO
Expert Meeting on Precipitation Intensity Measurement and Processing was organised with the aim
to discuss the following subjects (WMO, 2001):
(i) Field intercomparisons of recording precipitation gauge measurements; (ii) The WMO
reference standard of recording precipitation gauges measurements; (iii) Correction procedures of
the systematic error of precipitation measurements; (iv) Procedures for manually extracting digital
data from charts; (v) Quality control of data; (vi) Data representation formats; (vii) New types of
self-calibrating recording precipitation gauges based on electronics balance. The recommendations
will be used to organise WMO Precipitation Intensity Intercomparison Measurements. An example
of such an intercomparison is described in this Volume by Chvila et al. (2002).
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ABSTRACT
Wind, temperature, humidity and solar sensors were tested during the winter 2001/02 under heavy atmospheric
icing conditions at three test sites located in southern France, Switzerland and northern Finland. There are some
significant differences between the sensors in respect to operation during icing periods. Some of the sensors operate
very successfully under harsh conditions, as some can be improved by improved heating or protection against ice
accretion. In this paper the EUMETNET SWS II project is briefly described. Also some examples of analyses of wind
sensor data are shown.

1

BACKGROUND

Ice and rime accretion upon meteorological sensors due to atmospheric icing is a major problem for accuracy of
measurements done in cold climate conditions at high latitudes and high altitudes. Most of present sensors operated e.g.
by the national weather services are not ice free sensors, even if they may have some partial heating. The need for icefree sensors is increasing not only due to meteorological or synoptic purposes, but also due to requirements on accurate
measurements at hostile environments concerning applications linked e.g. to structural design, exploitation of
renewable energy sources, aviation, power lines, skiing centres etc.
Concerning accuracy and reliability of measurements the requirements introduced by the WMO [ 3] are followed
widely. Unfortunately the effect of atmospheric icing is not discussed in this guide. However, traditionally e.g. axial
heating or black painted cups for wind sensors [ 1] and special precipitation gauges have been used at sites located in
cold climate regions.
Finnish Meteorological Institute has studied icing effect and ice-free sensors especially concerning wind measurements
(e.g. [ 1],[ 2], [ 4]). Also other reported experiments/observations on icing effects on sensors are available. The
EUMETNET 1 project "Specification of Severe Weather Sensors 1997-1998" summarised the icing effects on different
types of meteorological sensors [ 5]. Following the first SWS project the SWS II project was started by the
EUMETNET in July 2000 in order to test a number of ice-free sensors, and other measurement arrangements designed
for cold climate conditions, at three different types of sites in Finland, France and Switzerland. The final report of the
project is expected to be ready by the end of the year 2002.
The objective of the project is to systematically test and analyse ice-free instruments (humidity, temperature, wind
speed, wind direction, solar radiation) under harsh icing conditions to produce data for representative scientific studies:
- for intercomparison of ice-free sensors used or preferred by EUMETNET members
- to produce information on errors and the amount of heat needed for sensors to be ice-free
- to start a network providing certification for sensors that are free of icing problems.
This paper describes the SWS II project and some preliminary results concerning wind sensors. Temperature, humidity
and solar radiation measurements at these sites will be discussed in three other papers presented at the TECO -2002
(see: [ 8], [ 9], [ 10]).
2

TEST SITES

The three test are located in different parts of Europe under various types of cold climate and icing conditions. All these
sites are within areas of heavy or strong atmospheric icing (with number of icing days more than 15 d/y [ 6]) and high
wind speeds. However, in the far north the winter days are short with very little solar radiation to melt the ice, while
close to the Mediterranean daily solar energy significantly reduces the amount of ice upon sensors (depending e.g. on
the size, shape and colour of the sensors) but also affects the structure of ice. One reason to have the test sites at such
places is to have enough events with atmospheric icing for representative analyses of icing effects upon sensors and
measurements
The Mont Aigoual station, which is part of the basic network of Météo-France, is located on the top of Mont Aigoual
(altitude 1567 m a.s.l., 44º07´N, 03º35´E). The MeteoSwiss test station at Säntis mountain is close to the MeteoSwiss
1
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weather station LPNN 2220. The test platform is at altitude of 2490 m a.s.l. (47º15´N, 9º20´E). The FMI test station is
located in northern Finland north of the Polar circle on the top of Luosto fell at 515 m a.s.l. (68º08´N, 26º54´E;
LPNN7509/WMO 05841). Luosto is at the northern end of a chain of arctic fells. At each site a platform for sensors
was built (Figure 1). Each test site has an automatic data acquisition system providing with 10 minute averages and 3 s
min an max values and standard deviations. Mont Aigoual and Säntis are manned stations where the observers also
frequently take photos of the status of the sensors. Luosto is a fully automatic station where the status of sensors is
monitored by three properly heated (ice-free) video cameras (for more detailed description of the sites see [ 7]).

Figure 1. Test platforms with different sensors at Mont Aigoual (left) and Säntis (right)

Figure 2. Examples of video monitoring at Luosto: on the left the rotating Cam2 watching wind sensors, and on the
right the fixed Cam1 watching the ice detectors. Wind sensors in the Cam2 image from the left:Thies, Lamrecht, Metek
55W, Vaisala sonic, Rosemount, Vaisala cups and Irdam.
3

SENSORS TESTED

The sensors to be tested during the winter 2001/02 at various sites were chosen according to interest of the
EUMETNET members, and the discussions had at the SWS II workshop held in Paris in June 2001. Thus e.g. some
wind sensors known to be ice free but not able to meet the WMO requirements concerning accuracy of measurements
especially at mountainous sites where e.g. vertical wind component affects strongly the measurements [ 4] were
excluded.
Measurements of icing is not actually included in the SWS II project, but as information of rime/ice accretion is
required for other analyses also some ice-detectors and observation methods were tested.
According to results from the test period 2000/2001 it was decided that ice/rime upon sensors was not to be removed by
observers during the test period. Thus all sensors were performing like at an automatic weather station. The sensors
tested at Luosto (L), Säntis (S) and Mont Aigoual (A) were:

A) wind sensors: R.M. Young Wind Monitor-Model 05103-45 (A), Irdam SA WST 7000HS (A,L), Metek USA-1 55
W (L), METEK USA-1 125 W (A, S), Degreane Deolia 300 (A), Gill Windobserver II (S), Firma Kroneis Zamg
263PRH (A), Theodor Friedrichs Type 4035.0000 and Type 4123.0000 (L), A. Thies Ultrasonic 2D (L), Lambrecht
Static Wind Sensor M16420 (A, L), BF Goodrich Rosemount M1774W (A, L, S), Meteolabor NOWA (S), FT
Technology FT702 (S), Vaisala WAA252 (L, S), Vaisala WAS425 (A, L, S),
B) temperature and humidity: Rotronic ventilated radiation shield (A, L, S), Meteolabor Thygan (A, L, S), Eigenbrodt
ventilated sheild with HMP45 (L), and additionally Irdam WST7000HS (A, L), Metek USA-1(A, L, S), GILL
Windobserver (S), NOWA (S),
C) solar radiation: Kipp&Zonen CM21 with MeteoSwiss ventilation, cleaned and uncleaned (S), CM11 with FMI
ventilation system (S, L), Hänni solarimeters (S),
D) icing: Labko LID-3503 (L, S), BF Goodrich Rosemount ice detector (A, L, S), Vaisala FD12P (L).
The reference sensors at all three sites were chosen to be Rosemount Model 1774W for wind speed and wind direction,
and THYGAN for temperature and humidity measurements, as these were seen to operate most correctly at all three
sites also during heavy icing. All other sensors were verified to these sensors also using data from non-icing periods.
4

PRELIMINARY RESULTS - WIND MEASUREMENTS

Number of icing days, intensity of ice accretion and type of icing varies between the three sites. In South solar radiation
helps to remove the ice, but also turns rime to clear ice due to melting and icing, while in North solar radiation has no
effect in November-February.

Figure 3. An example of definition of
icing classes for some wind sensors
(WAS425 above and Young below). Class
1 on the left where there is some ice upon
the body and sensor, but the sensor head
is free of ice, Class 2 in the middle where
ice is detected also upon the sensor head,
and on the right Class 3 where the
sensor is totally blocked. For WAS425
one of the sensor heads at each picture is
shown by a circle.

According to the amount of ice upon sensors (body, shaft, cups etc.) the severity of icing upon each sensor is divided
into four classes: 0 = totally clear, 3 = totally blocked. At Luosto these analyses were based on continuous video
monitoring. At Säntis the classification was done by the observer, and at Mont Aigoual based on photos taken by the
observer
To verify icing effect on wind sensors only open (no obstacles or shade of neighbour instrument) wind sectors were
used. To study duration of different ice amounts on sensors all data was used.
In general availability of representative data measured with the "3rd generation 2 " heated ice-free sensors is much higher
than with ordinary shaft heated sensors. Thus heated wind sensors available offer improved opportunities for proper
wind measurements even at harsh climates. However, there are significant differences between the wind sensors in
respect to icing effects on measurements. According to the results from Luosto in Figure 5 Thies, Lambrecht, Irdam and
Rosemount are practically ice free all the time, while WAA252 and Metek 55 W require some additional heating. For
Thies and Rosemount class 1 (ice upon the body) does not really affect the wind measurements. On the other hand,
Irdam and Lambrecht sensors seem to be very sensitive to water droplets carried by hard wind into the sensor, which
causes strong overestimation of wind speed. WAA252 is partially affected by strong vertical wind component, which is
typical for these sites, and which leads to overestimation of wind speed (see Figure 4 on the right).

2

1st generation: external heating elements in early 1980s, 2nd generation: heavy internal heating since middle of 1980s,
3 generation: direct low power heating of sensing parts of the sensor since middle of 1990s.
rd
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Figure 4. An example of verification of wind sensors (Friedrichs on the left, WAA252 on the right) to the Rosemount at
Luosto in February 2002. The regression line describes the relation between the sensors during non icing period. On
the left all icing classes were detected, on the right only the class 1 is observed. Each dot represents 10 minutes average
wind speed.
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Figure 5. Duration (% of time) of
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the right) upon different wind
sensors at Luosto in JanuaryFebruary 2002. Sensors from
left:
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1. INTRODUCTION
At the end of the 90’s, the Royal Netherlands Meteorological Institute (KNMI) had to replace its network
of automated weather stations and the meteorological systems that were used at the Dutch civil airports. In
designing a new network, the following issues were considered most important:
•
•
•
•

It had to be possible to perform monitoring and remote maintenance of all acquisition systems and
sensors from any site, using network architecture.
Standard proven but modern technology had to be used to ensure the expected life cycle of
approximately 10 years.
Meteorological users at airports or in the central site in De Bilt had to be able to access systems at
any other airport in the Netherlands, and be able to make meteorological aviation reports for any
other airport.
The network had to support facilities for completely unmanned stations. Only airports will still have
observers in the (near) future.

In 2000 KNMI and Almos Systems started the project to implement the new meteorological network. In
total there are 23 fully automated observation stations, 5 civil airports and 2 navy airports, and a central site,
De Bilt, where all data is collected, processed and stored. All meteorological reports are generated at De Bilt,
except for the aviation reports that are generated locally at the airports, and they are disseminated via the
message switch (MSS).
2. ARCHITECTURE OF THE NEW NETWORK
In Figure 1 a graph is shown with the architecture of the new Netherlands meteorological network as it is
currently being implemented. The various components will be discussed below.
2.1

Automated stations
The automated stations contain several components. All components except the sensors and SIAMs
are new.
SIAM The SIAM (Sensor Intelligent Adaptation Module) is an interface between the sensors and the
data acquisition systems that was designed by KNMI itself. For each type of sensor there is a unique SIAM.
It performs measurements once every 12 seconds, it computes several averages, and it also validates the
incoming data. All SIAMs have an identically structured output message, so that the data acquisition systems
only need to be able to handle one type of input. The SIAMs are not part of the upgrade, but they will be
replaced with new modern version within the next few years.
MUF The MUF (MUltiplexing Facility) is a device that is able to take in strings from up to from 5 SIAMs
and put them after each other on its output. Each MUF input channel can also be used as input for another
MUF to enable the use of virtually an unlimited number of sensors.
MIOU A MIOU (Meetnet Inwin en Opslag Unit=Measurement Data AcquIsition and StOrage Unit) is the
central unit of the remote stations. It is basically an industrial PC running Windows NT Embedded, it has a
266 MHz processor, 256 Mb SDRAM, a 140 Mb Disk on chip, a watchdog, a UPS, 4 serial ports, and both an
ISDN modem and an Ethernet interface. It has been designed (like the MUF) for conditions between −20 to
+55 °C.
The MIOU has one (RS422) input to interface the MUFs. The MUFs regularly forward the data received
from the SIAMs to the MIOU. The MIOU timestamps and stores incoming MUF data. Once every 10 minutes
this data is being collected by the central acquisition system in De Bilt (CIBIL, see below), either by dialling in
(ISDN) or via an Ethernet link. In both cases TCP/IP is used. If communication is disrupted the MIOU has
sufficient solid-state disk capacity to store data for at least 7 days, for later retrieval.
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Figure 1. The architecture of the new Netherlands meteorological observation network.

A MUF display is optionally available to present the data locally. It simply reads the RS422 string from
the last MUF and the data is shown on a user defined presentation screen.
2.2

Airports
The systems at all airports and the central site in De Bilt can communicate to each other by WAN
connections. The new components at the airports are:
ADCM The ADCM (Aviation Data-acquisition and Communication Module) is a server that acquires and
stores the data from all sensors of an airport (approximately 60 at Schiphol). This server also computes all
derived quantities that are required for meteorological reports, e.g. RVR and cross and tail winds. It makes
the reports automatically at the times they are due, and sends them to the message switch in De Bilt. Each
ADCM has a hot-standby backup that takes over as soon as the primary server fails. The multiplexed MUF
strings are split at the airports and fed into each of the servers.
GDIS The GDIS (Graphic DISplay) is a graphical display system that is connected as a client to an
ADCM. This can be the ADCM that is located at the airport itself, or any of the ADCMs of the other airports.
Multiple sessions to different servers can be launched on a GDIS. The GDIS has 14 different screens to
display meteorological information from the airport to observers and forecasters. There are overview graphs,
maps of the airport with the RVR, wind, etc. Also the screens for observers to prepare the METAR and
SPECI reports are found here, although the reports themselves are made on the ADCM. In addition, screens
are available to check the sensor/SIAM status and the connections to other systems. Clicking buttons or
hitting function keys can be used to navigate to other screens. The GDIS thus is a multi-functional graphic
display system and all of its screens are configurable. A user has to login to a GDIS and gets the appropriate
permissions for an observer, forecaster, technician or administrator. An example of the Schiphol overview
map is given in Kuik and Haig (2002).

MIS The MIS (Meteorological Information Server) is a server (again with a hot-standby) with only one
task: to enable local users at an airport to get meteorological information that is to be supplied by KNMI.
KNMI copies all sensor data and meteorological reports to the MIS. All users of the data get access to the
MIS via a username and password, and via a protocol they can retrieve the data they need. The MIS works
with subscriptions, i.e. once a client subscribes to a set of data, it will be sent to the client as soon as it
becomes available on the MIS. Again TCP/IP is used for all data communication.
SODAR A SODAR (SOund Detection And Ranging) is located at Schiphol airport and the ADCMs
acquire the data. Vertical profiles of wind speed and direction are displayed on the Schiphol GDIS and at
other airports.
RIS The RIS (Runway Information System) is available at Schiphol only. This system of the civil aviation
authority gives the runways in use, which is processed by the ADCM. The meteorological information for the
operational runways is automatically selected and presented on various screens as well as used in
meteorological reports.
2.3

Central site De Bilt
The De Bilt central site is the ‘heart’ of the synoptic meteorology in The Netherlands. The data from all
stations (automatic weather stations and airports) is collected here, data is processed, and several reports
are generated and disseminated via the message switch (MSS) in De Bilt. The new components are:
CIBIL The CIBIL (Centrale Inwincomputer de BILt=Central Data AcquIsition System De BILt) is the new
central system for the KNMI observations network that again has a hot standby. It
•
•
•
•
•
•
•
•
•
•
•

collects observations from all automated stations and airports (every 10 minutes via ISDN, LAN or
WAN),
collects data from the RMI network, which is a non-KNMI network with 66 meteorological and
hydrological sensors in the Dutch coastal region and the north Sea,
collects data from the KNMI lightning detection system (SAFIR) and calculates the number of
discharges at or near stations,
collects METCLOCK (METEOSAT CLoud Characterisation KNMI) data and derives cloud amount
and cover of stations,
collects data from the KNMI precipitation RADAR (Gematronic) and computes precipitation amounts
near all stations,
performs other calculations like cloud amount and height from ceilometer data and the SYNOP
weather code using about 10 different parameters including precipitation type and lightning
discharges,
tries to recover missing data (if applicable),
generates fully automatically SYNOPs and other reports at the time they are due,
sends all reports and bulletins to the MSS (Message Switching System),
performs quality checks of all data coming in and for the derived quantities,
is used as a powerful maintenance tool to monitor the status of all components in the KNMI
observations network (from individual sensors to all servers present at the various airports, etc).

CIBIL (and all other servers) is based on Windows 2000 Server and the MetConsole software from
Almos Systems. The hardware consists of standard commercially available servers. A GPS is connected to
CIBIL, which synchronizes all servers, all MIOUs and GDIS’ locally in De Bilt, and also those connected to
CIBIL via the WAN. With the introduction of the new KNMI observations network, KNMI will only still have
human observers at the airports. All other stations will be unmanned from the end of 2002. All SYNOPs will
be generated fully automatically. Some 10 main stations throughout The Netherlands have been equipped
with ceilometers and present weather sensors. At these sites the so-called visual parameters reporting
visibility, cloud and recent and past weather will be added using sensor data and algorithms to generate
nearly the full set of relevant codes (cf. Wauben, 2002a and 2002b for details). Currently research is
performed to find out if the same procedure can be used to generate fully automated METARs as well.
KMDS The KMDS (KNMI Meteorological Data distribution System) is a kind of mirror machine of the
CIBIL. The whole database with all observations, derived quantities and reports, is copied from CIBIL to the
KMDS (and its hot-standby). All clients who want data from the KNMI observations network can connect to
the KMDS and retrieve data from it in two different manners. The first is by using the GUI, a built in facility in
the KMDS software. The second option is to use SQL, in the usual way by composing queries. Because a
separate server handles the data requests, the requests cannot interfere with the data acquisition and report
generation of CIBIL.

Figure 2. The CIBIL home screen.

ADS The ADS (Aerodrome Database System) is a database server that stores all observational data
and reports from all airports in The Netherlands for a period of 100 days (based on an ICAO requirement). It
is a simple server with a disk capacity of 218 Gb. All data is supplied to the ADS directly by the ADCMs via
the WAN. In case of network failures, the ADS has an automatic recovery mechanism built in.
The GDIS systems in De Bilt are identical to the ones at the airports. They can be used to log on to any
of the servers, i.e. to CIBIL or any of the ADCMs at the airports. A user is able to access any of the servers
via the LAN or WAN from any site using any of the GDIS’ and is able to view the sensor data, make reports,
check the status, change the configuration or perform upgrades remotely. Overview screens on CIBIL (cf.
Fig. 2) easily allow monitoring of the overall status of the system and connections; check the progress of
data acquisition, and the report generation and dissimation to the MSS. For maintenance purposes and
trouble shooting it is possible by clicking on the stations (and also on the buttons or network icons) to
descend down to sensor level to look at the performances of all systems in the chain.
3. CONCLUDING REMARKS
The architecture of the new meteorological observations network for The Netherlands has been
discussed and some examples have been shown. The basic idea behind the architecture was that KNMI
needed a TCP/IP network from sensor to MSS, network monitoring and maintenance had to be done from a
central site as much as possible, and it had to be possible to perform task for certain sites from other remote
locations. The automation of visual observations had to be possible for the SYNOP, and the system has to
be ready for the next generation of fully automated aviation meteorological reports.
The implementation activities have started in September 2001 and will end at the end of 2002, when all
7 airports, 23 automated stations and De Bilt have been installed. In the future the 7 air force airbases in
The Netherlands may also be installed with the airport systems described here.
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The importance of gathering high-quality meteorological data at sea is increasing year upon year.
Although satellites can be used to collect basic data, shipboard and buoy observations are still
needed. The world’s land masses are increasingly being covered with automatic weather station
networks which are collecting better data for weather forecasting purposes. More coverage is
needed over the oceans: marine meteorological data is still mainly gathered with analog
instruments and the data is entered into files manually. When the data is collected afterwards from
the log files it is useful only for climate models, not for forecasting. With manual observation
systems, data quality is dependent on the observer: measurement accuracy can vary and the
observation is based on only one reading. In comparison, automatic weather stations measure
continuously 24 hours a day, and their measurement accuracy is consistent. Automatic weather
stations can also use direct satellite communication links to send the meteorological data sets in
coded form to the global network in real-time.
Vaisala has been engaged in automated shipboard weather observation from the early 1980s and
has gained a large body of experience from many installations. The total installed base is nearing
100, and ranges from basic true wind systems to fully automatic synoptic weather stations with
optical sensors and several wind sensors. Vaisala weather stations are in operation aboard cruise
ships, research vessels, ice-breakers and naval vessels. Most of the installations have been
tailored to meet the customer’s specific needs. When our knowledge of all the installations is
pooled, it can be said that Vaisala has a profound understanding of the practical aspects of
weather observation in the marine environment.
Vaisala’s new-generation shipboard automatic weather station is designed specifically for VOS and
VOSClim applications to cover the most demanding marine weather observation requirements.
The station is a development of the field-proven Vaisala MILOS 520 automatic weather station.
The MILOS 520 frame has been installed in a water-tight, non-corrosive plastic enclosure along
with the mains power supply, back-up battery enclosure and other key components. High-quality
connectors have been used to connect the sensor cables, mains power and communication lines.
This makes installation very easy and fast. The cabling is pre-tested at the factory so the station
can be put online immediately after installation.
In its basic form, the Vaisala shipboard automatic weather station’s sensors are installed in a
tiltable mast 6 meters in height. The high-quality Vaisala HMP45D sensor measures air
temperature and humidity. It is installed in the radiation shield at a height of 2 meters. The
HMP45D’s sensor head is easy to remove for calibration purposes. The Vaisala WAA151
anemometer measures wind speed and direction, and the Vaisala WAV151 wind vane is installed
atop the mast. The Vaisala DPA501 pressure sensor, installed in the MILOS 520 frame, measures
air pressure with a static pressure head at the bottom of the enclosure.
A water temperature sensor is available as an option: its cable connector and measurement
software is provided with the basic station. The water temperature sensor can be any four-wire
PT100 temperature sensor or the Vaisala DTS12W water temperature sensor. Water temperature
is a very important measurement parameter. Vaisala provides it as an option due to the difficulty of
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sensor installation below the water line. Cooperation is necessary with the shipyard and/or ship
owner.
For true wind calculation, a GPS receiver can be used or an Inmarsat-C radio if one is available. In
any case, GPS data alone is insufficient for calculating true wind data accurately in every
circumstance. It gives speed only and the direction of speed. With this information, true wind can
be calculated correctly only when the ship moves in a truly straight line. If the ship moves in
reverse, which is typical for ice-breakers for example, the true wind calculation will be totally
incorrect.
For accurate true wind calculation, heading information is needed. The best source of the heading
information is the ship’s gyro compass, which normally makes heading information available in
NMEA183 format. The Vaisala shipboard automatic weather station has a compatible input for this
format. Cheaper electric compasses can also provide heading information, but in order to calibrate
them the ship must be turned around 360 degrees. Electric compasses are also available that do
not have to be calibrated in this fashion, but they are very expensive.
Installing the system is easy. Three bolts are needed for the mast, mains power comes from the
ship’s power system, a little space is needed for the data entry PC on the bridge and NMEA183
data output is needed from the gyro compass.
For manual data entry, Vaisala’s Yourlink PC program allows ship personnel to type in the manual
observations and view the sensor data in real-time. The shipboard PC does not have to be the
latest model: the Yourlink program operates with the 486 processor.
The Vaisala AWS software supports the FM-12 ship code and IMMT-2 code. Messages are
generated every 1 to 3 hours: the interval can be selected by the user. The exact times of message
generation editing can also be selected by the user. If the message is not manually edited, the
AWS generates the complete messages automatically: they are then stored on the PC’ hard disk
and, if satellite communication is used, they are sent automatically by satellite.
The Vaisala shipboard AWS can be provided with an optional memory unit for data storage. Built-in
algorithms test each measurement to ensure data quality. For each parameter, tests are carried
out on the minimum, maximum and step limits as well as cross-checking between the different
parameters. For manual data entry, quality checks ensure that the operator does not enter
incorrect data values. A built-in testing system also runs continuously to check the hardware,
reporting immediately if a fault occurs.
The basic Vaisala shipboard AWS supports Inmarsat-C communication but the Inmarsat-C radio
itself is provided as an option. The Vaisala AWS software supports optional sensors and output
messages for the YourVIEW real-time display and the Vaisala DD50, WD30 and WD50 digital
displays. The Vaisala AWS software can also provide surface weather data for ASAP installations.
To enable the optional output messages, another serial interface is needed along with extra cable
connectors and cabling to the AWS enclosure. The optional sensors require connectors, cable sets
and installation mechanics.

Water temperature sensors are another option, as well as sensors for rain duration, sunshine
duration, global radiation or albedometer, long-wave radiation or precipitation amount, and optical
sensors for cloud base and visibility/present weather. The data provided by optional sensors is
automatically included in the report templates if the sensors have been added and activated in the
software.
For wind speed and direction measurement, the zero-maintenance WAS425S ultrasonic
anemometer can be chosen instead of the WAA151 and WAV151 sensors, which must be
maintained periodically.

If the Vaisala AWS mast cannot be installed in an ideal location for the wind sensors, the wind
sensors can be installed elsewhere. Their data can be fed into the system via cable or radio link.
The available communication options are Meteosat GOES and GTS satellite, but other
communication options such as Argos are possible as well.
The Vaisala shipboard AWS does not require periodical maintenance. Operational and visual
checks once a year are sufficient. The sensors do require some periodical maintenance: the
temperature and humidity sensor should be calibrated once a year; the pressure sensor should be
checked once a year; the bearings of cup anemometer wind sensors need to be changed only
once a year as well.
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Abstract
By using a cheap and reliable present weather sensor in its road weather information system,
several road authorities have been able to improve monitoring, and effectively control the winter
road maintenance. The Optic Eye™ is designed for automatic weather stations and its design
provides for long time intervals between maintenance. The Optic Eye™ uses horizontal infrared
light beams to detect precipitation and the processor algorithm can distinguish between snow, rain
and sleet. The sensor reports type of precipitation and intensity as well as sensor status and need of
maintenance. No calibration procedures are needed and the maintenance procedure is very limited.
To eliminate that lenses are contaminated with condensed humidity the lenses and their holders are
heated. The Optic Eye™ is used on almost all of the 700 road weather stations in Sweden. The
Optic Eye™ is also used in several countries outside of Sweden.

Figure 1. Optic Eye™ mounted at the top of a mast

Background
A reliable and cheap sensor for detection of precipitation and for analyze of type of precipitation
was the demands set up by the Swedish National Road Administration when the Swedish Road
weather information system was undergoing improved functionality during the late 1980´s. The
previously used sensors were of the conductivity type and they are only able to deliver yes or no
data on precipitation. These sensors also didn’t function well for snow precipitation as the sensors
heating effect and winds made that snow did not stay on the sensor surface to melt.
AerotechTelub AB has been involved in design of the Swedish RWIS and started to design a new
optical present weather sensor in 1990. The idea was to analyze every precipitation particle as it
passes through a light beam. The first tests with a number of prototypes of the sensor showed that
there was fairly good conformity between the different prototypes and with a reference gauge
(tipping bucket). With this background the prototype sensor was further developed and put into
production.
A test batch was delivered for tests in the Swedish RWIS during one winter. Tests were also
performed by an independent consultant to find out the accuracy of the intensity measurement for
different types of precipitation, i.e. rain, snow and sleet. The tests showed that, with used
measurement technique, it is munch more difficult to have good accuracy for the snow intensity
than for rain intensity. For sleet (mixed rain and snow) it is impossible to have reliable intensity
data. Anyhow, the algorithms have been improved and adapted to these new test results from the
last decade so that the present version of sensor is able to perform good classification of detected
precipitation and to calculate the intensities for rain and snow. To perform the classification the
sensor needs information about air temperature and relative humidity as well as current wind
speed. This means that the sensor, to be able to classify precipitation, must be installed at a
weather station that measures these parameters.
Error! Not a valid link.

Figure 2. Optic Eye™ installed in a road weather monitoring and traffic control system

The intensity for snow is based on the geometrical build up of snow, not on the equivalent amount
of water from melted snow. In Sweden there are regulations on how much snow there could be on
the road before an entrepreneur must do snow removal. By acquiring and spreading information
about local precipitation amounts, from the present weather sensors to the entrepreneurs, they are
able to make decisions on when to do their job with removing snow. The RWIS in Sweden is in
this way used for automatic registration of need for snow removal and for paying the
entrepreneurs. The experience from the Swedish road administration is that the sensor rapidly
reports when precipitation starts and stops, and that the amount of rain detected is very accurate.

The sensing technique
The Optic Eye™ uses beams of infrared light, arranged as an horizontal cross, i.e. the sensor is
designed with two detector channels that can detect the passing precipitation particles. The beam
transmitters and receivers are light emitting diodes and photo diodes respectively. These optical
components are encapsulated in special plastic housings. The housings have two functions, both as
protective cover and for heating of the optical components. The later to avoid contamination of the
lenses with moist and snow. Heating effect is automatically controlled, by the heating resistors of
PTC type, to optimize function and to reduce power consumption. By using pipes of rather small
diameter to form holders for the transmitters and the receivers there is very little influence on the

airflow through the sensor crown and thus on the function during windy situations. This design
makes it possible to detect precipitation coming from any direction, e.g. drifting snow.
The transmitters are fed with pulses of current so that the infrared light is not transmitted
constantly. Detection of precipitation is done by analyzing the intensity of received light. With a
micro controller circuit and an advanced algorithm the sensor system can deliver information
about precipitation type and current intensity. The algorithm also includes functions that will
discriminate between precipitation and other particles passing the light beams. To have the sensors
behavior during rapid changes in weather situation user defined the algorithm includes pre-settable
integration time. With a short integration time the sensor gives rapid response to changed intensity
and type of precipitation, and vice versa.

Automatic Gain Control
With time and traffic passing the installation site the lenses will be contaminated with dust and
dirt. This will reduce the received signal level. The sensor includes amplification circuits that
automatically will compensate for this reduction, i.e. Automatic Gain Control. When too much dirt
is hindering the light beams and the received signal level is too low, the sensor output is
automatically deactivated. This alert is also transmitted to the control room for system
maintenance. As an option it is also possible to have circuits installed for warning on low signal
level. Warning will be sent before the sensor is deactivated. By using this option the planning of
maintenance of the present weather sensors will be easy – no sensors deactivated before cleaning.

Installations
The Optic Eye™ precipitation sensor has been installed in the Swedish RWIS at almost every
monitoring station (more than 650 sensors are delivered). Both Estonia and Lithuania have
installed Optic Eye™ at a number of stations. All of these installations have monitoring stations
delivered from AerotechTelub, and here the algorithm for classification of precipitation is included
in the GMS (General Monitoring Station).
There also is a stand alone version of the Optic Eye™ that has been delivered to customers who
have adapted their own monitoring system and stations to communicate with the stand alone
version of the sensor.
Demo software on diskette for test of the Optic Eye™ with a Windows presentation is available for
new customers.

Figure 3. Screen from demo software for presentation of data from Optic Eye™
These present weather sensors are delivered to Norway, Italy, Germany, Estonia, Lithuania and to
USA as well as to Korea. In Norway the stand alone version of Optic Eye™ is installed in the
RWIS at a large number of sites. The stand alone version of Optic Eye™ communicates with a
host system via RS232. This means that sensor must be located within a few meters from the
monitoring station, if not short range modems are used.

Calibration and Maintenance
The sensor design and function is such that it needs no calibration, and the maintenance is limited
to cleaning of the optics lenses. The electronics are enclosed in an air tight box that holds a
desiccant cartridge which absorbs moisture. If there should bee build up of ice and snow in the
light beams the sensor alert will close down the sensor until snow and ice is removed or melted.
The power of the heating elements is enough to melt ice and snow on the detectors at temperatures
as low as –25°C if there is no wind. Consequently the precipitation sensor might be closed down
temporarily during severe weather conditions but it will start functioning again a couple of hours
after the wind has stopped.
Due to the principle function of the sensor the detectors do not need any calibration to classify and
measure intensity correct. To be able to verify that sensors and acquisition system are performing
correctly there is an optical precipitation simulator available. This equipment is based on the latest
technology in Ferro Liquid Crystal screens (FLC). These FLC screens are arranged perpendicular
to the light beams and they are electrically controlled to function as a rapid shutter. By using this
simulator, which can be preset for type of precipitation and a number of intensity levels, the
system can easily be verified.
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1. Introduction
Muir Matheson and the Met Office have investigated the feasibility of using video image analysis to
determine cloud amount, cloud type and horizontal visibility. The project has also been partially funded by
National Air Traffic Services Ltd.
The underlying goal has been the full automation of meteorological observations, with the aviation
requirements forming the main focus. The initial phase worked with visible images and concentrated on the
identification of cumulus clouds. Following successful results the use of infra-red images to identify
towering cumulus and cumulonimbus cloud was investigated. Additionally some preliminary work was also
carried out on the assessment of horizontal visibility using the visible images. This paper outlines the method
and results obtained from this work.
The Met Office have provided access to a manned observing site, professional synoptic observations,
technical support for a video system with both visible and infrared thermal imaging cameras, and also
professional expertise in the assessment of the results. Muir Matheson have provided project management,
technical support relating to the camera installation for image collection, and with the assistance of specialist
sub-contractors, have developed the software models to analyse the images.

2. Cameras and Test Site
The Met Office Observatory at Eskdalemuir in southern Scotland is being used as the site for the collection
of images as it provides manned 24 hour synoptic observations for reference data. It is a site where
prototypes and test instruments can be installed, and it experiences a wide range of weather conditions.
Initially a PC based system was developed and built by Muir Matheson and the Met Office to control the pan
and tilt of a video camera with a nominal horizontal field of view of 40 degrees. A panorama from a set of
overlapping colour images was collected every hour to coincide with the synoptic observation, so that the
subsequent analysis of images could be verified. This was sufficient to create a complete hemispherical view
of the ground and sky dome.
Following this an infrared thermal imaging camera was added to the system, enabling images to be collected
during the hours of darkness. The infrared camera was mounted on the same pan and tilt unit as the visible
camera so that they always moved together, see figure 1.
Images from the cameras were made available for display (Keogh et al, 2001) on a Met Office internal web
page in compressed format. Uncompressed images were collected on compact disk every hour to form the
project primary test data set.

Figure 1 Dual camera system (visible and infra-red) on pan and tilt head

3. Identification of cumulus cloud features from Visible Images
The software developed to identify cumulus cloud used colour images converted to the grey scale and two
types of neural networks, unsupervised self organising (Kohonen) and feed forward Multi Layer Perceptron
(MLP), were explored. The most successful results were obtained from the MLP method which requires a
good set of training data. The MLP networks used training data obtained by manually marking on each
image whether or not cumulus features were present in a number of 16 x 16 pixel boxes selected across the
image. The features used to distinguish cumulus clouds were primarily the lumpiness and cauliflower shapes
at edges, whilst plain areas were identified as being 'not cumulus' features. The MLP networks demonstrated
that cumulus features could be detected, however they did not detect whole clouds. These models were not
designed to distinguish more uniform grey cloud associated with the main mass of the cumulus cloud so an
additional program was then developed to fill in the whole cloud.
The resulting program can be setup by the user with different processing options to analyse the images. The
program then identifies and displays areas of cumulus cloud which can be displayed as an overlay of dots on
the image as shown in figure 2. The program can analyse single images or the whole sequence of images
obtained from a single scan of the cameras.

Figure 2 Example of cumulus cloud identification
The results showed good performance in conditions when cumulus was well defined, however some
weaknesses have also been identified. For example the model does not always correctly fill in cumulus
clouds and in some lighting conditions it will identify gaps as clouds and clouds as clear sky. A need for pre-

processing was identified whereby clear sky areas would first be determined. It was also recognised that the
sun would cause flaring on the image and so it was necessary to remove this section from the processed data.

4. Horizontal Visibility Estimation
Forward scatter visiometers are now an accepted component in automatic weather stations. However they
only measure the visibility at a single point and are not capable of recording the minimum visibility in any
direction, nor of detecting local variations such as low lying fog banks and showers not at the observing
location.
Various techniques for measuring visibility from visible camera images have been tested. Initially a simple
method of looking at variance of greyscale in a part of an image was tried, and although there was an overall
trend that higher variance correlated with longer visibility distance, a reliable model or look up table could
not be established.
The use of neural networks to provide a better model of distance calibration was explored and work was
carried out to determine which additional variables would be useful as inputs. It was found that the
brightness and saturation of the greyscale image also provided valuable information. Statistical techniques
were then used to generate clusters, or groups of related items, from a collection of data points in an image
derived from a single image view at Eskdalemuir. This view was chosen as it has a good range of visibility
distances, see figure 3.

Figure 3 Example of clustered area of similar visibility within the box (hill at around 8000m)
The results on both training and unseen querying data have suggested that the neural network algorithms
using the statistical techniques have a correlation with the visibility, but more work is necessary to see if this
method is viable for visibility estimations around a 360° field of view and in a variety of lighting conditions.

5. Analysis of infrared images to detect large cumulus and cumulonimbus.
The information available in infrared images has a different appearance when viewed as a grey scale level,
from that in a visible image. Before processing by neural networks could be considered, it was agreed that
the project would study some infrared images and try to identify what features of the temperature fields were
indicative of the presence of clouds. As a result it was shown that the vertical cloud temperature gradient
observed when the sides of convective clouds were visible could be a key to identifying the presence of deep
convection. A program was produced to identify vertical cloud temperature gradients within the infrared
images. This has enabled testing to establish whether these gradients could be related to cumulus clouds over

a large range of conditions. Results have clearly indicated that this technique could distinguish large cumulus
clouds from layered clouds and the background sky when a clear side view is visible.
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Figure 4
Visible image of Cumulonimbus (Cb)

Enhanced IR image showing
Detection of Cb (vertical lines)

6. Summary
a. The results obtained so far indicate that the neural network processing techniques used have considerable
potential. A final system is likely to employ several different techniques to give improved confidence in
the results. The models used will require a large amount of training data covering a wide range of
meteorological conditions.
b. A final system will also need to be able to accept data from other inputs and sensors in order to give
acceptable performance in all conditions. These will be existing meteorological sensors such as cloud
base recorders and forward scatter visibility point measurements, as well as lightning and cloud charge
measurements if the presence of cumulonimbus is to be confidently reported.
c. Indications are that a system will need to measure as near continuously as the processing allows so that a
historical record is maintained as a reference to enable cloud and present weather developments to be
monitored. This is especially important with developing large convective clouds where good views of
the cloud structure may often be very intermittent.
d. It is expected that infrared will be the primary detector as it offers 24 hour operation, however during
precipitation it is unlikely to be able to identify the clouds reliably. Visible images are always likely to
be used to provide additional information during daylight hours.
e. Consideration needs to be given to cameras, lenses and pan and tilt units to optimise the number of
images in a set, assess acceptable lens distortion, and provide sufficient resolution for analysis.
f.

The techniques investigated show the potential for fully automatic observations to provide a viable
alternative to current manual reporting of cloud and visibility. A real-time system is now entering service
at Eskdalemuir and this will allow for further assessment of performance by the observers and provide
the opportunity to test enhanced software models.

For more information and to see a demonstration of the models developed please visit Muir Matheson, Stand
E5 at Meteorex-2002.
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Ultrasonic Wind Sensor – A new approach from Gill Instruments
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WindSonic
Gill Instruments Ltd have been at the forefront of the design and manufacture of Ultrasonic anemometers,
for the last fifteen years. Our existing product portfolio ranges from 3-axis research grade units for flux
measurement experiments, to intrinsically safe wind sensors for the oil and gas industry.
Users are today dictating the move away from old moving part technology, to reliable “no moving part”
ultrasonic technology. Our most recent challenge was to employ our expertise to design a robust, small,
lightweight, ultrasonic wind speed and direction sensor (in a single unit). This was to compete in a market
segment currently monopolized by three cup & vane or propeller wind instruments. Many of these old
mechanical style units have been in the marketplace in excess of twenty years, without any significant
change to their basic design.
Gill’s ultrasonic technology is based on the time-of-flight operating principle, which provides measurement
of wind speed and direction by the use of two pairs of transducers. The transducers of each pair act
alternately as a transmitter and receiver, sending pulses of high frequency ultrasound between themselves.
The time of flight in each direction, say t1 and t2, are measured. If c is the speed of sound, L the distance
between the transducers and there is an airflow, v, along the line of the transducers, the following
relationship is derived: v = 0.5L(1/t1-1/t2)
For most applications the result is independent of the speed of sound, pressure, humidity and any system
offsets, and the performance of the instrument depends on precise measurements of t1 and t2. These precise
measurements are achieved using state-of-the-art signal processing techniques, coupled with the use of the
latest microprocessor technology, which allows many samples to be processed and validated each second.
In addition, the pulses are continually adjusted by closed-loop control, to optimise their transmission and
reception, in response to varying operating conditions.
The use of ultrasonic technology and micro processor based electronics means that the unit is also able to
transmit self diagnostic status codes, which ensures that the customer has confidence in the received data.

Product research and customer requirement specifications made us understand that it is very important that
any new ultrasonic anemometer must withstand some degree of abuse from the customer.
The alternative more fragile cup and vane anemometers require frequent repair and costly recalibration due
to installation accidents, wear or contamination of moving parts.
Many of the applications that require the services of wind sensors, involve the sensors being located in
areas such as airports, boats, city centres, wind turbines, power plants and harbours etc and the maintenance
of these sensors is very costly. We paid particular attention to the resilience of the WindSonic to chemical
cleaners, solar radiation, atmospheric pollutants, electrical interference, vibration and just plain bad
weather.

The design process used to select the final aerodynamic shape has involved many man-hours utilising not
only our own wind tunnel in the UK but also those at Southampton University and at the naval wind tunnel
in Exeter.
Extensive tests were conducted at both the Southampton and Exeter tunnels to evaluate different designs
and to study the effect of wind on the sensor (through the full three hundred and sixty degrees direction
range and up to seventy m/s speed range of the sensor).

Wind tunnel tests for ultrasonic anemometers, if undertaken professionally, take on a completely different
format to that undertaken by a conventional wind sensor. In the case of a two or three cup anemometer it is
usual to fix the unit in the wind tunnel and change the air speed. The output from the anemometer is then
compared to the tunnel wind speed. This method is acceptable if there are no anemometer or wind vane
mounting arms that can affect the measured air speed. In the case of ultrasonic wind sensors there has to be
some form of mechanical support for the ultrasonic transducers, this means there will be some turbulence
generated by the structure of the ultrasonic wind sensor. This effect has to be fully understood and
calibrated out before committing to a final design.

Our method was to fix each proposed design on a rotating table, then to rotate the wind sensor in onedegree steps through three hundred and sixty degrees. In addition we had to consider the effect of varying
the angle of incidence in the vertical plane, so we manufactured a test rig, not only to rotate the unit but
also to tilt the unit over at angles of up to forty degrees.

By employing our ultrasonic technology, the WindSonic measures wind speeds as low as 0.02 m/s, which
is not currently possible with most (if any) mechanical anemometers. With no bearings to wear out we have
achieved repeatable performance without the need for calibration. In addition to the wind tunnel trials we
have also conducted site tests in Edmonton, Canada; Oslo, Norway; Northumberland, UK; Tokyo, Japan;
Lymington (offshore), UK; Baltimore, USA; Sacramento, USA and the Austrian Alps. All reports have
been very positive with no reported system failures and wind data logged against other weather data
demonstrating the WindSonic performing as expected in all recorded weather conditions.
The Gill WindSonic works well in precipitation but we were concerned with the possible effect of snow
‘packing’ on the sensor head. We have found from experience in Austria and Edmonton that if snow builds
up on the sensor head, then a data invalid message is transmitted. With a cup anemometer zero wind speed
output could mean zero wind, a seized bearing, or a frozen bearing due to ice or snow. In the case of the
Gill WindSonic a data invalid flag is transmitted if the sensor is snow bound or has any other blockage (or
system failure), which could affect the accuracy of the wind sensor. It should be noted that by selecting a
black case and suitable shaped design we have managed to utilize all of the available solar radiation to melt
snow or ice from the sensor head. When compared to a reference unheated RM Young anemometer we
have found that this affect is quite significant.
The selection of the correct material for the WindSonic case was a very important consideration. The
projected manufacturing quantities led us down the path of injection molding the instrument case. This also
gives us a big advantage in being able to select the best aerodynamic profile of the unit within the
constraints of the molding process. Gill engineers worked very closely with our preferred supplier for the
case moldings and with the material manufacturer to select the very best material to meet all the in service
extremes of weather and pollution. After an exhaustive evaluation process involving external tests we
selected Luran (S KR 2861/1C ASA/PC). This material gives us high strength, resistance to UV and is
unaffected by most atmospheric pollutants.
The design incorporates O-ring seals to all external mating parts, this ensure that we achieve IP65
environmental protection. The WindSonic complies with all the necessary European EMC standards and is
CE marked.
In addition to the field trials of the unit, we have conducted environmental trials in our own environmental
chamber, to test the operation of the unit in extremes of temperature (minus thirty five degrees centigrade
to plus seventy degrees centigrade) and humidity (five to one hundred percent). Vibration tests were
conducted externally to meet marine deck mounted standards.

Vibration test
Gill conducted rain trials and freezing rain trials to confirm performance before we subjected early units to
field trials. Mother nature is the best test for any new wind sensor and for this reason we committed very
early to the deployment of ten field trial units.

Rain test (Gill)
Winter field trial (UK)
Field Trial (Austria)
The easy mounting of the unit is of prime importance, providing as much protection as possible for the
IP67 connector. To achieve this the WindSonic is mounted on a standard pipe size that is available world
wide, in aluminum or stainless steel. The connector is located inside the pipe, which offers additional
mechanical and environmental protection. As the main body of the WindSonic is plastic we do not have to
consider problems due to galvanic action between dissimilar metals. The WindSonic has the ‘north’ marker
molded into the body to make alignment to north or some other datum very easy.
Considerable thought has been given to the external packaging of the product. The pack is designed to give
the customer the option of using the carton for a zero wind and geometry check. The inner pack need only
be removed after installing the unit, thus giving added protection to the unit during installation.
Gill launched the WindSonic in January 2002 at the American Meteorological Society show.
Acknowledgements: Leeds University (field trials), Southampton University (wind tunnel)
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Introduction
During the period January 2000 to May 2002 several temperature radiation screens were studied at a
test field at the Norwegian Meteorological Institute in Oslo. As reference screen the standard screen at
Norwegian weather stations was chosen, a construction of 1946, known as the MI-46 type. Three types
of sensor screens were compared to the reference. These were the Vaisala and Young screens and the
Norwegian Meteorological Institute’s own construction, the MI-74. The MI-74 type was represented
in the test by four individual screens.
Test field
The figure below presents the test field at the Norwegian Meteorological Institute at Blindern, Oslo.
The screens are placed at a grass field with distances between the screens not less than about 2 m in
order to avoid mutual shading.
The climate at the test field
The climate at Blindern where the screen comparison experiment was carried trough is located in Oslo
at the inner part of the Oslo fjord. In spite of being located only few km from sea water, the climate
have a continental character with cold winters and warm summers compared to the west cost of
Norway, where for example Bergen is located approximately at the same latitude.

Figure 1. The test field at the Meteorological Institute in Oslo
Screens investigated
In this experiment we have used 2 principally different types of radiation screens, see figure 1.
•

•

The first type is the classical freestanding screen. This type of screen came into widely use in
the station network of the Norwegian Meteorological Institute throughout the 1930s, and has
been designed in different models. The currently used model is the MI-46, a wooden, doubled
louvered, screen of the Stevenson type. This model is still the dominating screen in the
Norwegian Meteorological Institute station network.
The second type is the small, cylindrical, screen designed for Platinum Resistance
Thermometers (PRT), of which 3 models are represented. These are the MI-74, a model
manufactured by Young and a model manufactured by Vaisala. The two latter are single

louvered, while the MI-74 has double rings inspired by the double louvers of the Stevenson
screen. The Young screen is a model 41002, while the Vaisala screen is a DTR13. In this
experiment we have used 4 equivalent screens of the MI-74 model, 2 of which are housing a
hygrometer in addition to the thermometer.
Temperature measurements
All radiation screens are equipped with Pt 100 elements of IEC-751 Class A. They have been
calibrated in our temperature laboratory and uncertainty is better than ± 0.1 °C in the actual
measurement range.
The Pt 100 elements are connected directly to the switch and are measured 12 times per minute. From
these raw data one minute means are calculated that are defined as the now value. This is also in
agreement with the current practise in the Norwegian Meteorological Institute’s station network.
Additionally, hourly data are stored in separate files, consisting of the hourly now value and
maximum- and minimum temperature during the last hour as well as the time of occurrence. The
measurements in this experiment started January 2000 and ended May 2002.
Exposure and additional parameters
The exposure area is planned according to the suggestions made for a preliminary ISO screen
comparison test method. The pressure, relative humidity, wind speed and direction at 2 m level and
global radiation are measured.
Additional parameters (wind, humidity, radiation, pressure) are measured and stored in the data
logger. The logger calculates the mean values and these are transferred and written by the computer
program once per minute.
To measure the additional parameters we have used the following instruments: Vaisala HMP 45 D,
Kipp & Zonen C 5 and Vaisala WAA 15 and WAV 15.
Results
Differences of monthly mean temperature, sensor screen minus reference screen:
Mean monthly values

Difference from reference

.1
Young
0.0
Vaisala
MI-74.1

-.1

MI-74.2
-.2
MI-74.3
-.3

MI-74.4

r
be
em r
ec e
D mb
e
ov
N er
ob er
ct
O mb
e
pt
Se st
gu
Au
ly
Ju
ne
Ju
ay
M
ril
Ap
ch
ar
M ary
u
br
Fe ry
a
nu
Ja

The difference between the sensor
screens and the reference was
±0.1 oC or less for the Vaisala
screen in individual months. This
was the screen that had
characteristics closest to the
reference in almost all months. The
Vaisala screen was colder than the
reference from March to October,
while in the other months the
differences were negligible. For the
other screens the differences were
less than ±0.2 oC during all months.
Also for the Young screen the
differences were negligible during
winter.

Month of year

Figure 2. Mean monthly values

Monthly mean differences of daily maximum temperature, sensor screen minus reference screen:
The Young and Vaisala screens got almost the same results in the test concerning daily maximum
temperature. During most months the differences were less than ±0.1 oC and for all months except
March 2001 less than ±0.2 oC. The differences did not vary systematically during the year and the
mean difference for the whole year is zero when measuring uncertainties are taking into account. The
MI-74 screens seem to be slightly warmer during summer.
Monthly mean differences of daily minimum temperature, sensor screen minus reference screen:
In all months the differences between the Young and Vaisala screens and the reference was ±0.1 oC or
less, while the MI-74 screens was 0.3 – 0.4 oC colder than the reference.
Mean differences of hourly temperature grouped by six seasons:
I the season October – January the diurnal variations of the differences are about ±0.1 oC for all
screens. However, there are appreciable differences between the screens. For the Vaisala and Young
screens the differences are negligible and may change sign from hour to hour, but for the MI-74
screens the differences are all negative, varying from 0.0 oC to –0.3 oC. The largest differences were
found for two of the MI-74 screens in Oct. – Nov.
Hourly mean values in October - November

Hourly mean values in December - January
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Figure 3. Monthly mean values in
October - November
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Figure 4. Monthly mean values in
December - January

Throughout the season February – September the same pattern was seen. When the sun was under the
horizon there were very small differences between the Vaisala and Young screens and the reference,
while the differences between the MI-74 screens and the reference were all negative, mean values of
about –0.2 oC. Shortly after sunrise all sensor screens were more rapidly heated than the reference. At
midday the MI-74 screens had still somewhat higher temperature than the reference, while the Vaisala
and Young screens were 0.1 – 0.2 colder than the reference. In the afternoon when the sun still was
over the horizon, all sensor screens tend to have lower temperatures than the reference. This might be
explained by the larger inertia of the wooden MI-46 reference screen than the sensor screens. The
temperature lag in the screens compared to air temperature is usually considered to be larger in large
wooden screens than in the sensor screens. This temperature difference in the afternoon was limited to
about -0.2 oC. Below this is shown for June – July (figure 5) and August – September (figure 6) .

Hourly mean values in June - July

Hourly mean values in August - September
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Figure 5. Monthly mean values in
June – July

Figure 6. Monthly mean values in
August - September

Diurnal differences in clear weather:

Clear conditions, April - May
.8
.6
Difference from reference

At midday when the short wave
radiation reached its maximum, the
MI-74 screen was warmer than the
reference by 0.2 – 0.6 oC somewhat
depending on the season. This was
interpreted as a result of overheating,
i.e. the screen is warmer than the true
air temperature. The opposite situation
occurred when the Vaisala and Young
screens were compared to the
reference, the differences were
negative. That means that these
screens are less overheated than the
reference, the differences being about
0.2 oC. This is shown for April – May
in figure 7.
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Figure 7. Diurnal differences in clear weather in
April - May

Difference under rainy weather:
It was detected during the work in the test field that sensors located near the central axis of the MI-74
were wetted in rainy weather. This is the traditional location of the sensor in the screen like in two of
the individual screens represented in the test field. During an episode of showers in September 2001
the evaporation from the surface of the sensor caused the temperature to fall about 2 °C below air
temperature. And during the extraordinary rainy season October – November 2000 the temperature
measured in the two MI-74 screens with traditional location of the sensors was about 0.3 °C lower
than in the reference. In the same season, the other two MI-74 screens with sensors located off then
central axis had temperature 0.1 – 0.2 °C lower than the reference. It was therefore assumed that
droplets occasionally hit the sensors in these screens too. This problem was solved and in October
2001 the two MI-74 screens with problems of wet sensors were replaced.

Meteorological Sensors
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and Used Independently
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Метеорологические датчики
для использования в автоматизированных системах
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Беларусь;
Карташов Г.В.,Худицкий А.Н., ОАО «Пеленг», г.Минск, Республика Беларусь.

1. ABSTRACT
Joint-Stock Company "Peleng", Minsk, Republic of Belarus
together with
hydrome-teorological service of the Republic of Belarus developed and put into production
Clouds Lower Boundary Meter, Visibility Range Meter, Anemorumbometer.
A distinctive feature of the developed sensors is possibility of their use both
independently and for automated systems of surface measurements with data transfer by
interface RS232.
The principle of operation of Clouds Lower Boundary Meter is based on laser sensing of
clouds; Visibility Range Meter performs measuring decrease of light flux by atmospheric layer
on single or double measuring bases, comparing it with basic light flux and calculating visibility
range based on known laws; as a sensor anemometer uses optronic pair, rumbometer uses
limbs with seven-bit Grey code. By their parameters sensors fully correspond to the
requirements of VMO and IСAO. More detailed characteristics and their design are listed in the
Report.
Sensors passed experimental use in Republican Hydrometeorological Centre, Minsk.
The results are listed in the Report. Besides Visibility Range Sensor passed experimental use
in some airports of Russian Federation and Republic of Belarus.
Sensors are certified by Commission on certification of airdromes and equipment of
Interstate Aviation Committee and National Standard Organization.

2. ВВЕДЕНИЕ
ОАО»Пеленг» совместно с гидрометеорологической службой Республики
Беларусь разработало и внедрило в производство датчик нижней границы облаков Измеритель нижней границы облаков «Пеленг СД-01-2000», датчик видимости - Прибор
для измерения метеорологической дальности видимости «Пеленг СФ-01»,
анеморумбометр «Пеленг СФ-03». Датчики видимости и нижней границы облаков
аналого-цифровые, анеморумбометр – цифровое устройство. Основное их назначение
–
работа
в
компьютеризированных
автоматизированных
информационно-измерительных системах, например, метеостанции аэропортов.
Датчики могут использоваться и автономно, каждый из них имеет блок управления и
информации в виде отдельного табло или на базе ПЭВМ.
Датчики имеют встроенные микропроцессорные системы, обеспечи-вающие
управление и контроль процесса измерения, режим самотестирования отдельных
блоков и узлов, первичную обработку и передачу данных на устройства отображения
информации (табло, дисплей ПЭВМ, дисплей АМИС).
Одновременно с разработкой датчиков был разработан блок сопряжения, который
позволяет подключать к одной ПЭВМ до 8 различных датчиков.

Датчики рассчитаны на использование существующих силовых и сигнальных
коммуникаций в местах их установки. Датчики могут устанавливаться на фундаментах и
вышках, на мачтах, на которых ранее устанавливались аналогичные датчики.
Выходной интерфейс – RS-232С, модем
Код передачи информации - ASCII
Дистанционная передача информации от первичного измерителя до блока
управления и информации, либо АМИС, не менее 8км.
Источник питания - промышленная сеть переменного тока напряжением 220 ±22В
частотой 50 ±1,5Гц
Условия эксплуатации:
температура окружающей среды от минус 50 до +500С,
атмосферное давление, от 60 до 108кПа,
относительная влажность воздуха при температуре 35 0С, до 98%,
интенсивность осадков до 3мм/мин, туман, дымка,
скорость ветра до 55м/с,
по степени защиты оболочки датчиков от проникновения пыли и воды
соответствует группе IP63 по ГОСТ 14254-96
Средний срок службы, лет, не менее 8 лет.
В комплект поставки входят:
комплект ПО (на дискете),
комплект запасных частей, инструмента и принадлежностей
комплект монтажный
комплект эксплуатационной документации.
В комплект эксплуатационной документации каждого датчика входит
методика его поверки.
Межповерочный интервал – 1 год
Датчики зарегистрированы в Государственном реестре средств измерения
Республики Беларусь и сертифицированы в Комиссии по сертификации аэродромов и
оборудования МАК.
Сервисное обслуживание
Предприятие-изготовитель обязуется в течение гарантийного срока безвозмездно
ремонтировать датчики, если за этот срок они выйдут из строя, или их характеристики
окажутся ниже норм, указанных в Руководствах по эксплуатации. После гарантийное
обслуживание в соответствии с договором, заключенным между
предприятием-изготовителем и потребителем.

3. ОПИСАНИЕ ДАТЧИКОВ
3.1. Датчик нижней границы облаков – коммерческое название –
измеритель нижней границы облаков «Пеленг СД-01-2000» Принцип действия измерителя нижней границы облаков «Пеленг СД-01-2000»
основан на регистрации времени прохождения импульсом оптического излучения от
датчика (далее по тексту - измеритель) расстояния H до облака и после отражения от
него обратно, что при известной скорости света дает значение высоты нижней границы
облаков.
Отсюда
Н = C⋅t/2
С - скорость распространения света, м/с;
t - время прохождения единичным импульсом расстояния до облака и обратно, с.
Короткий оптический импульс, сформированный измерителем, излучается
вертикально вверх и отраженный в рассеивающих средах атмосферы, неся
информацию о тумане, осадках и облаках, принимается приемником, преобразуясь в

электрический сигнал. Измеритель осуществляет цифровые выборки отраженного
сигнала с тактовой частотой 15 МГц, то есть через каждые 66,67 нс и таким образом
обеспечивается разрешение по высоте равное 10 м. Вычислитель измерителя
обрабатывает полученную цифровую информацию и выдает результаты измерения
высоты облаков.
Для обеспечения безопасности обслуживающего и летного персонала в
измерителе используется импульсный полупроводниковый лазер небольшой мощности.
Поскольку мощность отраженного сигнала при этом мала, в измерителе применен
принцип накопления, то есть для проведения одного измерения высоты используется
большое число (n = 10000) импульсов излучения лазера. При этом полезный сигнал
увеличивается в n раз по числу измерений, а некоррелированный шум в измерителе
суммируется пропорционально корню квадратному из числа измерений (√ n.). В
результате получаем увеличение соотношения сигнал/ шум в √ n раз.
Измеритель нижней границы облаков «Пеленг СД-01-2000» представляет собой
наземный прибор дистанционного зондирования, состоящий из непосредственно
измерителя, располагаемого в месте проведения измерений, блока управления и
индикации на базе персональной ЭВМ с программным обеспечением и источника
бесперебойного питания. Блок – схема измерителя нижней границы облаков «Пеленг
СД-01-2000» представлена на рисунке.
Дополнительная линия

связи
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Блок - схема измерителя нижней границы облаков «Пеленг СД-01-2000»
Конструктивно измеритель выполнен в виде моноблока, объединяющего в одном
корпусе передатчик лазерный, состоящий из источника импульсного лазерного
излучения и передающей оптической системы, фотоприемное устройство с приемной
оптической системой, блоки
электроники, обеспечивающие функционирование его и обмен информации с блока
управления и индикации.
Моноблок монтируется на специальной стойке, которая в свою очередь крепится
на забетонированной плите метеоплощадки в предполагаемом месте установки
измерителя нижней границы облаков «Пеленг СД-01-2000».
Датчик проводит измерения автоматически круглосуточно с периодичностью,
задаваемой оператором. Обмен информации между измерителем и блоком управления
и индикации осуществляется со скоростью 2400 бит/с. Передача информации
осуществляется в кодах АSCII (возможен вариант передачи информации в двоичных
кодах).
Технические характеристики
Диапазон измеряемых высот нижней границы облаков, от 10 до 2000 м
Основная абсолютная погрешность в диапазоне от 10 до 100 м, не более±10 м
Основная относительная погрешность в диапазоне от 100 до 2000 м, не более
±10%
Режим работы измерителя ручной или непрерывный, автоматический с частотой
измерений, задаваемой оператором.

Частота измерений, задаваемая оператором, от 15 с до 11ч59мин с дискретностью
1 с.
Период обновления информации на средствах отображения - 60с.
Мощность, потребляемая измерителем от сети, при нормальной температуре не
более 200ВА, при температуре минус 500С не более 400ВА.
Габаритные размеры измерителя,
высота 1200 мм,
длина 340мм,
ширина 310мм.
Масса измерителя не более 50 кг.

3.2. Датчик видимости - коммерческое название – прибор для
измерения метеорологической дальности видимости “Пеленг СФ-01”
Для определения метеорологической оптической дальности используется принцип
измерения пропускания слоя атмосферы, равный измерительной базе. Длина
измерительных баз определяется потребителем. Датчик может работать с одной или
двумя измерительными базами. Датчик имеет встроенную микропроцессорную систему,
обеспечивающую
управление
и
контроль
процесса
измерения,
режим
самотестирования отдельных блоков и узлов, первичную обработку и передачу данных
на устройства отображения информации (табло, дисплей ПЭВМ, дисплей АМИС). Блок
сопряжения позволяет подключать к одной ПЭВМ до 6 датчиков.
Датчик выпускается в двух вариантах исполнения:
- измеритель МОД с блоком сопряжения для подключения к ПЭВМ или АМИС,
рассчитанный в основном для аэропортов,
- измеритель МОД с табло и ПЭВМ.
ПЭВМ, табло, блок сопряжения, узлы, входящие в одну из баз, поставляется по
согласованию с потребителем., т. е. конфигурацию прибора выбирает потребитель.
Краткие технические характеристики.
Количество измерительных баз - одна или две (определяет потребитель). При
использовании двух измерительных баз переключение баз происходит автоматически.
Длина измерительных баз - 25; 50; 100; 200 м.
Диапазон измерения коэффициента пропускания атмосферы от 0,01 до 0,99.
Абсолютная погрешность измерения не более - ±0,01.
Контрольные светофильтры аттестованы с точностью 0,3%.
Период обновления данных не превышает 15 с.
Потребляемая мощность прибора (включая обогрев) не более 150 Вт.
Конструктивно прибор состоит из излучателя с блоком электроники и стоящих
отдельно на расстоянии измерительной базы одного или двух приемников.
Отличительной особенностью прибора является использование в качестве источника
света автомобильной лампы накаливания А12-45+40, работающей в импульсном
режиме. В лампе используется только одна нить дальнего света. Возможно применение
зарубежного аналога этой лампы любой фирмы. Одним из критериев, повлиявших на
выбор типа источника света, была доступность лампы А12-45+40, её низкая стоимость.
Применение лампы накаливания позволило повысить точность прибора при измерении
коэффициента пропускания атмосферы до 1%. Электронная схема включения лампы
позволила увеличить срок службы последней до двух лет.
Светочувствительный элемент, примененный в приемниках, имеет линейную
характеристику во всем диапазоне измерения уровня света излучателя, что исключает
необходимость коррекции линейности и серийно выпускается одним из российских
предприятий. Достичь нужную точность потребовало применения термостабилизации
фотоприёмников в измерительных и опорном каналах.
Прибор защищен от импульсных бросков напряжения питания и импульсных
помех по линии связи.

Примененная в приборе оригинальная схема измерения позволила практически
исключить влияние фона, чего нет ни в одном другом датчике видимости.
Следует обратить внимание на то, что только в приборе «Пеленг СФ-01»
метрологически подтверждается достигнутая точность измерения прозрачности
атмосферы в 1%, и гарантируется она использованием контрольных фильтров с
погрешностью не более 0,3%.
Программное обеспечение обеспечивает отображение на дисплее ПЭВМ или
дисплее АМИС оптическую метеорологическую дальность. Значение видимости
меняются каждую минуту. Программное обеспечение позволяет вводить пороги
штормового предупреждения непосредственно на метеостанции. При достижения
видимости установленного порога на дисплее появляется сообщение о достижении
порога и подается звуковой сигнал.
Для снижения стоимости прибора и упрощения пользования прибором на
метеостанциях по рекомендации Главгидромета РБ было разработано индикационное
табло, которое используется вместо дисплея ПЭВМ, однако не имеет памяти.
В памяти ПЭВМ или АМИС хранятся данные о видимости за 30 суток. При желании
они могут быть распечатаны или выведены на монитор в виде графика или таблицы за
все 30 суток или за любой промежуток времени в течении этих 30 суток.
Большое внимание при разработке прибора было уделено удобству эксплуатации,
техническому обслуживанию, настройке. Все органы управления и настройки, а также
индикация измеряемых параметров (прозрачность атмосферы, МОД, уровни сигналов
фотоприемников) выведены на переднюю панель блока электроники, который
располагается рядом с излучателем. Примененные в приборе наклоненные,
обогреваемые защитные стекла увеличили сроки между проводимыми работами по
техническому обслуживанию. Для удобства обслуживания и монтажа в комплекте
прибора имеется оптический прицел 4х или 6х и прибор контроля для контроля тока
обогрева, напряжения питания лампы, тока фотоприемника.

3.3. Анеморумбометр «Пеленг СФ-03»
Анеморумбометр «Пеленг СФ-03» предназначен для непрерывного измерения
параметров ветра по существующей методике в составе автоматизированных
метеостанций, так и автономно.
Прибор выпускается в двух вариантах исполнения:
- анеморумбометр с табло и ПЭВМ,
- анеморумбометр с блоком сопряжения для подключения к ПЭВМ или
метеостанции.
Диапазон непрерывных измерений мгновенной скорости, осредненных за 3…5 с от
1 до 55 м/с.
Предел допускаемой погрешности измерения мгновенной скорости:
- при скорости до 10 м/с
±0,5 м/с;
- при скорости более 10 м/с
±5 %.
Скользящий выбор и выдача минимальной и максимальной скорости ветра за
истекшие 2 и 10 мин
Скользящее осреднение скорости за истекшие 2 и 10 мин
Диапазон непрерывных измерений направления ветра, осредненных за
3…5 с от 0 до 360°.
Предел допускаемой погрешности измерения направления ветра ±3°.
Скользящее осреднение направления ветра в диапазоне от 0 до 360° за истекшие
2 и 10 мин с погрешностью измерения направления ветра ±3°.
Скользящий выбор и выдача пределов изменения направления ветра за истекшие
2 и 10 мин
Порог чувствительности, м/с:
- анемометра – 0,7;
- румбометра – 0,5.

Разрешение румбометра 3 угловых градуса.
Период обновления данных 5 с.
Рабочая температура от минус 50 до 50 °С;
Потребляемая мощность 60Вт.
Конструктивно прибор состоит из анемометра и румбометра, укрепленных на
общей штанге, блока обработки информации, блока питания, табло или ПЭВМ.
Анемометр и румбометр оснащены бесконтактными датчиками - анемометр диском с16
прорезями и оптопарой а румбометр 7-разрядным кодовым диском с кодом Грея и
оптопарами. В анемометре и румбометре применены подшипники из нержавеющей
стали и специальная морозоустойчивая смазка, позволяющая использование прибора
при тампературах до минус 600С.
Прибор защищен от импульсных бросков напряжения питания и импульсных
помех по линии связи.
Программное обеспечение обеспечивает отображение на табло, дисплее ПЭВМ
или дисплее АМИС мгновенную скорость ветра, усредненную за 2 и 10мин, мгновенное
направление ветра, пределы изменения ветра в течении 2-х и 10-и мин. Программное
обеспечение позволяет вводить пороги штормового предупреждения. При достижения
ветром установленного порога на дисплее появляется сообщение о достижении порога
и подается звуковой сигнал.
В памяти ПЭВМ или АМИС хранятся данные о параметрах ветра за 30 суток. При
желании они могут быть распечатаны или выведены на монитор в виде графика или
таблицы за все 30 суток или за любой промежуток времени в течении этих 30 суток.
Для удобства обслуживания прибора блок информации оснащен дисплеем, на
котором отображается мгновенная скорость и мгновенное направление ветра.
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1. Introduction
Fog, as the factor, which impairs visibility, creates large harm on many fields of national
economy. In spite of development and improvement of technical equipment for "blind navigation",
the urgency of the problem of artificial fog dissipation does not decrease as in field of aviation as in
marine transportation. An essential effect fog have also on car and truck traffic, increasing the
danger of collision and considerably reducing the velocity of motion. The problem of fog is
especially urgent for the large highways, where along with an increase in traffic volume there is the
grows of loses induced by fog.
The development of methods and technical equipment for artificial fog dispersion is the
perspective direction of works to the decrease of the losses, connected with the fog. At the same
time, as it is shown by practical experience, super-short term forecast (nowcasting) of the fog
formation/dissipation makes it possible to decrease considerably the losses. Under the word
nowcasting in application to the fog, we mean reliable (more then 80% probability) local (valid for
the area about 10-20 square kilometers) forecast within the time scale 1-2 hours prior the real event.
It is well known that not only saturation of air is required for the fog formation, but air mass should
be supersaturated, so that the part of the water vapor would be condensed and would create the
water content of fog. The process of air saturating in the atmospheric boundary layer depends by
two reasons: either by a temperature decrease or by an increase of the moisture supplies. Important
role in the fog formation and scattering plays the vertical distribution of meteorological elements in
the boundary layerof the atmosphere. Among them are: temperature profile, humidity profile, wind
and so forth. Stable atmosphere stratification is common for all forms of fog. It is characterized by
the weak temperature decrease in the layer of fog and by the inversion above it, therefore turbulent
moisture and heat exchange above it is very weak. It is increased with a change of the synoptic
situation, when wind speed is increased and the inversion is destroyed. In this case the fog is
scattered both due to the mixing of dry air with the fog and due to the redistribution of the
temperature and humidity in its layer. While the turbulence during stable stratification is increased,
the temperature rise in the lower layer, and fog is scattered or transformed into the low level cloud.
Radiation fluxes play large role in the process of the formation of fog. As is known, water
vapor is the key atmosphere component which absorb IR radiation. Therefore the changes in
saturation of boundary layer has the influence on the effective emission of the earth's surface. These
changes can be detected in a good time prior the fog formation by carrying out of the corresponding
measurements. Thus, for the fog "nowcasting" it is necessary to obtain in operative mode following
data about the state of the boundary layer of the atmosphere:
- near ground temperature, humidity, pressure, velocity and direction of wind;
- vertical pulsation of wind at the near ground level;
- the temperature profile in the atmosphere boundary layer;
- radiation balance at the near ground level;
- visibility
2. Meteorological system description
The meteorological system composed with a set of remote and "in situ" sensors was
developed in Central Aerological Observatory (CAO) for monitoring of the atmosphere boundary
layer conditions associated with fogy conditions. The system is consist with:
• -Meteorological Temperature Profiler MTP-5 (temperature profiles up to 600m);

•

Net Radiometer (up and down radiation fluxes of solar and IR radiation as well as radiation
balance);
• IR Visibility Meter (measuring of the atmosphere transparency);
• Ultrasonic meteostation (3 component of wind as well as pulsation, relative humidity,
temperature and pressure);
• Humidity and temperature probes HMP-45A.
The main technical parameters of the meteorological system are given in the Table 1.
Table 1.
MTP-5 specification
Altitude range
Altitude resolution
Duration of a measurement
Accuracy of temperature profile
(depends on type of profile)
Power requirements
Power consumption
Net Radiometer CNR-1 includes two pyranometers
CM3 and two pyrgeometers CG3
CM3 specifications
Sensitivity
Spectral range
Expected accuracy for daily sums
CG3 specifications
Sensitivity
Spectral range
Operating temperature
Expected accuracy for daily sums
Visibility meter MODEL RP specification
Wave length of working radiation
Working base (distance between reflector and optical
electronic block
Range of transmittance coefficient, T
Typical error
Power required: voltage, current
Specifications of ultrasonic meteostation ADAT-3M
Horizontal velocity, V
Vertical velocity, W
Wind direction, D
Temperature, t
Relative humidity
Pressure
Humidity and temperature probes HMP-45A
Temperature
Relative humidity

600 m
50 m - 100 m
120 sec
0,2 K (adiabatic)
0,5 K (with inversion)
220 V, 1 A, 50-60 Hz
max 200 W, average 60 W

10-35μV/Wm-2
305-2800 nm (50% points)
± 10%
5-35μV/Wm-2
5.000-50.000 nm
-40 to +80OC
± 10%
0.87±0.03 microns
1.5 m
0 to 1
±0.01T
22 TO 26 V DC, 1.2-2.5 A
0…50 ±(0.1±0.01V) m/s
-20…+20 ±(0.1±0.01W) m/s
0-360 ±3 degree
-40…+50 ±0.5 OC
10…100 ±5 %
780…1040- ±0.5 mBar
-40…+60 ±0.5 -10…+20 ±0.3
±2 % (0…90 %) ±3% (90…100%)

3. Field measurements and the results.

Fig.1. The meteorological system, installed on
the motorway Venice-Trieste

The measurements with the above mentioned
system were carried out on the motorway
Venice-Trieste (North Italy) within 22 February12 March, 2001. The system was installed on the
5th kilometer of the motorway. The ultrasonic
meteostation ADAT-3M and visibility meter RP
were placed at the height 2.0 m. The humidity
and temperature probes HMP-45A was mounted
at the height 6.5m and the height of MTP-5
installation was 10.5m. The common views of
the devices, which composed the system, are
shown in the Figure 1.

During the time of measurements were registered two days with the intensive fog (10 and on
11 March), when visibility dropped below 100 m. The moderate fog, when visibility did not
decrease below 200 m, was observed on 2 March. Weak fogy were noted on 4, 5 and on 12 March.
Visibility during these days was more than 500 m.The analysis of the temperature profiles, obtained
by the profiler MTP -5, indicates that in entire time of observations the temperature inversions were
not observed only on 3 March and on 6 March. Unstable profile on March 3 is associated with the
rain and the same for March 6 is explained by the fresh wind (> 40km/h). During the remaining
days the inversion were formed, as a rule, in night hours. While the inversion was formed in the
evening hours, its destruction occurred next day and, as a rule, after sunrise.
The comparative analysis of the parameters of atmosphere boundary layer allowed us to
define a number of the necessary environment conditions for fog formation .at the location of
measurements. Namely the following events were observed:
- temperature drop with the rate not less than 0.5 degree/hour;
- increase in the relative humidity to the values higher than 90%;
- temperature inversion in the layer 0-200 m;
- wind speed not more than 3.0 m/h.
However, the presence of these conditions insufficiently for the beginning of fog formation.
Time series of the temperature, measured at heights 2.0m, 6.5m, 10.5m and 50 m in the morning
hours for clear (March 7, 2001) and fogy of days (March 10, 2001) are presented on the Figure 2.
For these days was observed a 3 degree C temperature decrease within 6 hours , and an
increase in the relative humidity to 4-6%. A change in the visibility for the case of fog on 10 March
is shown in figure 3.
As can be seen well on figure 2, in time the temperature decrease is observed in both
fogy/non-fogy conditions the variations in the temperature, which exceed one degree, was observed
at the height 2m. With an increase in the height the amplitude of these oscillations decreased. For
the clear conditions was observed stable stratification practically from the earth's surface. For the
fogy of condition prior to the beginning of the formation of steady fog (3:05) in the layer to 50 m
were observed strong variations in the temperature profile. After 3:30, when visibility was reduced
to 150 m, the elevated inversion was formed. In figure 3 it is evident that several cases of the shortterm (20-40 minutes) decrease of visibility were observed from 0:00 to 3:00 hours. These changes
in the visibility were accompanied by temperature drops at the level 2 m to 2.0-2.5 degrees and,
with a certain delay, by the drop in relative humidity on 1.5-2.0%
As has already been spoken above, changes in saturation of boundary layer have an effect on
the effective emission of the earth's surface. K. S. Shifrin proposed the equation, which expressed
the effective emission of the earth's surface through the terms of the average water content in the
sub inversion layer. With the aid of this equation was calculated the gradient of average water
content in the sub inversion layer for the fogy days and for the clear ones. For the calculations were
chosen just those clear days when the parameters of the lowest layer of the atmosphere were close
to those observed in the case of the formation of fog. Calculations showed that if the conditions for
the formation of fog are absent, then the gradient of average water content is close to zero. In the
case of the formation of fog 1,5-2,5 hours prior to the formation of steady fog the gradient of
average water content initiated to fall sharply. Then was observed its growth, and after the
formation of fog, the gradient of average water content varied around zero. Typical time series of
the gradient of the average water content for clear and fog conditions are shown on the Figure 4.
4. Conclusion
The measurements made by means of the described meteorological system have shown that :
- Measurements of the radiation balance, and especially in IR range, of spectra are very useful
addition for the understanding of fog formation processes.
-The developed inversion in the boundary layer temperature profile along with the high relative
humidity are not "enough" predictors for fog formation

-The number of meteorological parameters, measured by the designed system, is "necessary" and
"enough" in mathematical meaning for the proposed methodic of fog formation. "nowcasting"
- The case study of the number of fogy events in the North Italy indicates that the synergy of
different sensors is a very perspective direction for fog formation "nowcasting".
- The meteorological system described in the presented report is the bright example of the system
solution of the particular "Customer" tasks using the standard set of meteorological devices.
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1. Introduction
Hemispherical global irradiance is a parameter of great importance for meteorology because it
represents the source of energy for the movements of the atmosphere. This important parameter is
monitored at all the automatic meteorological stations in Switzerland. It was therefore interesting to
analyse the behaviour of pyranometers’ heating and ventilation devices under severe icing
conditions, in order to characterize how biased are the results under these conditions, especially as
the Swiss automatic meteorological network ANETZ is presently being renewed.
The EUMETNET/SWS II project gave the opportunity to perform this comparison (beside of other
measurements described in other contributions) during the winter 2001/2002 on the mount Säntis at
an altitude of 2500m and preliminary results obtained during this campaign will be presented. A
detailed report on the complete experiment is to be published at the end of 2002.
2. System description
Four systems were under testing, equipped with two pyranometers types (CM11 and CM21 from
Kipp&Zonen). The difference between the systems is not due to the pyranometer themselves, but
much more to the ventilation and
heating systems used to prevent icing.
Two pyranometers (AV1 and AV2)
were installed with a ventilation
developped at MeteoSwiss, a further
one with a commercially available
system CV2 from Kipp&Zonen
(K&Z) and the last one with a
ventilation used at the Finnish
Meteorological Institute (FMI). One
pyranometer from MeteoSwiss (AV2)
was cleaned regularly by the local
observer and was therefore selected as
reference, even if not allways totally
free of ice. The air inlet from the
MeteoSwiss systems is protected by a
shell oriented against the main wind
direction. The air conditioning box
from the FMI is installed on the side of the pyranometer.
Figure 1 : the pyranometer assembly at the Säntis

The figure 1 shows the assembly with, from back to front, AV1, AV2, K&Z and FMI devices.
The pyranometers’ values were sampled at 10 s intervall and 10 minutes averages were recorded.
The measurement period lasted from 01.10.2001 to 30.04.2002. During this period 26064 10
minutes measurements were recorded with observations.

3. Results
3.1

Icing quantification

A difference is made between meteorological icing (the perturbation), which is a meteorological
event and the cause of icing problems, and instrumental icing (the answer), which is the effect
from the previous one on the instrument. Meteorological icing was quantified by weighting 7 times
a day (no observation at midnight) the amount of ice accreted on a 100 cm2 cylinder provided by
FMI. Instrumental icing was quantified by visual observation: a note between 0 (free of ice) and 3
(totally covered with ice) was attributed 7 times a day by the observer characterising the icing state
of the case and of the sensitive part (the glass dome and filter) of the instruments participating to the
test.
The measurement period lasted 7 months. Meteorological icing (accretion on cylinder) was
observed during 32% of this period, with accretion rates as high as 1 g/cm2/h.
In order to compare the response of the different instruments, the number of instrumental icing
cases (with a note different of zero) relative to the number of meteorological icing cases (ice
accretion on the cylinder) was considered. The result is plotted in figure 2. It may be seen that even
cleaned at the same time as the cylinder swapping, the AV2 system remains at least slightly covered
with ice (class 1) during 70% of the icing event duration. The same system uncleaned (AV1)
remains hindered by ice 120% and the other instruments 150% of the meteorological icing, e.g. the
instruments remained covered with ice after the end of the meteorological icing event. For
comparison the structure (neither heated nor ventilated) supporting the instrumentation remained
iced 195% of the time with meteorological icing.
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Figure 2 : relative icing : the time with non-zero class divided by the time with ice accretion

Figure 3 deals with the instrumental icing only. It displays the observed time of the different icing
classes relative to the total observation time for each instrument. The effect of regular cleaning of
the AV2 resulting in a small number of class 3 observations as well as the protective effect of shell
on the AV1 system are demonstrated. In fact, it was observed that in case of icing, the filter at the
air inlet of the K&Z and of the FMI instruments was rapidly blocked by ice and the air flow
stopped, thus leading to unhindered ice accretion on the sensor.
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Figure 3 : the relative residence in the different classes

3.2

Case study

Figure 4 illustrates the effect of an icing event on the different instruments. The left scale refers to
the measured global irradiance [W/m2] while the right one shows the instrumental icing classes. The
different instruments are identified by colours identical for both class status (dotted horizontal line)
and signal (full line). Meteorological icing observations showed a light accretion rate (0.2 g/cm2/h)
on the 12th an 13th february, leading to the following observed instrumental icing : the reference
AV2 instrument (magenta curve) was oscillating between class 0 and class 1 while the other sensors
remained between class 1 and class 3. Sunshine was only recorded for about 5 hours during the last
day. The air temperature remained around –5 oC. The reference AV2 was cleaned on the 12th
between 08h00 and 20h00 (5 times), on the 13th between 02h00 and 14h00 (5 times) and on the
15th at 2h00 (1 time).
It may be noted that the signal is weakened mainly during class 2 and 3 situations.
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3.3

Scatterplot

Scatterplots performed over the whole measurement period summarize the behavior of the different
sensors compared to the reference instrument under instrumental icing conditions and give a good
illustration of the link between instrumental icing and data perturbation. Figure 5 displays the
scatterplot of the FMI pyranometer relative to the reference (AV2, regularly cleaned). The different
icing classes are plotted with different colours. An hysteresis between ascending and descending
sun - up to now unexplained – may be spotted, leading to a broadening of the curve.
It must be also noted that observed instrumental icing does usually lead to corrupted data, but with a
different magnitude depending on the class situations. In fact, class 2 and 3 situations clearly
produce very low radiation values, as observed on sunny days following icing situations. Corrupted
data under cloudy situations are difficult to recognize due to the very low recorded intensities. This
fact is clearly confirmed by the previous case study.
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Figure 5 : scatterplot

4. Conclusion
The measurements performed during the EUMETNET/SWS experiment showed that strong icing
conditions dramatically disturb the global irradiance measurement. None of the tested system was
able to fully withstand the particularly harsh climatic conditions prevailing at the Säntis. Even a
cleaned instrument may show a small amount of class 2 (partial covering) and class 3 (total
covering) events due to the discontinuous presence of the observers.
If the analysis is restricted to class 2 and 3 and if the present winter conditions were representative,
the present study shows that the tested systems record in the mean the following amounts (in time)
of underestimations during the winter season:
-

7% for AV2 for MeteoSwiss (cleaned),

-

24% for AV1 for MeteoSwiss (un-cleaned),

-

40% for both K&Z and FMI systems (un-cleaned).

This experiment shows that technical developments can clearly improve the quality of the results,
but that the presence of an operator remains at the present time the best (when not the cheapest)
solution for good global irradiance measurements in strong icing situations.
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Introduction
In order to enhance network efficiency and give the capability to deliver 10
minute observations the need has arisen to produce an indicator of present weather
conditions from unmanned locations.
Although there are a variety of commercially available present weather sensors and
instruments which will provide a good estimation of present weather, these all
have weaknesses.

Instrument Comparison Trials
A comparison trial between the present weather sensors from Vaisala, HSS and
Andrews Inc was carried out at the Met Office. This trial produced the result that
the Vaisala FD-12P was overall the best choice for our purposes.
From November 2000 to July 2001, FD-12P instruments from the initial batch of ten
sensors purchased were simultaneously trialed against a virtual standard. The
purpose of this trial was to ascertain the range of differences between FD-12P
instrument outputs. The results produced were favourable, concluding that if they
are set up identically they produce comparable results.
Comparison trials between human observers and the Vaisala FD-12P Present Weather
sensor at Hemsby in Norfolk and Aviemore in the Highlands were also carried out,
data from these were used directly in the development of an arbiter algorithm and
to check its performance.

Met Office Approach
The Met Office has decided on an approach which combines the output from its suite
of existing automatic sensors, some specialised present weather devices, and
software known as the Present Weather Arbiter.
•

•
•
•

The arbiter makes all the separate sensors on the network act as a virtual
present weather sensor, with more data available to it than any single sensor.
For example, if the freezing precipitation sensor is not functioning, the
arbiter will use the precipitation sensors, and thermometers to determine
whether there is freezing precipitation or not.
The arbiter means that we are not solely reliant on one piece of equipment.
We have more control about the parameterisation of the output.
The arbiter returns a 2 digit code (wawa) conforming to WMO 4680 - present
weather from an automatic station, but with a few slight differences.

Score
Quantifying improvements between software versions and seeing value added over
just using the PWx sensor required the development of a way of scoring the
arbiters performance. A far from trivial task, as we are comparing a manual code
against an automatic code, and not comparing like with like.
Two main factors complicate scoring:
•

How ‘right’ is any observation. If the human says “intermittent light rain” and
the arbiter says “continuous light rain”, is that more or less right than
saying “intermittent light drizzle” or “rain in the previous hour”?

•

The importance of the weather type. Clearly it is more important to the
forecaster if the arbiter makes a mistake involving a freezing precipitation
event than one in which the arbiter gets the visibility wrong.

Tables have been created in conjunction with Met Office forecasters detailing the
‘Rightness’ of each combination of manual and automatic observation codes, and
also the relative ‘Importance’ of each manual weather code.
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Fig. 1: Rightness x Importance for all observations pairings on the z-axis. It can be seen that the
highest positive scores are gained when the automatic observation closely matches the manual and it is
an important weather type (the higher numbers on the x-axis). Negative automatic scores are obtained
when there is a large difference between the manual and automatic observation.

The graph above shows the product of the Rightness and the Importance factors for
all possible observation combinations. The full tables of Rightness and Importance
are too large to fit in this report and so Fig. 1 has been included just as an
indicator. The table on the next page shows a section of the scoring spreadsheet
detailing how many times each obs combination occurred. In this it can be seen
that there were 25 times when the arbiter reported 61 and the human reported 60,
and 53 occasions when both reported 61.

Table 1.
The arbiter score is calculated by multiplying the frequency of each observation
pairing by it’s Rightness and Importance.
Scores are also calculated for the
correct (maximum ‘Rightness’) and for
weather, which is what would happen if
maximum and minimum score and allow
percentage.

cases that all observations were exactly
the case when we always report no present
we had no data. These give us a theoretical
us to see what the arbiter achieved as a

The maximum score varies according to the weather as a period of settled, dry
weather would have lower ‘Importance’s than a snowy period.
By calculating the score for the standalone present weather sensor and comparing
this with the arbiter we can see how much value the arbiter adds.

Example of Arbiter Detail
The automatic system reported drizzle too often during manually observed rain.
This part of the arbiter was developed to make improvements.
Drizzle occurs in conditions
depression are low.

when

the

cloud

base,

visibility

and

dew

point

DETAILS OF THE ALGORITHM:
IF
(Cloud height(dm) X 35) + (Dew point depression(C) X 700)
+ (Visibility(dm))
IS GREATER THAN 3500 THEN
RECLASSIFY DRIZZLE
The 3500 cut-off of the weighted sum of the parameters gives a value below which
most drizzle events occur. The SAMOS drizzle reports will be reclassified above
this limit.
Some real drizzle events will be reclassified - but only a small
proportion. There has to be a compromise, it is possible to drive down the number
of incorrect actions (with a high threshold) but this will inevitably reduce the
number of reclassifications as well.

Rain and Drizzle Results Before Algorithm
SAMOS output when Observer reporting
Drizzle
PW code 50-55 inclusive. Total 86
PW (Auto Code)
Count
Precipitation
1
Unknown(40)
Drizzle (50+52+54)
36
Rain (60+62+63)
6
No PW or no Ob
43

SAMOS output when Observer reporting
Rain
PW code 60-65 inclusive. Total 269
PW (Auto Code)
Count
Drizzle (50+52+54)
Rain (60+62+63)
No PW or no Ob

66
133
70

It is clear that there are proportionally more occasions when SAMOS reported
drizzle in rain than rain in drizzle.

Action of the Arbiter
TEST RESULTS

Occasions
Reclassifications
(after quality control)

SAMOS reporting
drizzle in observed
drizzle.
40
3
(undesirable actions)

SAMOS reporting
drizzle in observed rain.
145
79
(desirable actions)

Overall, the balance of identification of precipitation type has been improved.

Performance
Using the scoring system has shown that the arbiter does improve present weather
code reporting quality. From November 2000 to February 2001 inclusive the scores
for the arbiter and the present weather sensor on its own were as follows:
Max Score
Min Score
FD-12P
Arbiter

10.1
-2.4
3.4
6.6

100%
0%
46.4%
72%

Conclusion
The Met Office uses Vaisala FD-12P Sensors and a software based arbiter. This
allows improvements to automated present weather reporting.
Advantages: Can be adapted/extended to include data from any sensors.
Can give early warning of sensor failure.
Disadvantages:
Needs more work done on identifying precipitation type.
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Abstract
At the BSRN Station at Lindenberg (Germany) since more than one year measurements of
atmospheric long-wave radiation have been carried out with two different types of pyrgeometers: The Precision Infrared Pyrgeometer (PIR) of the Eppley Laboratory Inc. and the
CG4 of Kipp & Zonen.
The comparison was made on the base of irradiances measured every minute. The pyrgeometers are used in different ways: with a shadow disc protecting direct solar radiation
and also unshaded. A shaded PIR, which was calibrated at the World Radiation Centre at
PMO Davos served as a reference.
The results are discussed taking into account the distinguish sky conditions during the
measurements. During night-time the irradiances of the measured atmospheric long-wave
radiation by PIR and CG4 are in a very good agreement. In the case of daytime a small influence of the unshaded CG4 by short-wave radiation was observed which however can be
corrected.
Introduction
In meteorology and especially in climate research we have a demand on very accurate
measurements. One goal of the Baseline Surface Radiation Network (BSRN) which was established within the WCRP more than 10 years ago was to fulfil those high demands (Ohmura et al. 1998). The accuracy requirements for the BSRN Network for downwelling longwave radiation are 5% or 10 W/m² which are fixed in the BSRN Operations Manual
(McArthur, 1998). These limits were achieved in 1995 (Ohmura et al. 1998). Furthermore,
there is the necessity to compare established instruments with new ones.
Therefore it is of some interest to compare the “old” Precision Infrared Pyrgeometer (PIR)
from the Eppley Laboratory Inc., (USA) and the new CG4 pyrgeometer from Kipp & Zonen
(Netherlands). The PIR was first described by Drummond et al. in 1970 and it was improved
step by step in the past 30 years. It is one of the most investigated pyrgeometer and a widespread instrument all over the world and therefore it became the status of a quasi standard if
it is used in the shaded manner. Furthermore, Philipona et al. (2001) showed that the shaded
PIR is in very good agreement with the Absolute Sky-scanning Radiometer (ASR), the primary standard for long-wave radiation measurements and that the realized accuracy is better
than the above demanded.
The objective of this investigation is to compare both types of instruments under different sky
conditions during all seasons.
The experiment was carried out at the German BSRN Station in Lindenberg (φ = 52°13’ N, λ
= 14°07’ E, h = 121 m). The data acquisition occurred in compliance with BSRN standards
(time resolution 1 Hz followed by a determination of mean, minimum, maximum and standard
deviation at every minute) by data loggers “COMBILOG” of Friedrichs (Hamburg, Germany).
The used PIRs were modified, i. e. they are additionally equipped with three dome thermistors , and calibrated at World Radiation Centre (WRC) Physikalisch Meteorologisches Observatorium Davos (PMOD) (Philipona et al. 1995). The CG4 was used with the original fac-

tor given by Kipp & Zonen, which is traceable to PMOD WRC. The following quantities were
recorded: Voltage and body temperature at the CG4 and PIR and additionally the dome temperature at the PIR. Both instruments were ventilated by a steady air stream. Always, the
PIR was shaded by a disk to prevent a heating of the dome by direct solar radiation during
the CG4 was mainly unshaded. Type and number of the pyrgeometers as well as the corresponding period they were used are arranged in Table 1.
At every minute the atmospheric long-wave irradiance A was calculated for the PIR and
CG4, respectively. Furthermore, the ratio ACG4/APIR and the difference ACG4 - APIR were determined.
APIR was calculated using the formula (1) given by Philipona et al. (1995) for the modified PIR
and ACG4 by means of the standard formula (2):

APIR =

U
(1 + k1σTb3 ) + k 2σTb4 − k 3σ (Td4 − Tb4 )
C

(1)

ACG 4 =

U
+ σTb4
C

(2)

with
A: Atmospheric long-wave irradiance; the index after “A” marks the instrument
U: Voltage of the thermopile
C: Sensitivity of the pyrgeometer
σ: Stefan-Boltzmann-Constant
T: Absolute temperature of the pyrgeometer
b: body
d: dome
k: correction factor
Table 1: Used pyrgeometers and measurement period
Instruments
PIR 30477 F3 and CG4 000520
PIR 30477 F3 and CG4 000517
PIR 32802 F3 and CG4 000517
PIR 32802 F2 and CG4 000517

Results
Figures 1 shows an example
for the night-time cloudless

Remarks
CG4 unshaded
CG4 unshaded
CG4 shaded
CG4 unshaded

Ratios CG4/PIR, July 2001, night-time, cloudless cases
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q

Because it is known from
earlier investigations that
direct solar radiation may
influence the measurements
of atmospheric long-wave
radiation by pyrgeometers
(Albrecht et al. 1974, Enz et
al. 1975) the data are divided
into four “classes” to get a
differential picture:
• Night-time and cloudless
• Night-time and cloudy
• Daytime and cloudless
• Daytime and cloudy
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Fig. 1: Ratios CG4/PIR, July 2001, night-time, cloudless
cases, Lindenberg 2001.
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Fig. 2: Ratios CG4/PIR, August 2001, daytime, cloudless
cases (2a) and cloudy cases (2b) respectively, Lindenberg
2001.
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The ratios between nighttime and daytime are clear
visible but not statistically
significant in the case of the
unshaded CG4 (2nd and 4th
part), which indicates the
influence of the short-wave
radiation of unshaded CG4.

1.04

9903

An overview of the yearly
course of the monthly mean
ratios CG4/PIR is given in
Figure 3. In the first part, the
comparison of two shaded
PIRs is shown as an example. There is no significant
difference between daytime
and night-time values visible.
As expected, the same result
we observe in the third part
of this picture, in the case of
a shaded CG4 and PIR.

Ratio of CG4/PIR, August 2001, daytime, cloudless cases

CG4/PIR

cases. In July the ratios
CG4/PIR of every single minute are within ±1 % which
corresponds ±3 W/m². The
same features were found in
other months as well as for
night-time cloudy cases.
During daytime we see a
different picture (Fig. 2a and
b). Figure 2a presents an
oscillation of the ratios
CG4/PIR between about
1.03 and 0.99 (corresponding about 9 and –2 W/m²) at
clear sky. This fluctuation is
induced by the daily course
of global radiation, mainly by
the share of direct radiation.
In the cloudy case (Fig. 2b)
we do not find such clear
course because clouds muffle the important direct radiation. The values are within
about 1.02 and 0.99.

Fig. 3
Further investigation have
shown a good correlation
Fig. 3: Monthly mean ratios CG4/PIR at night-time and
between the ratio CG4/PIR
daytime, periods where the CG4 was shaded and unand global radiation. Using
shaded are indicated respectively , Lindenberg 2001/2002
this relation in a linear regression the data of an unshaded CG4 may be easily improved as visible in Figure 4 (to
compare with Fig. 2a).

q

Conclusions
Ratio CG4/PIR, August 2001, daytime, cloudless
• During night-time and if
shaded both the PIR and
1.030
the CG4 are very close
together (< 1.5 W/m² or
1.020
< 0.5%)
• During daytime, if the
1.010
CG4 is not shaded, the
CG4_cor/PIR
difference is < 3.5 W/m²
1.000
or < 1.1%
• These figures match the
0.990
demands of 5 W/m² or
10% if the shaded PIR is
0.980
close to the truth
1
2501 5001 7501 10001 12501 15001
Fig. 4
• There is a small dependtime (Minutes)
ence on global radiation
Fig. 4: Ratios CG4/PIR, August 2001, daytime, cloudless
of the CG4 but it is poscases corrected by linear regression with global radiation,
sible to correct it by linear
Lindenberg 2001.
regression
• With the CG4 we have a second pyrgeometer that fulfils the high demands of BSRN
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The results of certification and experimental operation
of meteorological ground complex МА-6-3
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Faks: 6-44-53, E-mail: ckb@meteo.ru, Internet: ckb.nm.ru, ckb.narod.ru
Summary: the results of МА-6-3 certification and experimental operation are presented in this
paper. The meteorological ground complex МА-6-3 is destined for automatic measurements and
calculations of the basic meteorological parameters, formation of messages in an interactive regime
with meteoobserver participation and data transmission on standard channels by interface RS-232.
Certification tests hove been fixed, that complex МА-6-3 is conformed to WMO recommendations on accuracy of measurement and functions.
High reliability of complex, convenience in operation for service personal and possibility of replacement for handled instruments by automatic ones without infringement of long-term observing
series have been confirmed according to operation tests.
The meteorological ground complex
MA-6-3 (below-complex) is destined
for realization of standard meteorological observation on Roshydromet
network. The complex permits to improve labor conditions for meteoobservers, to obtain operative information
for forecast purposes, to create data
banks.
The complex contains sensors, analog-to-digital converters, computer,
and display and transmission units.
There are sensor set, remote meteorology unit БМВ, personal computer
IBM-type, stabilized power unit БПС
15В-0,25 А, meteorological mast
M-82 in complex. The removed meteorological upit БМВ is intended to
transfer output sensor signals in code.
This unit contains microcontoller MK,
analog-to-code converter ПАК and
analog-to-trequency converter ПАЧ,
power unit БП. The transfer of information from БМВ to personal computer is carried out on 4-wire cable.
The unit БМП is made in water-proof
case, welded from aluminum sheets,
and plаced on meteoomast (fig. 1)
Figure 1: Mounting of unit БМВ

Sensors:
As air temperatre and relative humidity sensor is used ИПТВ-056/M2-03 (w. Zelenograd, RF)
similar НMD 45 А/D (“Vaisala OY”)
As wind speed and wind direction sensor can be used sensor M-138 (“Hydrometpribor” Safonovo, Smolensraya reg.RF), or another sensor with frequency output and out put with Gray code.
As atmosphere pressure sensor is used sensor with low-frequency output Quarz-type (ZAO “Energogaspribor” Moscow, RF)
As presence and amount of liquid and hard precipitation is used sensor, developed in CKB GMP
w. Obninsk, RF)
As ground temperature sensor is used thermotransdusers ТСП 100 M-A (“Tesey”, Obninsk. RF)
Another sensors with analog and frequency outputs can be used in complex too.
The mast is intended for installation of sensors unit and БМВ.
Personal complex provides:
- reception of information from БМB with 1H7 frequency;
- calculation of physical parameters meanings;
- determination and indication of storm situations;
- estimation of average meanings of air temperature, air and relative humidity, ground temperature, atmosphere pressure on station and sea levels, amount and character of barometric tendency, average wind speed, average wind direction, maximum wind speed between times, amount
of precipitation for fixed time and for one day;
- definition of maximum and minimal temperature for day, minimum air temperature for
night, minimum ground temperature for night etc;
- representation of data on monitor screen in code FM 12-IX SYNOP, CLIMAT, КМ-21,
КМ-24;
- change of data on monitor every 10 sec.;
- visional presentation of meteorological processes evolution;
- insertion of parameters, observed visually or measured instrumentally (height of cloud
lower boundary, meteorological visibility range, phenomena in time and between terms and others);
- preparation of messages in code FM 12-IX SYNOP;
- transmission of message on telephone, satellite channels, E-mail;
- formations of data bank.
Operating conditions for complex МА-6-3 components:
Temperature, t°
Sensors and unit БМB
- 40 … 50
PC
- 10 … 40
The basic characteristics:
Meteoparameter
1. Absolute meaning of atmosphere
pressure, gPo
2. Wind speed V, m/see
3. Wind direction, grad
4. Air temperature, ˚С

Range
600 … 1100
0.8 ... 50
0 ... 360
- 40 … 50

Pelative humidity, %
98 (at 35 °)
80 (at 25 t°)
Aocuracy
± 0,3
± (0,5+0,05V)
±6
± 0,2

5. Ground temperature, ˚С (6 levels)
6. Relative humidity of air, %

- 40 … 50
10 … 100

± 0,2
± 5 at t° > -10 °С and (2 < 90 %)
± 7 at t°< -10 °С

7. Liquid precipitation Хж, mm
(total amount for measuring interval)

1 … 100

± (0,5+0,05Хж)

Check-up of complex is carried once year in accordance with methodology, confirmed by
Russion Gosstandaart.
Unit БМВ : dimensions, mm, ……………………………………..…….
weight , kg, …..………...………….………………………
Main power supply: Uin.nom, V ……………………………………….
Uin, V ….………………….………………………
F, Hz ……………………..………………………..
P, W (not more) ...………………………………..
Average time to breakage hours (not less) ……….……………………..
Average service life, years (not less) …………………….………………

Figure2 – Complex examination
On meteostation Semenkovo (Vologda)

320 х 300 х 230
7,0
220
140 – 265
49-51
12
8000.
10.

One of complex is being operated since 1999
in meteostation Balchyg Moscow. Data, synchronously obtained by complex and handled
instruments, have been compared during
experimental operation. Data analysis demonstrated,
that utilization of complex provides conservation of
long-term observing series and the complex itself is
satisfied on accuracy requirements and service simplicity.
Smooth operation period is more than 15 000
hours in continuous regime without breaks. Meteodata from complex are transmitted hourly in
Mosmeteoburean for operative aims by telephone.
Simultaneously experimental data transmission has
been realized by satellite systeme Meteosat.
Positive results of complex experimental
operation have resulted in state certification in 2001
year. The complex MA-6-3 has been included in
state register of measuring means (№ 21402-01) and
can be used in Russion Federation.
Complex examination is being continued in
2001 year on meteorological stations Semenkovo
(Vologda) and Velikiy Ustug (fig.2)

Data comparison was the examination aim, as earlier.
Preliminary data processing demonstrates good similarity between automatic and handled
measurements (the error of temperature measurement on spirit thermometer is 0,5 °С, the error of
atmosphere pressure measurements on mercury barometer is 0,67 gPa).
Diagrams of similarity are shown on figure 3:
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Introduction
The Portable Weather Information Display System (PWIDS) is a lightweight
mobile surface atmospheric measurement station, which was developed to support
field tests at the U.S. Army’s Dugway Proving Ground (DPG). PWIDS is a hardware/software system that collects, processes, and displays meteorological parameters from an array of remote, portable sensing stations. It’s primary function is to
provide test directors with real-time meteorological observations to assist in their
“go/no-go” test decisions and in post-test forensic analyses of test results. PWIDS
has also been used in climatological studies where real-time data collection was not
critical.
In its most common configuration, PWIDS collects wind speed, wind direction,
temperature, and relative humidity measurements at 1-s intervals. It then averages
these data over a 10-s period and outputs the averages to a data collection computer
via a spread-spectrum radio link. Up to 40 PWIDS stations can be deployed over an
area in excess of 1000 km2. PWIDS is highly configurable and utilizes solar power
and radio frequency communication, which eliminate the need for any hardwired
connections. Although measurements can be made at various heights, the sensors
are normally mounted at the top of a 2-m mast. Because of the adaptive nature of
PWIDS software, data collection and averaging rates can be modified to fit specific
needs.

Hardware
The PWIDS hardware configuration was designed by the Dugway Meteorology
Division. Most of the hardware comprising PWIDS is manufactured by Campbell
Scientific, Inc. in Logan, Utah. This hardware consists of a CR10, 21X, or 23X datalogger; SC32A interface; PS12LA power supply/regulator; CS500 temperature/

relative humidity probe; CM10 tripod; and ENC 12/14 enclosure. Figure-1 illustrates
a typical PWIDS installation.
The wind sensing is accomplished using an R.M. Young 05103 wind monitor
or an R.M. Young 81000 sonic anemometer. A FreeWave spread spectrum radio
operating at 902 – 928 MHz provides the communications link. For long-term climatological studies, an SM16M storage module manufactured by Campbell Scientific,
Inc. normally is utilized in place of the radio link.
Several PWIDS programs were written to control the CR10, 21X, or 23X dataloggers. These programs configure the output stream, sample rates, and averaging
and output rates. The programs also activate installed sensors and convert collected
data to desired units of measure. The variation in hardware configuration determines
which program is loaded into the datalogger.
PWIDS is highly adaptable. The meteorological sensors can be mounted on
tripods or towers; sampling and output rates can range from 10 Hz to several minutes; data collection can be accomplished via radio link, direct connection, or storage
module; and wind sensor configuration can vary from mechanical wind sensor to
sonic anemometers. The hardware configurations are predetermined based on requirements or results desired. Figure-2 shows a modified PWIDS configuration on a
traffic light/street light pole in an urban area.

Figure 1 – Normal Installation

Figure 2 – Modified Installation

Software
The PWIDS software also was developed by the Dugway Meteorology Division. This software consists of an ingest program, display program, and data manipulation utilities. Both the ingest and display programs are written under a Microsoft Windows platform in the Practical Export and Report Language (PERL), which
enables their use under a variety of operating systems (e.g. – Linux, Unix, etc.) with
only minor alteration.
The PWIDS ingest program: 1) reads incoming data, 2) averages high frequency observations as specified by the user, and 3) archives the averaged data.
Whether the PWIDS is hardwired or radioed, the application continuously reads
ASCII data that are sent via the serial port from the PWIDS station. All incoming data
are saved in a flat file, and these data are averaged to 1-min increments for display
purposes. The averaged data also are archived into a local database, which is generally used for input to a dispersion model. The flat files can be shared across a network for input into multiple PWIDS displays.
The PWIDS display is a Graphical User Interface (GUI) that can provide a variety of displays. The observed 1-min averaged wind vectors are plotted at each
PWIDS site on an area map, allowing users to look at 2-D wind fields in real time.
The user can choose to display a numeric table of current weather conditions (e.g. –
wind, temperature, relative humidity, etc.). A table of statistical PWIDS data for the
last 30-min can also be displayed at the user’s request. All displays are synchronized to maintain continuity between the forecast office and the field displays. Figure-3 illustrates a typical PWIDS display.
Vapor/aerosol cloud trajectory algorithms are available in the PWIDS software
and can be used to display historical or real-time trajectories. The trajectory calculations use the momentum equation to advect the air parcel. No terrain effects are included in the trajectory calculations other than those implicit in the 2-m wind measurements. The historical trajectory is a plotted line of surface parcel path from a position defined by the user using historical PWIDS data. The user defines the location
by moving the cursor to a point on the map and then clicking the mouse button. The
cursor over the map displays high- resolution geographic information in both terrestrial and Universal Transverse Mercator (UTM) coordinates. The user determines the
time length of the trajectory. The real-time trajectory is similar to the historical trajectory, but the parcel trajectory is only updated by real-time data. Up to 10 trajectories
can be displayed simultaneously. Multiple trajectories allow the user to simulate a
line source. The user can also display a table of each parcel’s location and wind information along its computed trajectory. Questionable wind observations can be
flagged by the user and not used in any of the trajectory calculations.

Figure 3 – Typical PWIDS Display Screen

PWIDS data must be manipulated upon completion of a test program to make
the data usable for historical purposes. As noted above, a large flat ASCII file is created during the data collection process, with data from all PWIDS stations placed in
one common file. This file must be divided into individual station files, subjected to
quality control, processed, and archived. Again, the Meteorology Division at Dugway
has written several utility programs to handle this data manipulation.
Summary
One of the unique features of PWIDS is the fast data retrieval process that is
inherent with the system. While most meteorological data collection platforms poll
remote stations for data, PWIDS allows individual stations to transmit their data at
predetermined intervals. The lack of “communication handshaking” allows larger volumes of data at much faster rates.
PWIDS has become an integral part of the test mission at the Dugway Proving
Ground. Often, 50 of these stations are simultaneously collecting data for several
test programs. Their proven reliability provides meteorologists and modelers with
real-time data for quick and accurate forecasting.

ADVANCES IN AUTOMATIC COLLECTION OF SURFACE METEOROLOGICAL DATA IN
INDIA
by
R.D. Vashistha, R. P. Mishra and S.K. Dikshit
Meteorological Office, Pune-411 005, INDIA.
Tel:. (91) (020 5535411 Telefax: (91) (020) 5533201 e-mail: ramdhanv@hotmail.com
INTRODUCTION:
In modern age there is increasing demand for Automatic Weather Stations throughout the world. In India
one hundred land based DCP’s were installed during the year 1984-85 by India Meteorological Department in remote
inaccessible locations. Various meteorological parameters such as dry bulb temperature, wet bulb temperature, wind
speed, wind direction, barometric pressure, rainfall etc were collected from these Automatic Weather stations
automatically and were compared and analysed systematically with co-located surface observatories data. After 15
years operation it was felt that old DCP's might be replaced by state of art AWS systems due to various problems
associated with old DCP's. During 1997-1998 11 such new generation AWS were installed in India and data received
was analysed and results were encouraging. Mean, Median, Mode, Standard Deviation, Variance, Regression line,
Correlation Coefficient, Kurtosis were calculated between AWS and co-located surface observatory data.
INSAT-AWS System Configuration:
A typical INSAT-AWS system configuration has been depicted in fig.1. The main components of an AWS
system consists of field unit, space segment and data receiving, processing and dissemination unit. The field unit
mainly includes sensors, Signal Conditioning Unit, digital system, transmitter and antenna unit. The field unit is
housed in a weatherproof housing. The field site measure is 5meter x 5meter and fenced for ensuring safety. The
space segment consists of UHF receiving antenna for 402.75 MHz, down converter (402.75 MHz to 28 MHz), filter,
amplifier and transmitting antenna. Receiving station consists of antenna, low noise amplifier, down converter, BPSK
demodulator and data processing computer

Fig.1.

AWS takes environmental observations automatically at full hour U.T.C., stores data in the memory and transmits to
the satellite at uplink frequency of 402.75 MHz. The satellite upconverts RF signals and transmits back to the central
receiving station at down link frequency of 4504.2 MHz. The received data is processed converted in WMO format
and disseminated to different users on a dedicated landline through satellite link.
The state of the art AWS system is micro-controller based and has several features such as averaging facility for
wind speed and wind direction, of required duration lightweight, requiring only one battery of 12V. It can be
configured for an up link frequency ranging from 402.65 MHz to 402.85 MHz at the interval of 750 Hz. With the help
of PCMCIA Card AWS data can be retrieved by pressing RAM CARD command on the screen display of AWS
system. Data can be downloaded to PC from PCMCIA Card by using RS-232 Port of AWS system. The new system
uses crossed Yagi antenna, which is field selectable for use in both left-hand polarisation as well as right hand
polarisation modes. The six months hourly data can be stored in the memory and can be read on front panel display.
Mode of Transmission
The INSAT-AWS employs Pseudo Random Bursts Sequence (PRBS) mode of data transmission. The AWS
(100 Nos.) are divided into 6 groups with each AWS group allotted a 10 minute transmission window i.e. 0-10 min,
10-20 min, 20-30 min, 30-40 min, 40-50 min and 50-60 min, starting from full hour U.T.C. There is no transmission
during the first minute of the 10 minutes window. The remaining 9 minutes are divided into 3 time slots of 3 minutes
each. Every AWS transmits the data in 87.9 millisecond bursts three times once during each time slot of 3 minutes. If
the total no of AWS are divided into M AWS, with each AWS transmitting once in each of successive time slots of
width T, then in total observational window of time duration 'W', duration of data transmission 't', the probability 'Pt'
of a transmission failure due to collision or interference is given by:
Pt = [1-(1-t/T)M-1]K [1-(1-t/T)M-1](W-KT)/T
For INSAT-AWS, t=87.9 ms, T=180 seconds, K=3(K is the integral part of W/T), W=10 minutes. From this
the over all probability of data reception is better than 95%.
DATA USED: The 3 U.T.C. and 12 U.T.C. data of dry bulb temperature and station level pressure from Pune,
Pashan, Goa, Karaikal and Chennai AWS were retrieved on PCMCIA Card and brought to Pune AWS unit were
analysed and mean, median, standard deviation, variance and kurtosis were calculated.
RESULTS AND DISCUSSION
GOA
Fig.2(A) Shows standard deviation versus months from Jan.99 to Oct. 99 for Goa AWS station. In case of
dry bulb temperature the standard deviation is 0.4 which is very close to WMO accuracy limits. In case of station
level pressure of Goa AWS station standard deviation is 0.4 which is very close to WMO accuracy limits. In case of 3
U.T.C. dry bulb temperature of Goa AWS station the standard deviation lies between 0.3 to 0.6 and for 12 U.T.C. lies
between 0.2 to 0.8. In case of 3 U.T.C. station level pressure of Goa AWS station standard deviation lies between
0.25 to 0.7 and for 12 U.T.C. lies between 0.2 to 0.6.as shown in the fig. 2(b)
Kurtosis refers to the degree of flatness or peakedness in the region about mode of a frequency curve. The
degree of kurtosis of a distribution is measured relative to the peakedness of normal curve. In other words ,measure of
kurtosis tells us extent to which a distribution is more peakedness or flat topped than the normal curve. The value of
kurtosis for normal curve is 3.0.
Kurtosis of Dry bulb temperature of Goa station of 3 U.T.C. and 12 U.T.C. for a period from JAN. 99 to Oct.99
was calculated. The maximum value of kurtosis is 8.2 for 3 U.T.C. and 12.1 for 12 U.T.C.and minimum value is –0.4
for 3 U.T.C.and –1.1 for 12 U.T.C.. The maximum value of kurtosis for station level pressure of Goa AWS station is
4.0 for 3 U.T.C. and 6.0 for 12 U.T.C.. The minimum value of kurtosis is –1.0 for 3 U.T.C. and –0.2 for 12 U.T.C.
KARAIKAL
In case of 3 U.T.C. dry bulb temperature of Karaikal AWS station the standard deviation lies between 0.1 to
0.3 as shown in the fig. 3(A) and for 12 U.T.C. lies between 0.1 to 0.4 °C. In case of 3 U.T.C. station level pressure

of Karaikal AWS station the standard deviation lies between 0.2 to 0.7 and for 12 U.T.C. lies between 0.6 to 1.0 as
shown in the fig. 3(B). The maximum value of kurtosis of dry bulb temperature for Karaikal AWS station is 2.0 for 3
U.T.C. and 9.0 for 12 U.T.C..The minimum value is 0.0 for 3 U.T.C. and –0.2 for 12 U.T.C. The maximum value of
kurtosis for station level pressure for 3 U.T.C. is 3.0 and for 12 U.T.C. is 4.0.The minimum value of kurtosis is –0.2
for 3 U.T.C. and –2.0 for 12 U.T.C.
CHENNAI
In case of 3 U.T.C. dry bulb temperature of Chennai AWS station the standard deviation lies between 0.3 to 0.6
as shown in the fig. and for 12 U.T.C. lies between 0.2 to 0.5 as shown in the fig 4(A). In case of 3 U.T.C. station
level pressure of Chennai AWS station the standard deviation lies between 0.2 to 0.3 as shown in the fig.4(B).
PASHAN
Pashan 3 U.T.C. dry bulb temperature data and surface data were analysed for a period of one year from April
99 to March 2000 and correlation coefficient was calculated. It was found that a very high correlation coefficient of
0.987 was found as shown in the fig (5).
LIKELY SOURCES OF DEVIATION
1.
2.
3.

AWS and surface observations are not taken exactly at the same time. Observers usually take surface
observations 10 minutes before full hour U.T.C.
Air temperature may be affected due to opening of Stevenson screen.
AWS weather parameters measured may be erroneous due to aging of sensors.

CONCLUSION:
It is seen that the distributions are nearly normal as could be expected for series of differences of data
with random causes. The values of statistical parameters for series of differences are within the WMO accuracy
limits for automatic weather stations. Linear regression results between automatic weather station and surface data
series also shows a very strong correlation coefficient trend nearly equal to 1.
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AUTOMATION OF VISUAL OBSERVATIONS AT KNMI; COMPARISON OF AUTOMATED CLOUD,
VISIBILITY AND WEATHER REPORTS WITH ROUTINE VISUAL OBSERVATIONS

Wiel M.F. Wauben,
Instrumental Dept., Royal Netherlands Meteorological Institute (KNMI), P.O. Box 201, 3730 AE De Bilt, The
Netherlands Tel. +31-30-2206-482, Fax +31-30-2210 407, e-mail: Wiel.Wauben@knmi.nl

1. INTRODUCTION
The observations of the traditional parameters as wind, temperature, and precipitation amount are
performed fully automatic by KNMI for more than a decade. Observers enter the so-called visual
observations of visibility, clouds, and present weather manually at designated stations. KNMI works on the
automation of these visual observations. Presently KNMI operates three fully automated stations that make
hourly synoptic reports including the visual observations. One automated station is a new visual station and
forms an extension of the operational network. The other 2 stations are existing manned stations that make
in addition to the operational manual report a fully automated report for internal use only. The results of these
stations are used for testing and optimising the automated system. Furthermore, sensor measurements for
several other stations are processed off-line and compared with routine visual observations. This paper gives
an evaluation of the performance of the automated system.
2. AUTOMATED VISUAL OBSERVATIONS
The automated reports are generated centrally in De Bilt. For that purpose the sensor readings, which
are stored locally at automatic weather stations in a 10-minute database (ceilometer data is stored in a 1minute database), are acquired by the central system every hour. The automation of visual observations
necessitated the introduction of 2 new sensors at KNMI, the Vaisala Impulsphysik LD40 ceilometer and the
Vaisala FD12P present weather sensor (PWS). Details of the ceilometer algorithm and a comparison of
automated cloud reports with observations are presented in (Wauben, 2002b).
The present weather sensor measures visibility, precipitation amount and type. KNMI uses the
measured 10-minute average visibility (more precisely the so-called meteorological optical range) directly in
the synoptic report. The measurements of visibility, precipitation type and amount of the present weather
sensor are used in combination with measurements from other sensors such as rain gauge, anemometer,
ceilometer, temperature sensor and a lightning detection system, to generate nearly all WMO synoptic
weather codes for automated stations (Wauben, 2001). The manned and automated weather codes differ
and cannot easily be compared. Therefore, the comparison is performed on precipitation type, which is
readily available from the present weather sensor and is derived from routine hourly SYNOP reports made
by observers. The results of this comparison will be presented here. More details are given in Wauben
(2002a). A brief comparison of visibility and clouds will also be considered in this paper.
3. COMPARISON OF VISIBILITY
Reporting practices of visibility for observer and sensor differ largely. The observer is generally situated
in a building at a height of about 15m and reports the lowest observed visibility in any direction with the help
of visibility markers (buildings etc. during daylight and lamps at night) at a know distance. The sensor
performs the measurements in a small sample of air at a height of about 1.5m and reports the 10-minute
averaged value at the hour. As a result of these practices large differences sometimes occur between
observed and sensor visibility values. The data obtained at De Bilt in 2000 contains situations were the
observer reports fog that did not reach the sensor as well as situations at night where the observer did not
detect the fog present at the observation field unlike the sensor.
Table 1 shows a contingency matrix for the visibility reports at De Bilt in 2000 for some selected
intervals. The total number of hours in 2000 is 8784, but 215 hours are missing due to the unavailability of
sensor data as a result of maintenance to the sensor or the acquisition system. The sensor gives generally
lower visibility values than the observer. Large differences sometimes occur as mentioned above. For a
specific event such as fog (visibility below 1km) scores can be determined. The “Hit” and “None” areas for
fog are shaded in Table 1. The fog cases of De Bilt 2000 have a probability of detection (POD) of 84%, the
false alarm rate (FAR) is 53%, and the critical success index (CSI) is 43%. The bias is 1.8, i.e. the sensor
reporting more hours with fog than the observer. The rather poor score of fog is mainly caused by situations
with visibility values near the 1km boundary. For the Schiphol airport the corresponding scores for fog
detection are POD=99%, FAR=40%, CSI=59% and BIAS=1.65. The POD is thus significantly larger at
Schiphol compared to De Bilt, but the FAR is also larger leading to only a small increase in the CSI. The bias
is also large at Schiphol.

Table 1. Contingency matrix of observed and measured visibility at De Bilt in 2000.
OBS

PWS
NA

<100m <200m <500m

<1km

<2km

<10km <20km ≥20km

<5km

all

NA

0

<100m

1

<200m

1

5

<500m
<1km

1

<2km

5

<5km

49

<10km
<20km

17

6

1

29

6

6

5

2

19

3

14

13

3

33

6

11

27

22

4

70

2

4

19

138

52

1

9

21

21

93

822

251

18

44

4

5

9

19

200

1245

352

21

1855

46

2

5

13

15

56

396

1630

448

2565

6

1

2

15

60

585

1876

2545

49

78

108

295

1149

1953

2585

2346

8784

≥20km

68

all

215

1

6

1

217
1236

4. COMPARISON OF PRECIPITATION TYPE
The sensor reports of precipitation type undergo some processing before being used in the automated
system. First, a 10-minute value is calculated from the raw values. This is basically a determination of the
‘maximum’, i.e. the most important precipitation type according to the WMO weather code. The only
exceptions being the mixtures of snow & rain and rain & drizzle. The second processing step performs a
correction of the precipitation type. This correction includes the verification of whether the liquid precipitation
is freezing or not using the wet bulb temperature derived from the operational ambient air temperature
sensor. In addition, the sensor reports of snow and ice pellets are set to unknown precipitation in situations
with the wet bulb temperature below 1°C and precipitation intensity below 0.05mm/h. The above corrections
are needed in The Netherlands as was shown by analyses of 2 years of sensor data from several stations
with corresponding manual observations.
Table 3. Contingency matrix of observed and measured actual precipitation type at De Bilt in 2000.
OBS
NA
Clear
Unknown
Drizzle
Freezing drizzle
Rain & drizzle
Rain
Freezing rain
Rain & snow
Snow
Ice pellets
Snow grains
Ice crystals
Snow pellets
Hail
all

NA

C

P

175 6746
6
1
26

L

LR

R

ZL

29

120

29

154

190
12
196

6
2
15

107
50
143

17
15
121

33
48
461

6

3
1

1

1

PWS
ZR LRS

2

S

IP
4

1

SG

IC

SP

A

all

2

1

1

8
1
209 7159

1
1

1
57

421

29

9

1

1

35

10

1
3

3
184

699

2

2

0

6

0

0

0

0
7261
0
359
128
964
0
1
5
49
0
4
0
12
1
8784

Table 3 shows a contingency matrix for the precipitation type at De Bilt in 2000. The reported PWS value
is the corrected ‘maximum’ measured value in the 10-minutes before each hour. All reports of the sensor
with intensity larger than 0 mm/hr are treated as situations with some kind of precipitation. The observed
precipitation type at the time of observation is derived from the reported weather code. The overall matrix
can be considered as 2-by-2 matrix for different situations, e.g. the detection of precipitation, or any of the
basic types liquid, freezing, solid. For each of these cases the scores are calculated and given in Table 4.
Since most of the situations with precipitation are cases with liquid precipitation, the scores for these 2 cases
are almost the same. In about 1000 cases the observer and sensor agree that liquid precipitation occurred.
In about 400 cases the observer reported liquid precipitation but the PWS reported no precipitation, and in
330 cases the opposite occurred. A small bias exists with the sensor giving less precipitation reports. The
scores for freezing precipitation should be considered with care since only 1 (or 4) cases of freezing

precipitation occurred at De Bilt in 2000 according to the observer (or sensor). The detection of solid
precipitation is worse than for liquid precipitation. Also a bias can be seen with the sensor reporting fewer
cases. In 44 cases observer and sensor agree on solid precipitation. 6 out of 7 ‘false’ reports by the sensor
correspond with the observer reporting no precipitation at all. On the other hand, in 15 of the 26 cases where
the sensor ‘missed’ solid precipitation the sensor does not detect any precipitation, whereas in 11 cases
liquid instead of solid precipitation is reported.
Table 4. Scores for several precipitation types for De Bilt 2000.
Type
POD
FAR
CSI
BIAS
Precipitation 72%
24%
59%
0.95
Liquid
72%
25%
58%
0.96
Freezing
100% 75%
25%
4.00
Solid
63%
14%
57%
0.73
More detailed analysis showed that the sensor mainly misses solid precipitation within the temperature
range of 0 to 4°C. Solid precipitation in the Netherlands often occurs around freezing temperatures and
contains a mixture of solid and liquid precipitation. KNMI, therefore, is interested in improving the
precipitation type determination of the PWS under these conditions. Currently, KNMI co-operates with
Vaisala on this problem.
5. COMPARISON OF CLOUD AMOUNT AND HEIGHT
Table 5 shows a comparison of observed and automated hourly, total cloud cover reports at De Bilt in
2000. The table shows that the reports of the observer and the automated system agree within 0, 1 and 2
octa for respectively 41, 75 and 86% of the time. The table also shows that for 6% of the time differences in
total cloud cover are more than 4 octa. The sensor reports more case with 0 and 8 octa since the observer
can more often spot a small amount of cloud or an opening in the cloud deck than the sensor. The sensor
reports much less cases of 7 octa than the observer, whereas the number 1 octa events is nearly the same.
The average of the difference in total cloud cover between sensor and observer <nsen-nobs>=–0.1, i.e. the
observer giving overall slightly more cloud cover. The average of the difference in absolute values is
<abs(nsen-nobs)>=1.2. The differences are largest for observed total cloud cover values of 3 to 6 octa,
where the standard deviation of the sensor results is almost 3 octa. The differences are caused by a lack of
spatial representativeness of the ceilometer measurements of the last 30-minutes and also due to the limited
vertical range of the ceilometer under some conditions. Making a selection for situations with all observed
clouds below 15,000ft largely reduces the numbers in the lower left part of the table. The fraction of cloud
reports on the diagonal or within 1 or 2 octa is now 59, 89 and 94%, respectively, <nsen-nobs>=0.3 and
<abs(nsen-nobs)>=0.6 and the standard deviation of the sensor values is for all observed total cloud cover
values at most about 2 octa.
Table 5. Comparison of observed and automated total cloud cover at De Bilt in 2000.
OBS
NA
0
1
2
3
4
5
6
7
8
9
all

NA
4
7
9
10
8
18
20
76
70
2
224

Band 0: 41%;

1

197
445
141
90
30
56
64
89
3

95
264
135
82
38
51
70
92
13

3
41
46
41
20
23
30
35
12

3
25
33
36
28
26
29
30
12

1115

840

251

222

Band 1: 75%;

2

Sensor
4
5

0

3

18
23
35
28
27
39
49
12
1
232

6

7

1
12
23
32
36
41
55
55
17

2
19
15
28
32
47
64
84
35

4
8
15
61
47
103
173
317
116

272

326

844

8
2
5
6
15
19
73
270
1539
2460
6
4395

9

all
4
5
1
2
1
2
5
24
19
63

0
315
849
446
431
288
466
816
2371
2774
28
8784

Band 2: 86%

Table 6 shows the comparison of observed and measured cloud base height for De Bilt 2000. The table
shows the occurrences of heights in the WMO cloud base height classes. The agreement is generally good.
The column including clouds above 2500m and n=0 is contaminated by the cases where the sensor did not
detect a cloud and the observer did. The sensor reports more cases with clouds below 50 meters. Most of
these seem to be situations where the sensor has a low cloud hit due to fog, although the not all criteria for
the sky obscured are met, and the observer, situated above the fog layer, reports higher or no clouds. A
small number of these events could be the result of the sensor reporting precipitation as a cloud base. Table
6 also shows cases where the observer reports a lower cloud base than the sensor, simply because the

reported cloud base did not pass over the sensor, but the reverse also occurs. There is no obvious bias
between observer and sensor. The averaged differences <hsen-hobs>=0.1 and <abs(hsen-hobs)>=0.6 and
the standard deviation per observed height interval is typically 1 to 1.5 class, with only for heights below 50m
a standard deviation of 3 height classes.
Table 6. Comparison of observed and sensor cloud base at De Bilt in 2000.

NA/n=9
21
<50m
22
<100m
14
<200m
6
<300m
10
<600m
61
<1000m
80
<1500m
21
<2000m
17
<2500m
4
> or n=0
31
all
287
Band 0: 66%;

6
21
1
38
87
5
80
2
6
9
1
9
2
3
6
4
39
1
142
178
Band 1: 87%;

> or n=0

<2500m

<2000m

<1500m

<1000m

<600m

<300m

<200m

<100m

<50m

OBS

NA/n=9

Sensor

1
1
13
401
194
32
6
2
1

1
34
437
190
21
3
5
2
2
3
652
696
Band 2: 92%

1
8
69
1061
267
12
14
2
11
1445

3
15
175
1161
134
13
1
22
1524

3
4
41
262
606
90
6
20
1032

5
23
79
83
238
9
17
455

2
1
12
33
23
49
63
32
215

4
3
7
8
48
243
137
101
37
1570
2158

all

28
49
157
549
751
1653
2163
1024
534
128
1748
8784

6. CONCLUSIONS AND OUTLOOK
The comparison of automated observations with visual observations shows differences that could be
expected in view of the differences in observing practices. The sensors lack the spatial information, although
‘averaging’ over time gives a reasonable agreement with the visual observations. Experience at KNMI shows
that the meteorologist can generally deal with these differences and interpret the automatic reports correctly.
The additional information that is contained in the continuous supply of sensor data is currently not used at
KNMI. Within the new meteorological observations network in the Netherlands (cf. Kuik and Haig, 2002), that
is expected to become operational in the end of 2002, meteorological data from all meteorological stations
will be available at the central site in De Bilt every 10-minutes.
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Abstract
The Met Office has developed an automatic meteorological observing system known
as SAMOS. When no observers are available, SAMOS is required to output values
of total cloud cover.
At the moment this is derived from Laser Cloud Base
Recorder (LCBR) data with a method known as the Exponential Decay Algorithm.
This is similar to the more widely used SMHI "Larsson" algorithm.
The LCBRs used have been the Belfort 7013C and the recently introduced Vaisala
CT25K.
Early generations of LCBR suffered from problems during precipitation
which degrades the cloud cover output, but whatever the quality of LCBR used,
this method of determining cloud cover has limits. For example, it can only use
the cloud information that has passed through its single measurement point.
This makes it necessary to consider the introduction of other methods of
measuring of cloud cover.
However, these should not be seen as stand-alone
systems but an additional input to a supervisory ‘‘cloud arbiter’’ software
module which will be capable of improving the output.
The arbiter concept is
already in use in SAMOS - It is used to increase the quality of "Present
Weather" output. Most complex instruments have features in their operation that
have been well-established in trials and these can be improved by an arbiter.
For example, if an instrument is known to give false alarms at low visibility
and low temperatures - the arbiter can filter out the false alarms since it can
monitor both these parameters.
The work below describes an additional method of measuring cloud cover using
downwelling infrared radiation from a pyrgeometer. This paper will be presented
as a poster at TECO 2002.

Description of the data
The data from Camborne Principal Radiation Station (PRS) data was analysed for
2000. (Camborne is in Cornwall, Lat=50.133 degrees, Long=-5.100 degrees). For
each hour the figure used is the average from minutes 51 to 60, which was
thought to give the best correspondence to the human observer looking at the sky
at observation time.
These were merged into an Excel spreadsheet with full
human observations using a template and a macro.
The PRS has two pyrgeometers - labelled one and two - both are Eppley Precision
Infrared Radiometers.
The raw data used was uncorrected irradiance from
pyrgeometer two in Wm-2, referred to as downwelling long wave (dwlw).

Analysis
Processing initially followed that suggested in the ‘‘Clear Sky Index’’ method
(Marty 2000).
This is based on detailed physics and modelling.
However, it
quickly became clear the equation used was not removing all the baseline
variation of the signal. This may be because Marty uses data from Swiss sites
at relatively high altitude.
It is suggested that the lower altitude and
frequent changes in air mass at Camborne have a large effect.
Since the first attempt at processing was not successful, other investigations
were made. Figure 1 shows a simple plot of the dwlw data against time for the
whole year, two features are immediately clear. Firstly, there is a broad band
of high frequency variability that should to be related to the amount of cloud.
Secondly, there is a longer-term variability that is approximately seasonal.
Tests were therefore carried out to determine if the baseline could be made flat
and how well the short-term variability is correlated with cloud cover.

Figure 1 - Camborne 2000 - 10 minute dwlw average
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Following Marty, the first parameters checked were screen temperature and
dewpoint.
This quickly revealed that the dwlw signal seasonality could be
largely removed with a simple correction for dewpoint.
This method is
comparatively crude but it does seem to give results of sufficient quality.
To demonstrate the relationship between dwlw and dewpoint Figure 2 was plotted.
It shows dwlw against dewpoint for observations of 0&1 and 7&8 oktas of cloud clear and overcast occasions as reported by the human observer. There is a good
relationship, but there may be some non-linearity. It appears that there may be
a ‘‘knuckle’’ at around 5 C dewpoint with linear sections above and below,
although this may not be entirely clear due to the small size of figure 2. It
doesn’t quite look like a curve.
The correction used applies 2 straight-line
fits, one above and one below a 5C dewpoint.
Figure 2 - dwlw as function of dewpoint
values selected of observed 0+1 oktas and 7+8 oktas
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The corrections were applied to the full timeseries and the results are shown in
figure 3 - the seasonal signal is no longer visible. This is a good result; it
seems easy to remove the first problem with the data by using the dewpoint - a
readily available measurement.

Figure 3 - dwlw averages corrected by dewpoint
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Figure 4 shows the range of values of adjusted dwlw that were measured for
occasions of 0 and 8 oktas. There are now clear groups of values of adjusted
down welling long wave (adwlw) that show little sign of correlation with
dewpoint.
Figure 4 - adjusted dwlw as function of dewpoint
values selected for observed 0 and 8 oktas only
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There is still some scatter in the results. Investigations were carried out to
find any further correlations that might be used to sharpen the relationship.
Correlations were sought with air temperature, wind speed and direction (for air
mass), pressure, visibility, cloud height and if the sensor was wet
(present
weather). None of these tests gave a clear improvement and the results are not
presented.
For the time being a degree of scatter will have to be accepted.
However, the cases that showed a large "error" during overcast conditions were
plotted against time of day. This made it clear that most of the worst cases
occurred in darkness.
This may be a problem with the sensing method, but is
just as likely to reflect the problems that the observers suffer in darkness.
Using adwlw it is possible to identify clear and overcast conditions reliably.
However there is more uncertainty when there are intermediate amounts of cloud.
Radiometer signal level and variability may be used to identify cloud type
(Duchon 1999). Although type identification is not attempted, it does suggest

another parameter to examine for cloud cover information.
The standard
deviations (SD) for each preceding hour were used. Theoretically, most of the 0
and 8 okta reports will have very low SD since the signal should not vary much.
Other amounts of cloud cover should have more variability. A further plot figure 5 - shows the total number of occasions in each category of SD for 0&1,
8&9 and 2-7 oktas.
This shows well that for the lowest SD it is most likely
that there will be 0&1 or 8&9 oktas, for SD level 2 and above it is much more
likely that there will be 2-7 oktas.
Figure 5 - 1 hour sd frequency split as 0+1 oktas, 8+9 oktas and remainder
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Discussion and Conclusions
It is shown that Infrared radiometer signal level and variability, corrected by
screen dewpoint can give useful information on total cloud cover.
The
information is most reliable at high and low oktas of cloud cover, but this is
aimed at improving the overall cloud cover.
The choice of the "best"
measurement will be carried out by "arbiter" software. As long as the arbiter
can weight the measurements appropriately, there should be an improvement in
output quality.
The next phases of the work will involve processing data for other years and at
another site to check wider applicability.
(Preliminary results seem
promising). For the cloud arbiter to improve results, two sensing methods with
complimentary strengths and weaknesses are required.
At the time of writing
this is untested but some preliminary results may be available in the Poster.
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Comparison 1 - MTWAPA
DIFFERENCES BETWEEN AWS AND MANNED OBSERVATIONS AT MTWAPA
FOR 1998 AND 1999.
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DIFFERENCES BETWEEN AWS AND MANNED OBSERVATIONS FOR KIBOS
1998 AND 1999
40
30

10

MIN
RAIN
9
17

2
17

5
16

8
15

1
15

0
13

3
12

8

5
11

10

1
10

94

87

78

39

32

16

0
36

3
35

9

6
34

-10

33

2

0
33

DIFFERENC E

20

-20
KIBOS

-30
JULIAN DAYS

MEAN
STD DEV

DIFERRENCES
MIN
RAIN
8.27
-0.53
2.50
3.90

Conclusions
 The

three automatic weather stations proved to be
consistent in the measurements and transmissions.
The data compared well with that of the co-located
manned stations.
 For Kibos and Mtwapa the minimum temperature
and daily rainfall problems can be addressed.
 More stations can be deployed after some similar
tests.

PRESENT AWS
STATION

WMONo. EUMETSATNo. TRANSMISSION DATA

REMARKS

1. Kiboko (Voi)
2. Dagoretti
3. Embu
4. Mtwapa
5. Kisii
6. Njoro
7. Thika
8. Msabaha
9. D/Mt Kenya
10. Katumani
11. Kitale
12. Kibos
13. Kakamega
14. Naivasha

63793
63741
63720
63797
63709
63713
63719
63798
63718
63745
63661
63711
63687
63715

Min. temp. higher
STOPPED
Min. temp. higher
Min. temp. higher
OFF- AIR

160281A8
1672A2E8
16B6A3B6
16F9D068
264274AE
2640E438
2673F630
26CA422A
324837FA
361D141C
367D30C2
36D86128
36DC5188
36DE0400

OK
NIL
OK
OK
NIL

OK
NIL
OK
OK
NIL
STOPPED15/8/01 NIL
OK
OK
OK
OK
NIL
NIL
OK
OK
OK
NIL
OK
No winds
NIL
NIL
OK
NIL

Onlyhouse keepingdata

Min. temp. higher
Min. temp. higher
OFF- AIR
Min. temp. higher
Onlyhouse keepingdata

Min. temp. higher
OFF- AIR
Onlyhouse keepingdata

TECO-2002 POSTER PRESENTATIONS
Poster no.

Explanation

1.

Tittle: Performance of Automatic Weather

Stations in Kenya
2.

Automatic Weather Stations: Locations

STATION NAME

WMO No.

EUMETSAT No.

Mtwapa

63797

16F9D068

03˚56'S

39˚44'E

61m

Dagoretti

63741

1672A2E8

01˚18'S

36˚45'E

1795m

Kibos

63711

36D86128

00˚02'S

34˚49'E

1214m

3.

location

MTWAPA DIFERRENCES
MAX
MIN
MEAN
-0.24
4.63
STD DEV 0.72
2.66

Height

RAIN
-0.62
5.40

4. & 5.

Graphical representations for the mean differences and
standard deviations of the parameters measured at
Dagoretti Corner. Note that wind direction gives a
high value because its units of measurements is in tens
(ie 10,20 30, etc.).

6. & 7.

Graphical representations for the mean differences at
0600 and 1800 UTC of the parameters measured at
Dagoretti Corner so as to include minimum and
maximum temperatures respectively.

8. & 9.

Graphical representations for the mean differences at
0000 and 1200 UTC of the parameters measured at
Dagoretti Corner so as to detect whether the
differences for wind speed are higher when the winds
are strong or weak.

10.

KIBOS DIFERRENCES
MIN
MEAN
8.27
STD DEV
2.50

RAIN
-0.53
3.90

11.

Conclusions; The high differences for the minimum
temperatures are due to the inability of the data logger
to determine the lowest temperature measured in 24
hours. Likewise it does not add up the rainfall
amounts in 24 hours. Rainfall is reported at the hour
when it occurs only.

12.

Presently installed AWS in Kenya and their status.

NEW FORWARD SCATTER VISIBILITY SENSOR FOR RVR APPLICATION
Tero Kähkönen
Vaisala Oyj, P.O.Box 26, 00421 Helsinki, Finland
Tel. +358 9 8949 2318, fax + 358 9 8949 2568
e-mai: tero.kahkonen@vaisala.com

1. INTRODUCTION
Forward scatter visibility measurement technology
has established itself alongside transmissometer
technology in safety-critical Runway Visual Range
(RVR) applications at airports. The International
Civil Aviation Organization's (ICAO) revised RVR
manual (ICAO 2000) has provoked international
interest in RVR systems based on forward scatter
visibility sensors.
The new design of the Vaisala FS11 Visibility
Sensor is centered on reliability and safety factors
that affect visibility measurement in the airport
environment.
The guiding principle of the instrument’s design
was to follow ICAO RVR and Federal Aviation
Administration (FAA) specifications, while making
full use of Vaisala's long experience in the field of
visibility measurement. This paper will provide an
overview of the instrument’s design and
performance.

Fig. 1. New Vaisala FS11 Visibility Sensor

2. TECHNOLOGICAL ADVANCES
2.1 Window contamination compensation method
Vaisala has developed a new method that measures the attenuation effect of window contamination and
compensates for it. This method lengthens the periodic maintenance interval between window cleanings
and ensures that the measurement accuracy is maintained throughout the maintenance interval.
The new method monitors the reflective properties of the window surface by sending the light beam into the
glass material at a specific angle. With clean windows, strong reflections occur at the interface of glass and
air. Contamination particles on the interface decrease the reflection effect and cause the light beam to
scatter and lose signal strength. Figure 2 illustrates this method.
The new method provides more sensitive and reliable measurement of window contamination than
traditional backscatter monitoring. Automatic compensation corrects the visibility measurement errors
caused by window contamination. The visibility measurement accuracy is maintained throughout the
cleaning interval. Figure 3 illustrates the sensitivity of the circuitry by showing the relationship between the
measured contamination signal and the transmittance of the window.
To ensure that the optical path is clear also in front of the window surface and hoods as well, a second
monitoring circuit has been implemented. This circuit transmits a light beam outside the window surface and
monitors the amount of backscatter signal. Possible obstructions in the light path are detected in the form of
an increased backscatter signal.
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Fig. 2. Optical configuration of window
contamination measurement circuitry

Fig. 3. Relationship between the measured
contamination signal and the transmittance of the
window

2.2 Reliable operation in harsh weather conditions
The FS11’s low maintenance requirement is a result of the new window contamination measurement and
compensation system, its weatherproof head-down design and high-power heaters. The mechanical optical
head design and head-down configuration provide very efficient protection against all windblown particles.
The optical surfaces are even protected from particles flying horizontally. The high-power heaters, with
individual temperature monitoring and control, ensure that snow does not accumulate on the optical heads
even during severe snowstorms.
The open mechanical design minimizes the shadowing effect on the sample volume. This ensures that wind
direction related errors do not appear in the visibility measurement results. Also, the measurement sample
volume has been moved away from the parts that generate heat to ensure correct results in calm wind
situations.
According the ICAO RVR manual, a forward scatter meter may underestimate RVR in rain by up to a factor
of two if the rain events are not identified and the underestimation is not taken into account. The optical and
electrical design of the FS11 ensures reliable individual rain droplet detection from the measurement signal.
The effect of rain droplets on the extinction coefficient is calculated separately. This provides accurate
results during rain events.

Fig. 4. The head-down design of the optical
heads

Fig. 5. Optical head with high-capacity heating
element

2.3 Safety and reliability
To fulfill airport frangibility requirements, the FS11 is equipped with an approved frangible composite mast
structure that is designed to break when subjected to collision forces. The mast construction has been
impact tested and verified to show compliance with ICAO year 2005 design criteria for frangibility.
A built-in UPS system has been implemented to ensure reliable and uninterrupted operation during mains
power outages.. The sophisticated self-diagnostics and modular design allow for very short mean time to
repair (MTTR). The measurement fork and background luminance sensor are separate, intelligent
instruments with their own processors and parameter memories. Both the visibility sensor measurement unit

and the background luminance sensor can be replaced quickly as pre-calibrated spare parts without on-site
calibration. This means very short down time in case of trouble.
2.4 Scientifically valid chain of calibration
The accuracy of the FS11 is ensured by a two-point calibration procedure. The first point is a zero scatter
signal, which is produced by blocking the receiver completely. The second point is a high scatter signal,
which is produced with a reference scatterer.
The scattering response of the calibration device can be traced to a reference FS11 visibility sensor, which is
in continuous operation at the Vaisala outdoor test field along with reference transmissometers and other
instrumentation. This FS11 reference unit has been calibrated by verifying its output values against those of
the Vaisala reference transmissometer under various fog and precipitation conditions.
The measurement accuracy of the FS11 in the field depends on how well the calibrated response of the
reference FS11 can be transferred to the field devices. To define the best possible configuration for the
reference scatterers, Vaisala undertook a development program that included extensive study of possible
sources of error that could appear during annual field calibration. The study exploited optical design
simulation programs that allowed the researchers to quantify the variations between the design parameters
relating to calibrator devices. Based on this study, it was found that the most stable and repeatable
calibration result could be achieved with a calibration method whereby two opaque glass plates of the same
size are placed in parallel, at a distance that is relatively wide in comparison to their diameter. This
calibration method is the most tolerant of small mechanical differences in plate locations and angles. The
figure 7 illustrates the design of the reference scatterer device. It also shows the mask plates that are used
to verify the correctness of the measurement beam geometry.
Reference transmissometers

FS11 sensors

Test field

A set of FS11 sensors is
calibrated against reference
sensors
This calibration is
transferred to production
units with a calibration
device

Calibrator

Production units

Fig. 6. Calibration chain of the FS11 Visibility Sensor

Fig. 7. FS11 with reference scatterer device
3. TEST RESULTS
Performance and verification testing of the FS11 was carried out over 2001-2002. Comparison tests were
carried out against the reference transmissometer, which verified that the new Vaisala FS11 Visibility Sensor
fulfills ICAO and FAA requirements relating to the RVR application.
Figures 8 and 9 provide an overview of the FS11’s measurement performance. The ICAO RVR manual
recommends that the box plot format be used for test result presentation. Therefore, the results below are
expressed as box plots which show the distribution of ratios of meteorological optical range (MOR) between
the test and reference sensor for different bins of MOR. MOR values are in the y-axis. The MOR ratios
between the FS11 and the reference transmissometer are in the x-axis. Figure 8 illustrates the concordance
of the FS11’s measurement with the reference transmissometer. Figure 9 illustrates the degree of
measurement consistency between two FS11 units.

Fig 8. Example of a box plot diagram from
comparison testing of the FS11 against reference
transmissometer

Fig 9. Example of a box plot diagram from the
comparison testing of two FS11units

4. CONCLUSIONS
The new Vaisala FS11 Visibility Sensor fulfills FAA and ICAO requirements for the demanding and safetycritical RVR application. Technological advances in mechanical design, a new measurement and
compensation method for window contamination, and calibration consistency ensure correct visibility
information and high data availability even during harsh weather conditions. The FS11 is also accurate in
conditions of high visibility, up to a range of 75 km, making it suitable for aeronautical and SYNOP visibility
measurement purposes.
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1 – INTRODUCTION
Le radiosondage est une technique de sondage atmosphérique qui s’est beaucoup améliorée aussi bien
en ce qui concerne la facilité d’exploitation que la qualité des mesures des paramètres : pression,
température, humidité, vitesse et direction du vent.
Les mesures qui marchent bien avec une excellente précision et une bonne disponibilité sont la
pression et la température. La mesure, d’humidité plus difficile, n’est pas encore parfaite et mérite
encore des améliorations notamment en haute altitude où les températures sont très basses.
Bien qu’il s’agisse d’un paramètre météorologiquement très important, la mesure du vent au
demeurant très précise, n’a pas encore atteint un niveau de fiabilité convenable pour le réseau
opérationnel.
Le radiosondage est avant tout à la base de l’alimentation des modèles de prévision numérique. D’une
façon générale, les stations terrestres de RS sont relativement nombreuses et en densité suffisante pour
les modèles ; cependant, il est bien connu que l’on manque de données en altitude au dessus des mers.
C’est la raison pour laquelle, les pays à façade maritime se sont attachés à effectuer des sondages
depuis des bateaux de commerce. Cette communication a pour but la présentation des résultats
d’utilisation opérationnelle des nouvelles sondes pour l’amélioration des mesures en altitude.

2 – LE RESEAU DE RADIOSONDAGE DE METEO FRANCE
2-1 Le réseau terrestre
2.1.1 Métropole
La métropole dispose de 7 stations de RS (Ajaccio, Bordeaux, Brest, Lyon, Nancy, Nîmes et Trappes)
qui effectuent des sondages à 00H et 12 HTU. Les sondes utilisées sont des VAISALA lesquelles le
vent est déterminé par location triangulaire du type LORAN C. Les sondes LORAN C ont l’avantage
d’être relativement bon marché et d’une technologie simple et éprouvée.
On rappelle que le système LORAN C est constitué d’un ensemble de balises sol installé
essentiellement au Nord de l’Europe et qu’il est géré par les militaires. Malheureusement ce système
présente l’inconvénient d’être peu performant dans la partie Sud de l’Europe. De plus, on ne sait pas si
le système est appelé à durer au delà 2005, ce qui représente une perspective pour laquelle il faut
trouver une alternative.
2.1. 2 Outre-Mer
L’Outre-Mer comprend 13 stations dont 6 en Polynésie Française (Tahiti, Atuona, Rapa, Tubuai,
Takaroa et Rikitea) 1 aux Antilles (Le Raizet en Guadeloupe) 1 en Guyane (Rochambeau), 1 à la
Réunion (Ile de Tromelin), 1 en Nouvelle Calédonie (Nouméa) et enfin 3 en Terres Australes et
Antarctiques (Amsterdam, Kerguelen et Terre Adélie).

Toutes ces stations sont équipées en sondes VAISALA GPS-2 D pour la mesure du vent. Ces sondes
utilisent la constellation de satellites GPS, non pas pour en déterminer leur localisation, mais pour en
déduire la vitesse de leur déplacement avec le ballon au fil du vent, relativement au satellite en
utilisant l’Effet Doppler. Ces sondes disposent de capteurs de pression et d’humidité et présentent une
excellente précision pour la mesure du vent, malheureusement la disponibilité de cette mesure est loin
d’être satisfaisante. Les sondes GPS-2D ont permis de prendre le relais des sondes OMEGA lorsque ce
système de localisation pour la mesure du vent a été abandonné par les états qui entretenaient les
émetteurs. Bien que d’un coût plus élevé que celui des sondes LORAN C, ce coût reste bien inférieur à
celui des sondes GPS-3D avec localisation. Les sondes GPS-2D ont beaucoup d’inconvénients liés au
fait que la mesure du vent ne résulte pas d’un vrai GPS. Les mesures sont fortement influencées par
les mouvements aléatoires et rapides du ballon. Le fait d'utiliser un long fil atténue le balancement de
la sonde.
2-2 Le réseau de radiosondage embarqué sur navires
En France, le Système Automatique de Radiosondage Embarqué (SARE) a pour but la réalisation de 4
profils par jour(2 profils par bateau pour en moyenne 2 bateaux en mer) à partir de la rotation d' un
total de 4 bateaux porte-containers de la CGM/CMA entre Le Havre et les Antilles Françaises.Les
radiosondages sont effectués dans le cadre ASAP (Automatic Shipboard Aerological Programme) de
l’Organisation Météorologique Mondiale. Les sondes utilisées étaient jusqu’au printemps 2002 des
VAISALA RS80 GPS-2D comme en Outre Mer Les conditions d’exploitation y sont plus difficiles
qu’à terre et le nombre d’échecs y est relativement plus élevé. Le pourcentage de sondages sans vent
est parfois supérieur à 15%.
3 – DESCRIPTION DES NOUVELLES SONDES DU RESEAU SARE (ASAP)
3-1 Principe
Les sondes sont numériques avec un véritable GPS-3D utilisé dans sa fonction de localisation pour
fournir notamment les composantes de la vitesse du vent et sa direction.
La vitesse et la direction du vent sont obtenues à partir des mesures Doppler qui donnent une précision
de 0,1 ms-1 sur les 3 axes en mode différentiel inverse et ce, indépendamment de la connaissance
précise des coordonnées du point de sondage. Les mesures sont obtenues en mode différentiel temps
réel.
La pression est obtenue par le calcul à l’aide de l’équation barométrique en fonction de l’altitude GPS,
de la température et de l’humidité.
L’humidité est mesurée à l’aide d’un capteur équivalent à un condensateur dont la valeur capacitive
est proportionnelle au taux d’humidité relative.
3-2 Description technique
Humidité

Température

Vent

Piles
Poids

Précision 2%
Résolution 1%
Température d’utilisation –40° à + 60°
Récupération à l’eau liquide : 10s
Gamme de mesure : + 40° à 90°C
Résolution 0,11°C
Précision +/- 0,5°C
Récepteur GPS 3 axes
Travaille sur les signaux L1 en code C/A
Position 25 m hors SA et 5m en DGPS
Vitesse 10cm s-1 hors SA et 10cm s-1 en DGPS
Temps GPS 1µs
Vitesse max 500 ms-1
8 R6
370gr

4 - RESULTATS D’ESSAIS PRELIMINAIRES
Des lâchers d’attelages constitués de plusieurs sondes ont été effectués à Trappes pour étudier les
comportements simultanés de plusieurs sondes en P, T, U et Vent et plus particulièrement la
VAISALA RS 90 et la MODEM GL 98.
4.1 Mesures de la pression
Les résultats d’essais en vol montrent un écart en pression qui n’excède pas 2 à 3 hPa en moyenne
dans les très basses couches et se réduit assez rapidement pour finir inférieur à 0,5 hPa. Les écarts de
début de sondage sont probablement dus à un décalage dans la synchronisation des temps de
comparaison.
4.2 Mesures de la température
Pour la température, les profils sont similaires, l’effet radiatif sur la sonde MODEM commence à être
effectif à partir de 250 hPa (quelques dixièmes de degrés) pour atteindre un maximum de 1,5°C aux
alentours de 5 hPa. La correction radiative appliquée semble suffisante.
Les températures fournies par les sondes MODEM pour différents niveaux de pression, ne s’écartent
pas plus de ± 0,5 °C en moyenne par rapport aux mesures des sondes VAISALA.

4.3 Mesures d’humidité
Des comparaisons de capteurs d’humidité entre les sondes MODEM GL98 et VAISALA RS 90 ont
été effectuées. Pour différents niveaux de pression entre les sol et 500hPa, la sonde MODEM ne
s’écarte pas plus de ± 5% en moyenne de ceux fournis par la sonde VAISALA. L’écart moyen est de
l’ordre de 8% autour du niveau 250 hPa, niveau où la température atteint –50°C.
Enfin, on peut considérer que le capteur d’humidité présente une bonne résolution ainsi qu’une bonne
justesse.
4.4 Mesure du vent
Des exemples de comparaison entre les sondes MODEM GL98 et VAISALA RS90 ont permis de
remarquer une très forte disponibilité des mesures de vent, supérieure à 98%, et ceci quelle que soit
l’altitude. Les écarts en vitesse par rapport à la sonde VAISALA RS90 sont en moyenne très inférieurs
à 2Kts. En direction, pour des vents établis de vitesse supérieure à 10 Kts, les écarts entre les 2 types
de sonde sont de l’ordre de ± 3 degrés. Ces écarts sont du même ordre de grandeur que ceux constatés
lors des sondages jumelés avec une RS80 15G de VAISALA.

5 - RESULTATS OPERATIONNELS DES SONDES GPS-3D SUR BATEAUX SARE

Depuis le début 2002, plusieurs campagnes sur l’Océan Atlantique ont donné lieu à des sondages
MODEM.
Ces campagnes permettent de dégager les grandes tendances du comportement de l’ensemble, sonde et
station, dans les conditions difficiles d’exploitation en mer. Les premiers résultats sont rassemblés
dans le tableau suivant :

N° de
Campagne
203
204
205
209
210
211
212
213
214

Lâchés

Effectués

29
25
25
29
29
26
27
25
27

27
23
25
26
26
22
25
25
24

Nombre de Radiosondages
Arrêt
Arrêt
réception
logiciel
4
0
4
0
3
1
1
1
5
0
3
0
2
3
3
1
0
0

Arrêt
sonde
2
4
0
1
0
1
0
0
1

Disponibilité
Vent/PTU
98%
97%
100%
95%
95%
100%
95%
100%
100%

Le bilan des 223 sondages effectués permet de dégager les remarques suivantes :
-

Points favorables

On dénombre très peu de sondages sans données PTU et sans Vent. La disponibilité des données de
vent calculée par rapport aux données PTU est excellente et supérieure à 95% des cas.

-

Points à améliorer

Des problèmes sont apparus soit par faiblesse de réception, soit par arrêt de la sonde avant éclatement
du ballon. Certaines pertes de signal ont été dues à des masques formés par le château du navire.
D’autres sont dues à des difficultés de compatibilité des logiciels d’acquisition et de traitement ou à
des problèmes de réception GPS non identifiés, mais indépendants de la sonde elle-même, ou enfin
peut être à un manque d’expérience des opérateurs. Il faudra analyser ces radiosondages au cas par
cas, pour identifier l’origine de ces pertes de réception de signal et y apporter des solutions.
Il faut cependant noter que pour les toutes premières campagnes, le système MODEM avait été
implanté rapidement dans la structure du matériel précédent (baie, câbles…) ce qui a pu initialement
engendrer quelques difficultés.
Le dérouleur n’est pas encore très fiable. L’extrémité du fil parfois non solidaire de la bobine a pour
conséquence qu’à la fin du dévidement, la sonde n’est pas retenue et va à la mer.
Enfin on signale quelques sondes rejetées au sol.

6 – CONCLUSION
Les sondes MODEM que nous avons évaluées ont été installées sur les 4 navires CGM-CMA au cours
du printemps 2002. Grâce à la disponibilité remarquable des mesures de vent, due principalement à
l’utilisation de la localisation GPS-3D, ces sondes MODEM devraient apporter une importante
amélioration de la qualité des sondages par rapport aux sondes GPS-2D.
La sonde MODEM ne possède pas de capteur de pression ; nous n’avons pas rencontré de situation où
le calcul de pression par application de la loi de Laplace conduisait à des valeurs erronées.
Enfin, le principal inconvénient réside dans le prix d’une sonde qui demeure élevé. La diminution du
coût de la carte GPS par une plus grande diffusion commerciale est très attendue pour abaisser le coût
de la sonde. Il faut néanmoins reconnaître que l’importante diminution des pertes de vent contribue à
justifier le surcoût du GPS-3D.

Testing new generation radiosondes in the UK.
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1.
Introduction
This paper presents results from tests performed at Camborne in Cornwall (WMO 03808) on new generation
radiosondes by the UK Met Office in collaboration with various manufacturers. The radiosondes tested included the
Graw DFM-97 (Germany) and Sippican Microsonde GPS (USA), Modem (formerly Geolink) GL98 (France) and
various development variants of the Vaisala RS90 (Finland). One aim of the tests was to demonstrate that the Sippican
and Graw radiosondes provide sufficiently accurate winds and heights to act as a working reference when testing other
operational radiosonde systems, instead of using the old COSSOR tracking radar at Camborne. Various tests have been
made using specialised variants of the RS90 radiosonde provided by Vaisala to resolve issues with humidity sensor
contamination in cloud identified in the March 2000 test. The tests performed at Camborne are summarised in Table 1:
DATE
March 2000

RADIOSONDES
RS90 Acceptance test

May 2000

Graw DFM97,
Sippican Microsonde II

December
2000

MODEM GL98,
Graw + Sippican
Vaisala RS80/RS90 GPS
RS90 capped and
uncapped humidity sensor
Graw +
Sippican [ chip thermistor]
RS90 GPS
RS90 capped and
uncapped humidity sensor

June 2001
Jan. 2002

Feb/May
2002

OTHER SYSTEMS
REMARKS
Meteolabor Snow white Poor calibration of RS90 humidity sensor
(Switzerland)
Humidity contamination above low cloud.
Day/night humidity differences.
SODAR (German),
Comparison of radar and GPS winds.
COSSOR Radar
COSSOR Radar

RS80
COSSOR radar

RS80

Comparison of Radar and GPS winds
Preparing for WMO GPS Radiosonde
Comparison in Brazil.
Heat from upper humidity sensor (capped)
affected lower sensor measurements
Comparison of radar and GPS winds.

Testing of revised pulse heating cycle
for humidity sensors was successful

Table 1: Met Office Radiosonde Trials at Camborne 2000-2002
The December 2000 and January 2002 tests provided sufficient simultaneous wind and height measurements for
significant statistical analysis. They also gave an opportunity to observe the temperature measurements from the faster
response sensors, but there were insufficient measurements in separate day/night categories to provide reliable
temperature comparison statistics.
2. GPS WIND COMPARISONS
2.1 GPS Windfinding Problems.
A recent WMO report [1] has shown that the average percentage of missing data from measurements using Vaisala
RS80G radiosondes is still about 12% world-wide. Table 2 summarises the amounts of missing wind data from the
December 2000 test. Interference from the COSSOR radar before launch upset the synchronisation of the Vaisala GPS
tracking so that no winds were reported on 3 RS80G ascents. Large gaps in wind messages were noted on another flight
where the RS80G unwinder (dereeler) failed. The wind measurement failure rate from the UK ASAP is greater than 20
per cent. When a suitable data logging system was deployed with the ASAP system, the detailed archives showed that a
significant number of failures could be attributed to interference from the navigation radars during preparations for
launch. Recent tests have shown that the RS90G radiosonde wind measurements were not upset by radar interference in
this manner. In the 2000 trial the Sippican GPS system took longest to prepare for launch, but had least amounts of
missing wind and GPS height measurements. The Graw system was easiest to use, as GPS synchronisation could be
obtained inside the operations room.
FLIGHTS FLIGHTS
REMARKS
RADIOSONDE No. of
FLIGHTS With no
With >
WINDS
90% WINDS
RS80G
16
3
15¹
¹ UNWINDER FAILURE
SIPPICAN
18
0
17¹
¹Radiosonde transmitter failure after 51 minutes
MODEM
13
0
11¹
¹ Faulty ground system antenna amplifier on early asc
GRAW
17
0
15¹
¹2GPS failure after about 35minute
RS90G
4
0
4
Table 2: Summary of GPS Windfinding Problems during December 2000 GPs Trial.

2.2 Simultaneous Windfinding Statistics
During the December 2001 test, upper winds were very strong and the radar was not able to track accurately enough to
provide a reference. Thus, the average value of the Graw, Sippican and Vaisala RS80 winds was used as a reference.
Figures 1 and show the RMS differences from this reference as a function of height. The statistics are from the 8 ascents
when all four GPS radiosondes were launched simultaneously.

Fig 1 RMS Differences from reference (average of Sippican, Graw and Vaisala), Camborne Dec2000
These results demonstrated that the errors in the GPS wind measurements of all 4 systems were usually less than
0.5 ms-1 in each component. The 4 systems could be flown together successfully, as was later achieved in Brazil.
3.

GPS height comparisons

Fig 2 shows differences of simultaneous height measurements compared with the Sippican GPS height as reference.
The Sippican and Vaisala RS80 measurements were geopotential height, with the RS80 measurement derived from
PTU measurements and the Sippican values form adjusted GPS geometric height. The MODEM and Graw
measurements were purely geometric heights. The positive bias of the RS80 in the upper stratosphere results from
negative pressure sensor errors in the RS80.

Fig 2 Comparison of simultaneous height measurements against Sippican measurements, Camborne December
2000. Standard deviations of GPS heights with respect to Sippican increase with height from about 10m near the
ground up to between 40 and 60m at 30 km.
In the 2002 test, Vaisala RS90 geopotential heights were smaller than simultaneous Sippican GPS geopotential heights
by about 50m at 30 km. Graw heights were larger than Sippican by about 80m. These results imply that a combination
of GPS radiosondes should provide a suitable height reference for testing other radiosondes in future, although some
work is required to clarify the processing procedures used by the various manufacturers.
4.
Rate of response of temperature sensors
All four new generation radiosondes tested have small fast-response temperature sensors, and the resultant differences
in temperature measurements are most readily seen at low pressures. The temperature response of the Modem and
Graw sensors is seen to be much faster than that of the RS80 in Fig 3(a) at a pressure close to 38 hPa in 2000. In Fig.3
(b) the RS90 and Sippican Microsonde II (chip thermistor) nighttime measurements were very similar and the DFM-97
was only marginally slower in response in 2002. This increased speed of response should lead to smaller radiation
induced temperature errors, but the benefit will only be obtained if the sensor coating has low emissivity in the infrared
and high reflectivity at visible and UV wavelengths. At least one of the sensors could probably benefit from an
improved sensor coating to minimise variations in errors caused by changes in the infrared environment during ascent.

Fig 3(a) Comparison of Modem GL98, Graw DFM97
and Vaisala RS80 temperatures at 38 hPa
13/12/00 1425 UTC Camborne.

Fig 3(b) Comparison of Graw DFM97, Sippican
chip and Vaisala RS90 temperatures at 10 hPa
17/1/02 2042 UTC Camborne

5.
Relative Humidity Comparisons
The data sets obtained in December 2000 and January 2002were not large enough to merit a detailed examination of the
performance of the relative humidity sensors, which requires separation of the measurements into daytime and night
time conditions. However, if day and night measurements are combined, then within the temperature band 0 to –20 ºC,
all four systems agreed on average to better than 5 per cent for the range of relative humidity from 95 per cent to 45 per
cent. Discrepancies between sensors were larger than this at very high and low humidity. Both Graw and Modem sensor
measurements showed occasional anomalies; for instance the Modem measurements in 2 flights were low by more than
10 per cent relative humidity suggesting that all production issues with respect to the sensors may not be fully
developed. Fig.4 shows a comparison between the four systems where all were functioning typically. The good
agreement in the detailed vertical relative humidity structure can be seen.

Fig. 4

Simultaneous comparison of relative humidity measurements from December 2000

In low level cloud, the average RS80 raw humidity was 105 per cent, the RS90 raw was 103 per cent, the Sippican
measurement was 97.5 per cent, the Graw was 97 per cent and the Modem was 99.5 per cent [small sample]. These
Vaisala radiosondes were not suffering from chemical contamination, but were probably reading too high and higher
than most UK operational radiosondes, see below. A possible explanation may be that the RS80 sensors had been
chemically contaminated in the factory during calibration. Subsequent storage for about 3 months with the desiccant in
the radiosonde pack might remove the contamination and produce sensors reading too high a value at high humidity.

5.1.
Evaluation of operational RS80 relative humidity measurements in cloud in the UK
Calibration of the radiosonde at high humidity can be checked when there is large amounts of low cloud at the time of
launch. If the observer reported 8/8 stratus or fog at the time of launch there is little doubt that the radiosonde
encountered saturated conditions within the boundary layer. Operational statistics from Sippican soundings in the UK
confirmed that maximum relative humidity recorded in cloud during 2001 seldom-reached 100 per cent, whereas in
earlier years the sensors often recorded 100 per cent.
Fig. 5 shows histograms of daytime and night-time maximum humidity sensed in low stratus cloud by the current
operational Vaisala RS80 radiosonde used on Met Office sites in the UK for the last 3 years. The statistics have been
derived from raw data archives since this takes out the rounding down to 100 per cent applied by the Vaisala processing
software when the sensor indicates values higher than 100 per cent. At night, for conditions when it is sure that the
radiosonde passed through cloud, the average relative humidity measured by the sensor was close to 100 per cent, see
Table 3. The average humidity measured in similar conditions by day is about 1.5 per cent less than the nighttime
average. This day-night difference is probably due to the effect of solar heating of the RS80 humidity sensor and is
similar for full stratus cover, and for slightly lower cloud amounts. The histograms show that in the last 3 years about 8
per cent of all RS80 observations made in low stratus in the UK have measured relative humidity <96 per cent. In
future it is hoped that these outliers can be eliminated from operational observations.

Fig. 5 Histograms of relative humidity sensed by radiosondes in the UK where there has been full stratus cloud
cover at low levels between June 99 & May 02. Values above 100 per cent are reported as 100 per cent to the user
DAYTIME
NIGHTTIME
LAUNCH
PERIOD
condition CLOUD
NUM AVE % S.D. NUM
AVE% S.D.
01/06/99-31/05/02 DRY
8/8 Stratus only 180
98.9
3.3
285
100.3 3.2
01/06/99-31/05/02 DRY
6 or 7/8 all low 1994
96.3
3.7
1464
97.9
3.4
01/06/95-31/05/02 ALL
7 or 8/8 all low 5013
99.0
4.2
5240
100.5 4.0
Table 3 Daytime and night time maximum relative humidity sensed in passing through low cloud at UK
operational stations with manual cloud observations
6.
Summary
The comparison of GPS wind measurements confirmed that a combination of GPS systems would produce a suitable
working reference for wind measurements. This has already been applied in testing a military radiotheodolite system in
the UK. Similarly, GPS radiosondes which decode the GPS signals can clearly act as height references once the
differences between geometric and geopotential heights are understood and the correct links implemented. The
preparations in the UK led to a successful WMO GPS Radiosonde Comparison in Brazil. The very good quality
radiosonde transmitters used by Graw and Modem radiosondes facilitated this. The improved resilience of the Vaisala
RS90G to radar interference compared to the RS80G was apparent.
Whilst the speed of response of temperature sensors has improved, more attention should be paid to the coating of the
sensors and the positioning of the sensors. Too many modern radiosonde have temperature sensors that can be deployed
in a wide variety of positions, rather than in a fixed position relative to the radiosonde body and relative to the
supporting wires for the sensor.
Relative humidity sensors are gradually improving, but enough thought has not been given to exposure problems. The
Met Office is continuing with a test plan agreed with Vaisala. This will involve testing of a radiosonde with more
flexible control electronics that will allow optimised heating cycles to be developed for the current RS90 humidity
sensor suite.
Reference: [1] Recent Worldwide GPS Radiosonde Performance - Incorporating the review of WMO GPS
Questionnaire, 2001" John Elms
WMO web page under IMOP programme
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Introduction
The results presented in this paper are from two trials,
the first in support of aircraft research at Ascension
Island (1999) and then the WMO GPS trial held at
Alcantara in Brazil 2001. A main aim of the tests for
the Met Office was to evaluate and develop the
humidity sensing of the Vaisala RS90 and Meteolabor
Snow White chilled mirror hygrometer in a tropical
climate. The Snow White sensing system is
manufactured by Meteolabor, Switzerland and in these
tests was flown with Sippican MKII radiosondes.
Sippican, Meteolabor and Vaisala contributed to both
tests.
Operational Performance of Snow White
At Ascension, 17 Snow Whites were flown with the
Vaisala RS90 radiosonde and at Alcantara 21 SnowWhites. Snow White measures dewpoint or frost point
depending on the state of the film on the mirror. In
very dry conditions the peltier cooler on the Snow
White may not be able to cool sufficiently to maintain
the film. In this situation the system can be become
insensitive to humidity increase until the dewpoint rise
above the mirror temperature and the water film
reforms. In these tests, the loss of the film in flight was
not significant. Conversion of Snow White dewpoint to
relative humidity was computed using the RS90
temperature measurements. As a 1ºC error in
atmospheric produces around 6 per cent error in
relative humidity when computing relative humidity
from dewpoint, it is essential to have as accurate air
temperatures as possible. The change in phase of the
water surface on the Snow White mirror can be
detected by comparison with the RS90 measurements
on many flights. This usually occurs when the mirror
temperature is between -20ºC and -30ºC. A correction
was made after the basic Sippican in flight processing
was completed to ensure that relative humidity relative
to a water surface was computed for all heights.
Figure. 1 illustrates the good agreement in measuring
detailed vertical relative humidity structure as a
function of time into flight, obtained from the Vaisala
RS90 and Snow White systems in Alcantara. In Figure
2, the Snow White measurements showed a lot more
structure in the vertical on smaller scales than the
RS90. However, on this occasion the Vaisala ground
station software had smoothed out the structures, which
the RS90 sensor had sensed, see raw data.
Unfortunately, the Snow White sensors deployed at
Alcantara had a modified feedback control to speed up

the sensor. This led to instability in measurements at
lower temperatures, which had not occurred at
Ascension Island. These fluctuations were not
supported by raw RS90 measurements. The result was
that Snow White measurements could not be safely be
used as a reference below temperatures of -50ºC in the
Brazil test. The oscillations in dewpoint temperature
can be seen in the Snow White dewpoint trace between
minutes 30 and 60 into flight in Fig. 3. The oscillations
died away at about minute 60 and this leads to the
suspicion that at the lowest internal radiosonde
temperatures the power being delivered to the Peltier
cooler for the Snow White mirror may have been
inadequate to ensure cooling to the true frost point. In a
similar set of dewpoint measurements from Ascension
Island, see Fig. 6, the dewpoint trace was much less
noisy than the Alcantara measurements.
Large positive relative humidity anomalies (more than
a hundred percent) were produced by Snow White at
upper levels in early Alcantara flights. The Snow
White system heats the sensor area when it is
recognised that relative humidity is very high and rain
drops or ice crystals could enter the sample volume,
upsetting the film on the sensing mirror. The sensor
volume heating was going on for much too long when
it was initiated in thin cirrus cloud at Alcantara. This
caused the dewpoint temperature to be much too high
for up to 10 minutes after leaving cloud. Thus,
additional covers were used to cover the duct entrance
to the Snow White sensor area, during most of the
Alcantara trial. This made it difficult for ice crystals to
enter the sensor volume and trigger the heating.
Previous test work in the UK had shown that the design
of the Snow White sensor duct ensured adequate flow
of air past the sensor even when the duct entrance was
almost entirely covered. Excessive heating of the
sensor volume was reduced although not totally
eliminated in the remaining flights
Interpretation of in flight comparisons
Figure 3 shows dewpoint temperature measurement
from flight 11 as a function of time into flight. Here
minute 60 corresponds to a pressure of 88 hPa and is
close to the tropopause. Vaisala values of dewpoint
were computed from temperature and relative humidity
measurements and Snow White values are actual
measurements. Fig 4. Shows the corresponding
temperature and relative humidity measurements. On
this flight the RS90 and Snow White relative humidity
measurements were very close up till minute 50
(pressure 144 hPa, temperature -70ºC. After this the

RS90 appeared to be slower in response than the Snow
White, but as noted earlier the frostpoint reported by
the Snow White was probably too low because of
problems with the battery supply at the lowest
temperatures.
Figure 5 shows a similar temperature and relative
humidity plot from the trial on Ascension Island. At
minute 49 the Snow White shows a much larger
positive increment in relative humidity than the Vaisala
RS90. This was at a temperature of –65 ºC and a
pressure of about 170 hPa. At minute 72 the Snow
White's relative humidity increased and this is taken as
a symptom of the gradual failure of the peltier cooler to
deliver sufficient cooling to give the correct frostpoint.
When the remainder of the relatively reliable
comparisons are reviewed, the main discrepancies in
response between the two humidity systems seem to
start at about 150 hPa, and temperatures around –70 ºC.
This requires further investigation, once Snow White
has been improved to ensure that adequate cooling can
be supplied to pressures down to 50 hPa.

would be that the humidity sensors are sensing air at a
higher temperature than ambient after the air was
heated by passing over some of the surfaces
surrounding the sensors. Certainly, the RS90 sensors at
Brazil agreed with a Thygan reference before launch to
within 1 per cent in daytime and nighttime conditions.
On the ground , the surface winds were strong and the
air reaching the RS90 sensors was not usually passing
over any heated surface before encountering the sensor.
For the temperature band -15 to -30ºC, the conditions
differed between the tests, with high humidity not
encountered at Ascension. Systematic differences
between Vaisala RS90 and Snow White remained
lower than 4 per cent at night, whilst the Vaisala RS90
measurements were clearly lower by around 6 per cent
in the daytime comparisons.

Relative humidity differences between the Sippican
Hygristor used with Snow White Day and Snow White
Night are shown for the temperature band 0 to 15 ºC
(heights 3 to 5 km) in Fig. 7, and for the temperature
band –15 to –30 ºC (approximate heights 8 to 10 km)
in Fig. 9. The relative humidity differences between the
Vaisala Rs90 and Snow white for the same temperature
bands are shown in Figs. 8 and 10. Note the humidity
difference scales are quite different between the
Sippican and Vaisala RS90 plots. The thick black line
indicates nighttime comparisons whilst the light grey
lines are for daytime comparisons. The results from
Ascension Island are indicated by diamonds and the
result from Brazil are indicated by circles.

The reproducibility of the Sippican relative humidity
measurements is estimated at between 3 and 6 per cent
(better at high than low humidity) from the results in
Fig. 11, compared to better than 2 per cent for the
Vaisala RS90 measurements. Thus, the sample sizes in
these tests were not totally adequate to define longterm systematic bias for Sippican to the same degree of
certainty as with the Vaisala system. At low humidity
(less than 20 per cent) the Sippican sensors indicated
values 5 to 10 per cent higher than Snow White in
Brazil and about 10 per cent lower than Snow White in
Ascension. This is a clear demonstration of the main
weakness of the carbon hygristor sensor, that sensor
measurements are not reproducible at low humidity.
This problem was larger at the lower temperatures ,as
seen in Fig.9. At high humidity, the hygristors used
with the Snow White at night in Brazil had a strong
positive bias, whilst those hygristors used on the other
night flight without Snow white were within 5 per cent
of the Vaisala measurements. Thus overall the
hygristor sensors in Brazil appeared similar to those
used at Ascension.

Figures 11 and 12 show the standard deviations
associated with the comparisons between Sippican and
Vaisala RS90 and the Snow White. Here, the results
from the two tests have been combined together. Figs.
7 to 12 indicate that the systematic bias between the
sensors tends to be larger than the random errors for
both sets of sensors.

Conclusion
The results from the tests between the Vaisala RS90
and Snow White in Ascension and Brazil indicate that
it should be possible to produce a working reference
for future assessment of radiosonde relative humidity
measurements by combining the two systems together,
given current technical problems are resolved.

In the temperature band 0 to 15 ºC, the Vaisala RS90
comparisons with Snow White were extremely
consistent between the two test sites. At night the
sensors agreed very closely at high humidity and the
Snow Whites were about 4 per cent lower than the
Vaisala measurements at relative humidity of about 20
per cent. Some of the difference at low relative
humidity would have originated from hysteresis in the
Vaisala sensing system. In the day the Vaisala
measurements were about 5 per cent lower than the
Snow White measurements at high relative humidity.
The measurements of the two systems in daytime cloud
suggest that most of the difference arises from a low
bias in the Vaisala measurements. A reason for this

The results demonstrate that there are significant daynight differences between operational relative humidity
sensor measurements.This should not be considered
surprising because of the methods of sensor exposure.
In the future it will be necessary to implement a
suitable radiation correction scheme for humidity
sensors, similar to that used for temperature sensors.

Comparison statistics from the middle troposphere

Improved accuracy of relative humidity measurements
in the tropics is a significant issue for progress in
numerical weather prediction. Further tropical
radiosonde tests will be required to ensure optimum
accuracy measurements for future operations.

Snow White
RS90
RS80
RS90 RAW
RS90
Snow White

Fig 1. Comparison of daytime RS90 and Snow–white
temperature and relative humidity measurements,
showing typical output from both RS90 edited (used
for the reported values) and raw data files before
smoothing algorithms were applied.

Fig 4. Comparison of temperatures and relative
humidity from the same flights as Fig. 3.

Snow White
RS90
Sippican

Snow White
RS90 edited
RS90 raw

Fig 2. Comparison of daytime RS90 and Snow–white
temperature and relative humidity measurements.

Snow White
Vaisala RS90
Vaisala RS80

Fig 3. Comparison of dew point temperatures measured
by the Snow-white and values computed from relative
humidty and temperature of the Vaisala radiosondes

Fig 5. Temperature and relative humidity comparison
between Snow White, Vaisala RS90 and Sippican
MKII from Ascension 1999.

Snow White
Vaisala RS90

Fig 6. Comparison of dew point temperatures measured
by the Snow White and values computed from the
Vaisala RS90.
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Fig 7. Sippican MKII - Snow White Day
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& Brazil 0°C to 15°C
5
Humidity Difference from SnowWhite (%)

Humidity Difference From Snow White
(%)

10

Sippican MKII
5
0
-5
-10
-15
-20
0

20

40

60

80

Vaisala RS90

3
1
-1
-3
-5
-7

100

0

20

40

60

80

100

Relative Humidity (%)
Relat ive Humidit y (%)

Fig 10. Vaisala RS90 - Snow White Day
Night Differences from Ascension Island
& Brazil -30°C to -15°C

10

10

9

9

8

8

Standard Deviation (%)

Standard Deviation (%)
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Fig 11. Standard Deviations for figures 7 & 8
Vaisala RS90 circles, Sippican MkII squares
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INTRODUCTION
About 10 years ago the development of perspective upper-air system was begun which should
come on change of the basic system for air sounding in Russia AVK-1. At a choice a new system we
proceeded from the following principles:
- Opportunity of independent work and independence of external navigating systems;
- Preservation high tracking characteristics;
- Low cost of a system including a radiosonde.
To the greatest degree to these requirements the radar-tracking system satisfies. The basic
problems of the existing radar-tracking system AVK-1 are: the complex and precision mechanics of
the antenna rotation, difficulty of auto-tracking of a sonde at pass through zeniths, powerful pulse
radiation, high cost, weight, dimensions and power supplement of radar.
NEW RADIOSOUNDING SYSTEM
In new development all advantages of the radar-tracking system were kept and the disadvantages
inherent traditional radar are appreciably overcome.
The new system MARL - A is constructed on the basis of the active phased array with 64
receiving-transmitting modules, which phase controls independently by 4-bit code. The total pulse
power is 100 Watts. The control of a direction of a beam - electronic in an elevation -10…+100
degrees, in azimuth +40… - 40 degrees. At achievement of the set boundary value of azimuth angle
the phased array is rotated automatically by mechanics.
With the purpose of increase of reliability of the
automatic capture and the tracking of a sonde at a
short distance is used a mode of a "wide" beam, when
8 elements are switched on only. The zone of
automatic capture of a radiosonde in this mode makes
+ -25 degrees on an azimuth and + -15 degrees on an
elevation. At a distance after 1.5…2.0 km all
elements of a phased array are included in the work.
General weight of MARL-A is 250 kg (without
wind-protection radom), power supply less 500 Wt
from a single-phase network 220V*50Hz. The phased
array incorporates to the personal computer through
the device of interface by two cables of length up to
30 m. All control of radar is made with this computer
with help specially developed software.
The screen of the managing computer in a mode of
launch of a radiopsonde is shown on a fig.2. During
flight of a sonde the operator has an opportunity to
see a vertical profiles of calculated temperature,
humidity and wind (fig.3). After achievement of
geopotential height of 100 hPa and after the end of a

flight all necessary telegrams are automatically formed which also automatically are transmitted in
channels of communication.

Fig.2. The screen of the managing computer

Fig.3.The current profile of humidity

In the software the algorithms of allocation of the telemetry signals are realized at the small ratio
signal - noise and also correlation method of allocation of a back-answer signal at the reduced in 100
times transmitting power. The used algorithms allow to accompany with radiosonde and to process
signals of telemetry from the distance more than 200 km.
The software can be adjusted on various types of radiosonde on frequency 1680 MHz, and also (at
installation in a radiosonde of the pressure sensor) to provide a radiotheodolite mode.
TEST RESULTS
During tests and skilled operation of the first copies MARL-A the basic attention was given to
study of the following characteristics:
- Diagram of an orientation of the antenna and accuracy of angular tracking;
- Estimation of influence of a surface of the Earth on angular errors at small elevation;
- Energy potential and sensitivity of the radar-tracking system;
- Research distance measuring channel at reduced in two order transmitted pulse power;
- Reliability of control elevation near to 90 degrees.
Fig.4

Fig.5

The antenna beam pattern (in horizontal and vertical cross-section) is submitted in a fig. 4. The
diagram is received at electronic scanning of a beam and practically does not differ for modes of
receiving and transmitting. A level of a side lobes and width of the main beam correspond to
calculated meanings and provide the necessary characteristics on accuracy. In a fig. 5 are submitted

angular-voltage curves in modes of a narrow and wide beam. The quality of these curves substantially
defines reliability and accuracy of angular tracking, and also area of capture of a radiosonde.
The step of discrete control of a beam is about 0.2 degrees, which is defined by the formula:
δθ = Δθ∗9/kN*2^p,
where δθ -step of the angle discreet,
Δθ -beam width (=7 degrees.),
N - number of elements (=10, in vertical),
p - bit numbers in phase control system (=4),
k - coefficient, depending of algorithm of phase array (=2, for some case).
The angular accuracy in 5 times was realized better at the expense of use for calculation of a direction
of a beam in addition of signal of deviation and averaging of result. The diagram is calculated and
established 30 times per one second. The angular dispersion it is possible to estimate as 0.1 degrees
from the diagrams of tracking of radiosonde in a fig.9, for example.
In a fig.6 the change of an elevation is shown
at tracking of a falling sonde on distance 38-40
km. The velocity of fall was small - about 10-12
Fig.6
m/sec. In the assumption of uniform speed of
incidence it is possible to estimate the errors in
angular measurements and critical elevation,
which has appeared near 7degrees. It is necessary
to note that the measurements were carried out of
an elevation obstructed by 4 degrees.
In this example we also see the result of a
small mistake in the array software which gave a
jump of angle of 1 degree when go through 30
degrees elevation angle – normal direction to array plane- from plus to minus area.
The sensitivity of MARL-A is enough for receiving of microwave radiation of the Sun with a
level +3... 4 dB above a level of own noise. It allows to check and to adjust the characteristics of the
channel of angular support, and also to supervise orientation of station with accuracy not worse than
0.2 degrees.
In the fig.7 the example of angle tracking of
the Sun within 3.2 hours is shown. The angular
dispersion does not exceed 0.1 degrees at
averaging time of 1s, systematic errors are less
than 0.2 degrees. These experiments are very
useful and important for minimization systematic
bias in elevation angle. As a result the standard
monitoring procedure of upper-air data quality
Fig.7. Sun tracking, elevation angle
give the bias OB-FG in geopotential height less
than 20m at 100hpa level.
For regular checking of basic parameters of a
radar such as sensitivity, transmitted power,
antenna pattern and capture curve, efficiency of
every of 64 t/r units and telemetry quality the test
device is supplied and placed at a distance 80-100m.
The theoretical and experimental values of received power of a radiosonde on various distances are
shown in a fig. 8 in logarithmic scale. It is visible, that the reception of signals up to distance of 300
km is possible. While the work MARL-A at range of 150 km is checked up now. Also one can see in
the figure a power levels of noise, Sun radiation and AGC initialization.
At last, in a fig. 9 the example of passage of a radiosonde above radar is given. The MARL-A
works at a narrow beam, as the sonde was already on distance of 10 km. In a wide beam the support of
a sonde is even more reliable.

Skilled operation MARL-A at aerological stations Dolgoprudny, Rostov-na-Donu now will be
carried out, the one set to Hanty-Mansijsk is sent.
There is a plan to install more than ten radar systems MARL-A in 2002-2003 years. The
installation procedure is very simple and inexpensive.

Fig.8

Az

Fig.9

El

CONCLUSIONS
Manufacture of radar MARL-A now is mastered, the perfection program maintenance, both on
increase of accuracy, and on reliability of sonde tracking proceeds. The interactive interface of the
operator develops. It is planned to realize a mode of full automatic search and capture of a radiosonde.
It is necessary to note, that many technical decisions and software MARL-A were used also at
modernization АVК-1, which is necessary for support of serviceability of the out-of-date equipment
before its replacement on MARL-A, as this process can occupy 10 years.
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In Situ Temperature Comparisons between the NASA Three Thermistor Reference Radiosonde
and the Sippican Mark IIA and the INTERMET Model 3010 1680 MHz GPS Radiosondes
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1. Introduction
Two radiosonde vendors Sippican, Inc. and InterMet
qualified 1680 MHz GPS radiosondes with the National
Weather Service for use with the Radiosonde Replacement
System. A pre-production contract was awarded to these
vendors to provide production-line radiosondes for
extensive follow-on testing including sensor suite testing.
Testing will include accuracy, response time, resolution,
and availability over a range of environmental conditions.
This paper will be limited to the in-situ temperature sensor
performance.
NWS field sites have not applied radiation corrections to the
radiosonde flight data because of computer limitations. The
NWS policy was for corrections to be applied to data by the
National Centers for Environmental Prediction (NCEP)
based on flight comparison results with operational
radiosondes and NASA Three Thermistor results as
adjusted by NCEP observations minus first guess fields.
Vaisala RS-80 radiosondes were the exception. The Vaisala
RSN93 radiation corrections on the Vaisala RS80-57H were
to be applied by field sites via the Vaisala SPU-11.
2. Accuracy requirements
The NWS requirements are based on data user needs,
vendors technical data, and what is feasible. Current quality
radiosondes are capable of measuring tropospheric
temperatures with standard errors ranging from 0.2 to 0.5
degrees C. In the stratosphere, accuracy can be equal to that
found in the troposphere but at pressures lower than 30 hPa,
accuracy generally decreases. The NWS requires
temperature error to not exceed 0.3 OC. The temperature
measurement shall be corrected for the effects of solar and
infrared radiation encountered during flight (NWS 2002).
Within the accuracy requirements, performance limits have
been agreed on (WMO No.8) data for synoptic use.
Performance limits have been set for which improved
temperature performance is not required (denoted by (A))
and the limit of error beyond which data obtained will have
limited value (denoted by (B)). Performance limits can vary
significantly from location to location and even seasonally
for the same location. Table 1 lists performance limits
where the values are standard errors in OC.
3. In-Situ Testing
Successful factory tests are not good indicators of how well
a radiosonde temperature sensor will perform in the
environment. Small errors over a flight can lead to large
errors in geopotential heights. The inclusion of these errors
and height calculations in the WMO coded message for
subsequent use by the NCEP as well as other International

centers can lead to data rejection. Height calculations are
determined from pressure, temperature and relative
humidity so the total height error is comprised of three
parts. The temperature contribution to geopotential height
errors can be significant. A temperature error of 0.25 OC
can lead to significant errors. Table 2 (WMO No.8) shows
geopotential height errors for selected Standard Pressure
Levels.
Table 1. Radiosonde Temperature Performance Limits
Region

Extratropical
Troposphere
Equatorial
Troposphere
Extratropical
Stratosphere

Equatorial
Stratosphere

Pressure
level
(hPa)

Upper
Lower
200
100
50
5
100
50
10
5

Synoptic
Use
(A)
(B)
0.15
2.0
0.15
0.15
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

0.7
0.7
3.8
1.4
0.7
0.9
2
2
3
3.5

Temperature
Range OC
-80 to +40
-100 to +40
-100 to +40
-100 to +50

-100 to +20

Table 2 . Errors in Geopotential Heights
Temperature Error
O
0.25 C

Geopotential Height
Error (GPM)

Standard and Significant Level
300 hPa

100 hPa

30 hPa

10 hPa

9

17

26

34

Flight testing against the NASA Three Thermistor
Reference Radiosonde (Schmidlin et. al., 1986) helps
determine in situ accuracy of the radiosonde temperature
sensor in day and night environments under the influence of
long and short wave radiation. It is further used to verify
the radiation correction algorithms employed by the vendors
to remove biases from their radiosondes measurements.
Radiation effects can be minimized through sensor design,
through the proper selection of sensor coating materials, and
proper boom design. Coating materials are required that are
highly reflective in the short wave spectrum and that have
low emissivity values in the infrared spectrum.
An example of same sensor technology, same coating
material different physical dimensions of the rod
thermistors different atmospheric readings is depicted in
Figure 1. The sensors are Sippican Rod Thermistors (one
the large rod and the other the small rod). The variation in

the lower atmosphere between the large and small rods is
not great although it is different. Above 30 hPa, the curve
on the upper right (small rod minus large rod) the sensors
depart from each other significantly. Radiation corrections
have not been supplied to these sensors. Until recently,
radiation corrections were not available for the small rod
thermistor. The NCEP has generated corrections for
application to these sensors.
2
small uncorr.(1) - large uncorr.(5)
large uncorr.(2) - large uncorr.(5)

In order to determine the correction required for a mid day
flight at the Sterling, Virginia, NWS upper air test site,
(Solar Angle about 50 degrees) for a Vaisala RS80-57H,
one radiosonde was tracked with one ground system and
through the use of a signal splitter, one set of data was
processed as mid-day and the other as mid-night. Figure 3
shows the normal correction difference between day and
night for the Vaisala radiosonde using the RSN93 correction
algorithm. The daytime data if uncorrected for temperature
from the Vaisala flight would have caused geo- potential
height errors as shown in Figure 4. Errors of as high as
170 meters would have resulted.
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Sterling Upper Air Operations
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Flight 1056 Date 3/25/2002
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Figure 3. Radiation Correction for RS80-57H mid-day
flight
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Figure 1. Daytime Difference of Sippican Large Rod vs
Large Rod and Large Rod vs Small Rod Thermistor.
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Figure 2 shows performance following replacement of a
VIZ B2 radiosonde with a Mark II radiosonde at an NWS
site. The temperature data were rejected from the surface
to 400 hPa and from 99 hPa to flight termination.
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Figure 4. Height Error without Radiation Correction for
RS80-57H mid-day flight

Figure 2. Charleston Temperature levels rejected by NCEP

While radiation corrections to thermistors are necessary,
they are based on averages and as such shift a bias in a
given temperature reading. They may often make
reasonable data worse. For this reason, every effort should
be made to minimize the radiation offset required for a
temperature sensor. This can be accomplished through
better sensor and boom designs and through better coatings
that mitigate radiation impacts. An example of this is

shown in Figure 5 contrasting the radiation correction
required for a Vaisala RS90 versus a Vaisala RS80
radiosonde. Through marked improvements in the RS90,
the radiation correction is quite small.

the exception of the first 600 hPa. From 600 hPa to 30 hPa,
the difference is relatively constant to 30 hPa and from 30
hPa to termination, the difference increases. Figure 8 is an
InterMet day flight. This flight is actually cooler than the
three-thermistor flight up to 400 hPa and becomes warmer
than the three thermistor sonde above 200 hPa.

Solar Radiation Corrections
Applied to Vaisala
Radiosondes

NWS Sterling Upper Air Operations
Six Flights - Five Day and One Night
Multi-Thermistor minus InterMet
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Figure 5. Radiation Correction by Pressure Level for RS80
and RS90 Mid-day Radiosonde Flight

Figure 6. Three Thermistor minus InterMet Flight Series
NW S Sterling Upper Air Operations
Flight # 184 TRS 102 -- Multi-Thermistor minus InterMet
Date: 8/7/01
Time: 21:57 L

4. Test Results
10

Intermet Flights
A composite of InterMet flights is shown in Figure 6. With
the exception of the night flight, the tropospheric temperatures are cooler than the three thermistor solution by 0.3 to
0.7 OC. This appears to be rather large. At this point since
we have a composite agreement on the day flights and the
same characteristic curve exists for the night flight, it is
possible that the white coating material is radiating strongly
in the short wave. The curves all have the same basic curve
except for the night flight with the profile that shows the
positive difference (cooler than three thermistor) through
the entire flight. The day flights have three distinct regions.
The surface to 500 hPa is characterized by cloudy conditions and high relative humidity, 600 hPa to 100 hPa is the
upper troposphere in the absence of clouds and above 100
hPa is in the stratosphere. This uncorrected sensor is highly
influenced by atmospheric conditions that may relate to the
long wave characteristics of the white coating material.In
Figure7 the InterMet night flight shows the radiosonde
sensor to be cooler than the three thermistor solution with
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Figure 7. Three Thermistor minus InterMet Night Flight
NWS Sterling Upper Air Operations
Flight # 185 TRS 102 -- Multi-Thermistor minus InterMet
Date: 8/7/01 Time: 12:32 L
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The NWS flew six and five NASA Three Thermistor
comparison flights of InterMet and Sippican GPS
radiosondes respectively. The purpose of this evaluation
was to compare how well the vendor’s sensors compared
with a reference standard and to evaluate the Sippican and
InterMet radiation correction routines under development.
Results from several flights are depicted. The flight results
do not incorporate the radiation corrections. The
temperature sensors are (small chips or beads) coated.
Sippican uses an aluminumized coating and InterMet a
white barium sulfate coating. In general, the deviations
from the NASA three thermistor system are small.
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Figure 8. Three Thermistor minus Intermet Day Flight

NWS Sterling Upper Air Operations
Flight # 173 TRS 101 -- Multi-Thermistor minus Sippican
Date: 8/3/01 Time: 13:12 L

Sippican Flights
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NWS Sterling Upper Air Operations
Five Flights - Three Day and Two Night
Multi-Thermistor minus Sippican
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Figure 11. Three Thermistor minus Sippican Day Flight
5. Conclusion
Three-thermistor in-situ testing is critical for determining
accuracy, bias, and required radiation algorithm assessment
for operational radiosondes. Current radiation schemes are
not all- weather.
The preliminary results from limited flight of the InterMet
and Sippican radiosondes against the NASA three
thermistor system are promising. The agreement is quite
good throughout the entire radiosonde flight. The
IntermMet sensor coating appears to be more susceptible to
lower tropospheric conditions.The results were from midsummer flights and may not be representative of flights
under different weather conditions.
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Figure 9 is a composite of three day and two night flights.
The five flights have shown uniform consistency in both the
troposphere and the stratosphere. The three day flights are
consistent with each other as are the night flights. The
aluminized coatings are providing a fairly uniform
day/night profile. Weather conditions during the flight
series were humid with cloudy conditions from 700 to 500
hPa over the period. The clouds and humidity Figure 10 is
a Sippican night flight. The difference of the temperature
from the three-thermistor solution indicates that the
performance is consistent with night flights. The difference
never exceeded 0.3 OC. The infrared is not impacting the
night flight. Figure 10 is a Sippican day flight. The
agreement is reasonable with the three thermistor solution
but once again, it is cooler than the three thermistor sonde
for the entire flight. This may be a long-wave emission
issue. Until we have the Sippican radiation correction
algorithm we will not be able to fully assess the
performance of the sensor.
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Figure 9. ThreeThermistor minus Sippican Composite
Flights
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NWS Sterling Upper Air Operations
Flight # 172 CV700 -- Multi-Thermistor minus Sippican
Date: 8/3/01 Time 20:47 L

10

The new temperature sensors and coatings mitigate
radiation impacts. With vendor refinements to the radiation
correction schemes we anticipate improved results.
Follow-on testing of the pre-production radiosondes against
the NASA three-thermistor reference will required to assess
the radiation algorithms the vendors are developing.
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1. Introduction
The National Weather Service (NWS) as part of
its qualification of radiosondes for network
operational use requires several levels of testing.
Factory calibration and environmental testing
provide a small but insufficient basis for
determining the operational characteristics of
radiosonde pressure, temperature, and relative
humidity sensors. The factory tests cannot define
how a sensor suite will operate in field
applications. The NWS uses functional testing in
atmospheric conditions to determine variability
between data sets of atmospheric measurements
made by two separate radiosonde instruments
exposed to the same environment at the same
time. A number of balloon ascents are made with
two of the same radiosonde types attached to a
flight train. The functional precision of the
radiosonde’s measurements are determined from
the time-paired differences between pressure,
temperature, and relative humidity conditions.
Data sets from equivalent systems have root mean
square of the differences as a measure of
variability. This measure of variability is termed
Functional Precision. For upper-air flight testing,
the data can be compared not only at the same
time but also at the same pressure. A number of
flights are made under various weather conditions
over the measurement range to determine whether
the radiosonde produces meteorological
measurements of adequate precision and operates
reliably in an operational environment.

Test results on the RS80-57H in the early1990s
led to use of the radiosonde in in operations. Over
the years changes have been made to the RS8057H.
The sensor suite on the RS-80 has a capacitive
pressure transducer. The temperature sensor is a
small capcitive bead encapsulated in glass. It has
a metallized surface to ensure minimum radiation
sensitivity and is used with the Vaisala RSN93
Radiation correction algorithms. The relative
humidity sensor (H-humicap) is a capacitive thin
film sensor.
2. Test Methodology
The NWS is currently conducting a follow-on
functional flight series on the Vaisala RS80-57H
radiosonde. The RS80-57H is an expendable
instrument package that is suspended below an
ascending balloon. The radiosonde measures the
vertical profile of pressure, temperature, and
relative humidity in the atmosphere and transmits
the data to ground by a 1680 MHz radio
transmitter.
Data from 40 dual radiosonde flights will be
evaluated. These flights encompass what is
termed four-season tests and are divided evenly
between day and night flights. For the purpose of
this report, a subset of 17 flights from the planned
40 dual flight series will be presented. All tests
are conducted at the National Weather Service
Sterling, Virginia test site.

2. Functional Precision Flight Series
3. Radiosonde Preparation and Release
In the early 1990s, Vaisala modified the basic
RS80 series radiosonde to be compatible with the
NWS 1680 MHz ground receivers (ART-1 and
ART-2). The ART 1 uses a GMD type
radiotheodolite and the ART-2 uses a WBRT
radiotheodolite. Differences between the systems
may on occasion result in differences in signal
strength and noise but do not induce biases in the
pressure, temperature, and relative humidity data.
The modified radiosonde, now identified as an
RS80-57H, is interfaced with the NWS ground
receiver and the NWS software through a Vaisala
Signal Processing Unit interface card (SPU-11).

An 800 or 1000 gram balloon is used with a flight
train consisting of two parachute, a 6-foot
styrofoam spreader-bar for separating two
radiosondes from each other, and 100 to 120 feet
of string for the overall train length. Figure 1
shows the flight train configuration for flying two
radiosondes simultaneously. Radiosonde
transmitter frequencies are adjusted so that
separation in the 1680 MHz band is sufficient to
eliminate frequency interference between
radiosondes.

determination would not be possible to determine
as the positive or negative sign of the differences
were a function of which radiosonde was
designated primary and which one was secondary.
Charts and graphs have been prepared for each of
the parameters. RMS values for pressure,
temperature, relative humidity, and geopotential
height are stratified by pressure level categories.
Histograms of the distribution of observations are
shown for each of the variables.
Pressure Results
Figure 2 shows the pressure RMSD difference by
pressure level. The greatest difference in the
pressure is in the boundary layer where the
radiosondes pressure sensors tend to be noisy and
have the greatest departures from each other. The
RMSD from the surface to 150 hPa is less than
the 2 hPa required and from 149 hPa to flight
termination is less than 1.5 hPa. Figure 3 is a
graphical depiction of the absolute differences
between radiosondes by frequency for all pressure
levels.

Figure 1. Flight Train Configuration for
Radiosonde Dual Flights
4. NWS Specification Performance Criteria

8 to 0
12 to 8

The RMSD for pressure is 2 hPa from
surface to 150 hPa and 1.5 hPa from 149
to 7 hPa.

16 to 12
25 to 16

P res s ure Range (hP a)

The Root Mean Square of the Differences
(RMSD) and frequency distributions of the time
and pressure-paired meteorological measurement
differences for all flights are combined. The
combined flights must meet the following
accuracy requirements:

42 to 25
59 to 42
84 to 59
119 to 84
164 to 119
245 to 164
415 to 245
589 to 415
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The accuracy for temperature is ∀0.3 C
O

Relative humidity ∀5 percent from +50
O
C to –60OC.
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Figure 2. Pressure RMS Differences versus
Pressure Range

To be compliant, 95 percent or more of the
Temperature Results
differences for any measurement parameter for all
flights must meet the specified allowable
Figure 4 is a plot of RMS differences of
differences.
temperature by pressure level categories. The
temperature data were corrected for radiation
5. Preliminary Test Results
effects using the Vaisala RSN93 radiation
correction algorithm. The results do not compare
Absolute values of the differences between
well with the performance requirement. The
radiosondes were used for the analyses for
difference is within the 0.3 OC to the 84 hPa level
pressure, temperature, relative humidity, and
and by flight termination the values approach
geopotential height. The absolute values were
1OC. At the higher levels, the sample sizes are
used since the radiosondes were equal. A bias
smaller which may have some bearing on the

larger differences. These differences may be
attributed to calibration of the temperature
sensors.
Percent Occurrence

50

Figure 5 is a cumulative frequency distribution by
absolute temperature difference intervals for all
flight levels. The requirement is that 95 percent
of the absolute values be less than 0.3OC from
each other. The data to date shows only 74
percent of the paired differences comply.
Differences of up to ∀0.8OC are required before
92 percent of the values are included. Clearly, the
temperature data are not meeting precision
requirements.
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Figure 5. Absolute Temperature Percent
Occurrence versus Temperature RMSD Interval
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Relative Humidity Results
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The relative humidity RMSD data as shown in
Figure 6 are less than the 5 percent called for in
the specification. The best agreement is in the
troposphere where the differences are less than
2.5 percent. In the stratosphere, the values are
generally 3 percent. Figure 7 is a histogram of the
absolute differences of the relative humidity by all
levels. Over 92 percent of the relative humidity
values are within the 5 percent threshold.
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Figure 6. Relative Humidity RMS Difference
versus Pressure Range.

Figure 4. Temperature RMS Difference versus
Pressure Range
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Figure 7. Percent Frequency Relative Humidity
Absolute Difference by Difference Interval

Figure 9. Percent Occurrence Geopotential
Height Differences by Difference Intervals.

Geopotential Heights

6. Conclusions:

Geopotential height differences consider the
combined differences for pressure, temperature,
and relative humidity. Two variables may agree
quite well and the third could be different and
cause geopotential height differences. The NWS
does not have a standard for agreement between
geopotential heights. Heights are reviewed,
however, as a measure of radiosonde
performance. Figure 8 is a pressure level versus
height difference in meters. The RMSD is less
than 40 meters from the surface through the 10
hPa level. Figure 9 is a histogram of geopotential
pressure levels.

Partial functional precision test series results on
the Vaisala RS80-57H show the temperature
sensor to be non-compliant with NWS
performance requirements. Twenty six percent of
the temperature values miss the requirement. The
pressure sensor exceeds the requirements as does
the relative humidity sensor when the RMSDs are
considered. Over 92 percent of the relative
humidity values are within the five percent
limits.The RMSD for geopotential heights is less
than 40 meters from the surface through the 10
hPa level.
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Introduction

China is making a sustained effort in improving the accuracy of the network measurements and
cost-effectiveness of radiosonde. A new generation of radiosonde has been deployed at Beijing station in
January 2002. The replacement plan of radiosonde and ground equipment of upper-air network will be
implemented in the next 3 years. In the meantime, the software of the mechanical radiosonde (GZZ2), which
is still used as a lead, has been updated significantly. The necessary corrections for various errors have
been introduced or revised to reduce the bias of upper-air measurements. The updated software has been
installed at 50 stations since July 2000 and extended to remainder stations since January 2001.
The software revision is based on long time investigations to various errors of the GZZ2 sonde. The
extensive investigations demonstrate that the factors affecting the bias of GZZ2 measurements can be
classified into objective and subjective types.
The objective factors:
z
The mechanical radiosonde had been eliminated in the world network except in China.
z
WMO uses the First Guess (FG) field of ECMWF instead of the analytical field (AN) as the reference to
monitor the quality of network. The biases from the FG are bigger than that from the AN.
The subjective factors:
z GZZ2 as a mechanical sonde has more radiation and lag error than sonde using electric elements.
z Due to much manual operation in the data reducing, only an average radiation error has been corrected
while the lag error has been left uncorrected.
z The cuprous chloride and magnesium battery placed in the up part of the sonde box has some thermal
impact on the temperature element.
z The suspension rope of the GZZ2 is only 12m long. Therefore the sonde is also suffered from the
thermal effect of the balloon.
z The aneroid capsule used by GZZ2 has appreciable temperature coefficient. The releasing comparisons
between GZZ2 and other high quality radiosondes had revealed that GZZ2 indicated lower pressure than
others.
The revision of GZZ2 software is based exactly on above-mentioned investigation results. The main
contents of revision involve amending the gn from 9.80 to 9.80665 ms-2, improving radiation correction
method, correcting the drift of pressure calibration, correcting the lag error of the temperature unit and
correcting the thermal effect of the sonde box and balloon to the temperature element.
A bilateral flight comparison was conducted in Zhengzhou of China between GZZ2 and Vaisala’s
RS80 sondes in March 1996. In order to remain the error characters of GZZ2, the two sondes were
suspended separately below two balloons and released simultaneously with a distance no more than 50m.
The comparison results showed that there were significant differences of geopotential height at standard
pressure levels between GZZ2 and RS80 and the differences were close to the WMO monitoring results of
(OB-FG) bias of GZZ2 for 1996 (Oakley 1998).
To verify and optimize the correction model of the new software, the correcting values were compared
with comparison flight data at Zhengzhou and with the monthly (OB-FG) biases of 13 stations scattered in
China for 1996 obtained from T. Oakley.
The following paragraphs illustrate the comparison results between the correcting values and bilateral
flight data at Zhengzhou and that between the correcting values and the monthly (OB-FG) biases of 13
stations for 1996. The effectiveness of the software revision will be verified through a extensive discussion
about the (OB-FG) bias variations of GZZ2 before and after correction, and the bias variations of other
radiosondes widely used in the world.
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Comparison between corrections and bilateral flight data at Zhengzhou

The thick line in figure-2.1 shows geopotential differences at standard pressure levels between GZZ2
and RS80 at 00Z and 12Z from bilateral comparison at Zhengzhou. The thin lines separated by the thick line
show the reliability limits of the geopotential difference by using the standard deviation divided by the square
root of the number of statistics. The symbol circles are correction values of the new software to the old one. It
is shown that the geopontential height of GZZ2 at 100hPa is 42m higher than that of RS80 in darkness (12Z)
and 70m higher in daytime (00Z). It is also demonstrated that almost all of the calculated correction values

fall in the reliability limits. That is to say the correction values are very close to the differences of actual flight
comparison between GZZ2 and RS80.

Figure 2.1
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Comparison between corrections of new software and results of Zhengzhou bi-comparison

Comparison between corrections and (OB-FG) bias for 1996

Figures-3.1 to 3.3 show the variations of geopontential biases of 13 stations at 100hPa with longitude,
months and latitude respectively for 1996 before and after correction applied.

Figure 3.1 Bias variation with longitude.

Figure 3.2 Bias variation with months.

Figure 3.3 Bias variation with latitude.

It is clear that the geopontential biases of 13 stations at 100hPa after correction have been reduced
significantly and are close to the ‘zero line’ and obviously unvaried with longitude, latitude and months.
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Verification of the effectiveness of the software revision

How is the situation of bias of Chinese network after the correction being applied? Following
demonstrates extensive analysis from various angles to the (OB-FG) statistics from 1988 to 2001 by WMO.
4.1 Variation of (OB-FG) biases of GZZ2 before and after software revisionFigure 4.1 shows the variation of
OB-FG biases of GZZ2 at 100hPa before and after correction. The data are from statistics of recent WMO
Rapporteur on Radiosondes Compatibility Monitoring, J. Elms.
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Figure 4.1 Bias variation of GZZ2
Figure 4.2 Bias variation of GZZ2 and RS80
It is seen that the biases for 50 corrected stations have been reduced 60 meters at third quarter and 40
meters at fourth quarter of 2000 respectively and have achieved the desired results. In addition, the bias
variation with season after updating of the software since January 2001 is less obvious than before. However,
the average (OB-FG) bias of GZZ2 is about –20m and not near the ‘zero line’. Whether the Chinese
measurements have been over-corrected or not? In order to finding out the truth, we have reviewed the
(OB-FG) biases statistics of some widely used radiosonde from different angles in the next paragraphs.
4.2 Biases of RS80 used in Hongkong and Taibei of China and Mongolia
Figure 4.2 shows variations of biases of RS80 used in Hongkong and Taipei of China and in Mongolia. It
can be seen that the biases of RS80 at 100 hPa are also near –20 m since 2000.

4.3 Variation of biases of some main radiosonde types
In order to check the stability of FG field, we have reviewed the (OB-FG) biases of some main types of
radiosonde used all over the world according to the (OB-FG) statistics of WMO since 1988.
Figure 4.3 shows the variation of (OB-FG) of RS80 (partly RS90) of Vaisala used in some areas.
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Figure 4.3 Variation of (OB-FG) of GZZ2 and RS80 at 100hPa(00Z)
It is shown that only the (OB-FG) of RS80 used in West Europe has a bias of±5m. In other areas, such
as Canada, USA (including Alaska), Australia, Malaysia, Vietnam, Singapore, Mongolia, Hong Kong and
Taipei of China, there are obvious and consistent variations of (OB-FG) of RS80 since 1988. Considering
the latest 2 years, the biases of RS80 used in various areas are within the range of 0 to –20m, and the bias
of GZZ2 is in the lower limit of the range.
Figure 4.4 shows the variation of biases of VIZ type sonde used in USA and other areas and Japanese
sonde. It is seen that VIZ type sonde has significant seasonal variation similar to GZZ2. And the average
bias in native land of USA has descended 10m since 1997. The bias variation of Japanese sonde is similar
to RS80 and GZZ2. However, the (OB-FG) in southern is 10-20m lower than that in northern Japan. The
biases of VIZ used in Thailand or VIZ type sonde used in Korea fluctuate significantly within a wide range.
Considering the latest 2 years, the (OB-FG) bias of Japanese sonde is also within the range of 0 to –20m.

Figure 4.4 Variation of (OB-FG) of VIZ type sonde at 100hPa(00Z)
4.4 Variation of (FG-REF)
As a results of the 84/85 WMO comparison experiments, a geopotential ‘reference measurements’ was
defined as the average of the geopotential measurements from the VIZ and Vaisala RS80 radiosonde during
darkness. This standard is referred as the WMO reference (REF) in the WMO statistics. However, the WMO
comparisons were conducted at limited areas and times. Therefore, now WMO uses FG of ECWMF as
reference in the statistics. Unfortunately, there are also errors in the FG field and the errors are varied with
areas and times. In the WMO Radiosonde Compatibility reports in 1989 (kitchen) and 1993 (Oakley), the
stability of (FG-REF) had been ‘calibrated’ by use of the (OB-FG) biases of some widely used radiosonde
types. In the 1989 report, the (FG-REF) value at 100hPa was 25m. But in the 1993 report, the (FG-REF)

value was down to 5-10m. This may be used to explain the upward variation of (OB-FG) values in the period.
In the 1998 report (Oakley), the (FG-REF) value was assumed within 5-10m according to the stable (OB-FG)
values of some widely used radiosonde types. Moreover, it was indicated by the Rapporteur that a change of
at least 10m in the overall systematic error in FG field should be considered. In the 1998 report, an exception
was indicated that the average (OB-FG) bias values for the fourth quarter of 1997 were more than 10m lower
than that for the previous years. Since 1995, more and more VIZ sonde were breplaced by Vaisala RS80 in
the North American network. The REF was defined as the average of the geopotential measurements from
the VIZ and Vaisala RS80 radiosonde during darkness as indicated before. Therefore the (OB-FG) bias
average of VIZ and RS80 used in USA perhaps reflects the variation of FG field to some extent. From figure
4.5, it can be seen that the average bias of RS80 and VIZ in 1995-1996 period was close to ‘zero line’, but
descended to –10m after 1997

Figure 4.5 Variation of (FG-REF) and the average bias of VIZ and VRS80
4.6 Summary of verification of correction
In summary, the (OB-FG) biases of world–wide radiosondes from 1988 have showed a significant
change only with an exception in West Europe. There was a high peak in 1995-1996 period, but the biases
dropped to the lowest in 1997-1998. It is obvious that this variation could not be attributed fully to the
changes of radiosonde or observation method and the FG field could not be assumed have zero systematic
error. However, considering the latest 2 years, the OB-FG biases of RS80, VIZ and Japanese sonde are
within the range of 0 to –20m. And the OB-FG bias of GZZ2 after correction is about –20m. So as a primary
judgment, the GZZ2 is assumed over-corrected about 10m. More monitoring results are required before a
reliable conclusion can be made.
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Conclusion

According to the WMO monitoring results of the (OB-FG) bias of GZZ2 before and after revision of
software, it is obvious that the software revision is effective to reduce the systematic bias of GZZ2. After
revision, the bias of GZZ2 is close to the biases of Vaisala RS80 and VIZ of US. In addition, the seasonal
variation of the bias of GZZ2 has been reduced notably.
To monitoring the quality of worldwide network just using FG field as reference seems not very ideal.
Except the bias of RS80 used in West Europe keeps to be stable, the variation of biases in other areas is
very significant and difficult to explain wholly by the changes of radiosonde or observation methods. Perhaps,
a comprehensive monitoring method using FG, and AN (analytical field) and others as reference will give us
a more ideal monitoring results.
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Differential GPS Radiosonde Observation System
Makoto FUJITA, Hideki MASUYAMA, Naoki KANEKO, and Hiroshi KANEKO
Meisei Electric Co., Ltd., Japan

ABSTRACT
In recent years, the Upper Air Observing System that uses GPS is used as an effective methods. GPS
receiving device in a radiosonde improves observation accuracy, allowing simplification of ground
equipment. This paper introduces the summary of the Upper Air Weather Observation System that
adopts the Differential-Global Positioning System (hereafter called D-GPS) and examples of observation
result that shows decrease of influence of swinging in flying and improvement of atmospheric pressure
value accuracy at a high altitude.
１. D-GPS radiosonde
In general, a Rawin radiosonde is
equipped with a pressure sensor for obtaining
the altitude. Since this Rawin radiosonde
system has not sufficient resolution of
pressure sensor in the Stratosphere that
exceeds 30,000 m, the accuracy of
measurement result at a high altitude is poor.
Therefore, a GPS receiving device in a
radiosonde allows accurate observation in a
wide range of altitude from near the ground
to
the
Stratosphere,
resulting
in
improvement of the defect of the pressure
sensor and also elimination of the pressure
sensor from the radiosonde.
Although SA(Selective Availability) was
released for the GPS satellite on May 2000,
the Differential Positioning System has been
adopted for the purpose of more accurate
position sensing. In addition, while a radio
wave from a GPS satellite may generally
cause a low accuracy due to Atmospheric path
delay or the like, this D-GPS system assures
high position accuracy regardless of weather
conditions.
２. Brief of the system
Figure 1 shows a system block diagram
of the D-GPS radiosonde observation system.
Photo 1 shows the appearance of the D-GPS.

Fig. 1 System block diagram

66W,150H,69D mm
Approx. 200g

Photo 1 D-GPS radiosonde

The G-DPS radiosonde observation system
consists of the following units:1) Transmitter (D(D-GPS radiosonde)
A small GPS receiving device with the
1

D-GPS positioning system is incorporated in
a radiosonde, and carrier in the band of 400
MHz is used to transmit observation data to
the ground by means of the PCM (Pulse
Coded Modulation),
The total weight of the D-GPS radiosonde is
approximately 200-gram;
2) Ground equipment
i) Receiving antennas
These consist of an antenna for receiving
a radio wave from the radiosonde and a
base station antenna for receiving a
radio wave from a GPS satellite;
ii）Receiver and processor
This consists of a GPS receiver on
ground station ,a 400 MHz band receiver
and its a PCM demodulator;
iii) PC
A personnel computer(PC) with the
Windows-2000TM operating system (OS)
allows display, storage, and printing of
observation data and output with the
weather report based on WMO- codes.
３. Result
3.1 Accuracy of positioning by DD-GPS
Figure 2 shows comparison data of point

Fig. 2 Accuracy of positioning

positioning GPS and Differential GPS.
This indicates static data in continuous
12 hours that was obtained on 5th ,Nov., 1998
by both radiosondes fixed to a spot without
any obstruction in the range exceeding the

elevation angle of 5-degree.
In this figure, the y-axis indicates the
East-West and the x-axis indicates the
North-South direction. While the point GPS
system shows displacement of approximately
100 m, the D-GPS system shows
displacement of only approximately 10 m,
resulting in improvement of positioning
accuracy of the radiosonde.
3.2 Comparison with Rawin radiosonde
The comparison was tested on 14, Nov.,
2001 at Meisei Moriya-Factory in Japan
where a balloon 2,000-gram in weight
(buoyancy of 4,000-gram) was used, both
radiosondes were connected to a connecting
rod 1.5 m long, and flight was carried out. In
this balloon, a launching rope 15 m long was
used for suspending the sondes. (See Figure
4) The radiosondes used for the comparison
test were Rawin radiosonde (Model RS-91)
that is used by Japan Meteorological Agency
(JMA) for daily routine observation and
D-GPS radiosonde (Model RS-01G). We
verified that the atmospheric pressure
observation data from the D-GPS radiosonde
allows observation with higher accuracy than
Rawin radiosonde even in the Stratosphere.
Figures 3 shows the observation data of
atmospheric pressure data in joint flight of
the Rawin-radiosonde with a pressure sensor
and the D-GPS radiosonde. The comparison
result of data between the Standard pressure
levels and the Mandatory altitude are shown
in Table 1. The differences between RS-91
and RS-01 altitude measurement are
approximated, the results of Mandatory
altitude indicates that accuracy in D-GPS
radiosonde is smaller than the Rawin
radiosonde that can be replaced.
Where, the atmospheric pressure value
from the D-GPS radiosonde is obtained by
calculating from the geometric altitude from
the GPS data, the air temperature obtained
from the radiosonde, and the humidity
sensor value.
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Fig.3 Difference between Rawin and D-GPS sonde

Table 1 Comparison between
Rawin-sonde and D-GPS sonde

Fig. 4 Scheme of comparison flight test

Fig. 5 Sample of the sounding ratio

3.3

High sounding ratio
Figure 5 shows a sample of the sounding
ratio in observation results with the D-GPS
radiosonde Observation System. The
sounding ratio means here percentage of
effective GPS data to the whole data in 60
seconds. Since low ratio obstructs normal
observation, increase of this ratio is
important.

3.４
3.４ Wind finding principle
The GPS receiving device in a
radiosonde obtains the direction and the
velocity of the GPS satellite from the
frequency deviation of radio wave from the
satellite due to the Doppler shift and
transmits the positioning information of the
radiosonde to the ground. On the ground,
reception of radio wave from the radiosonde
allows observation of wind direction and
wind speed in the upper air. Although the
wind finding techniques with automatic
Radio-theodlite system may cause an error of
3

elevation angle due to the surface of the sea
return when the radiosonde is far away, the
D-GPS radiosonde has solved this problem.
４. Other Features
4.1 Narrow Band Carrier
For D-GPS, Carrier of Narrow band is
used a quartz element is used in the
oscillator circuit and the PLL (Phased-locked
loop) circuit is adopted to divide 403.7 - 405.2
MHz into 16 channels in 100 kHz increments
with the occupied bandwidth of 30 kHz.
4.2 Storage of sensor parameters
The constants used for calculating
sensor parameters are electronically stored in
the D-GPS radiosonde together with the
radiosonde identification number.
The sensor parameters required for
observation can be automatically calculated
by receiving a radio wave from the
radiosonde before flight and storing the
parameters in a computer on the ground
equipment. This method eliminates human
errors in input of sensor parameters before
flight, allowing rapid and reliable operation.
５. Specification
5.1 Measuring range and accuracy
- Temperature
Measuring range: -90 to +45 °C
Accuracy:
+/- 0.2 to 0.5 °C
- Humidity
Measuring range: -0 to +100 % RH
Accuracy:
+/-3% RH (Std)
- Altitude
Measuring range: -100 m to not specified
Accuracy:
+/-5m or less (rms.)
- Wind Direction
Measurement range: 0 to 360 degree
- Wind velocity:
+/- 0.2m/sec (rms.)

-

Modulation:
PCM
Output signal: Frame Sync., Parameters,
GPS information, and T,U(Optional P)
Battery: Water-activated 7 to 9V
GPS receiver:
Digital 8 channels

５.3 Ground equipment
- Receiver: 400MHz-FM and 1.5GHz-GPS
- PCM demodulator: 19.2kbps
- Computer:
PC/AT or equivalent
- Operating System: Windows-2000
６. Conclusion
The D-GPS radiosonde Observation
System is a high-precision/resolution position
sensing system and a highly reliable upper
air observation system that has an added
algorithm for reducing influence from
swinging of a radiosonde in flight to improve
the sounding ratio.
Also the radiosonde does not require any
atmospheric pressure sensor, resulting in
realization of a radiosonde 200 grams or less
in weight including batteries. This allows
reduction of cost for flight including a balloon.
We expect that this upper air weather
observation making use of the advantage of
the D-GPS radiosonde will be spread widely.
Acknowledgement
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５.2 Transmitter
- Frequency:
Nominal 403-405MHz
- Output Power:
100mW
- Occupied band-width: 30kHz
- CCIR emission type: F1D
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Results of humidity sensor intercomparisons of new Russian
radiosondes
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Comparative laboratory tests of performance of new Russian radiosondes (RF95 and
MRZ-3AM) humidity sensors were carried out under support of Russian Federal Service for
Hydrometeorology and Environmental Monitoring (Roshydromet) on the request of the
manufacturer of radiosondes MRZ-3AM (JSC Метео, Ekaterinburg) at the enterprise KOMET of
Roshydromet in the period since August 2000 till April 2001.
Used on the Russian upper-air network radiosondes MARZ-2 and MRZ-3A utilize old
temperature and humidity sensors. And, while the temperature sensor, provided the presence of
accurate reference and the individual calibration, in principle allows reaching required accuracy of
measurement, the humidity sensor has intrinsic shortcomings not permitting to measure humidity
with required accuracy. It essentially concedes to the best foreign analogues on accuracy, a
temperature range and dynamic characteristics.
Humidity sensors of radiosondes RF95 /1/ - HUMICAP®. New Russian radiosonde RF95
utilizes modern microelectronic temperature and humidity sensors, manufactured by Finnish
company Vaisala for the worldwide known radiosonde RS80 (used on the 50% of the global
upper-air network) that has allowed improving by several times the performance of upper-air data in
comparison with radiosondes MRZ-3A (MARZ-2).
The sensor unit of radiosonde RF95 comprises capacitive microelectronic sensitive elements
of meteorological parameters and transducer, providing conversion of temperature, relative
humidity and, in general case, pressure of air into frequency of electric pulses repetition. Electronic
switch composes the complete telemetry signal, which is taken from the sensor unit output. The
humidity sensor presents a thin film capacitor with polymer dielectric. Thickness of polymer is
about 1 micron. The sensor is small (4 x 4 x 0.2 mm) and has a time constant no more than 1 s that
provides its fast response to ambient air humidity and temperatures variations. Temperature and
humidity sensors are placed together on the thin flexible support ensuring their proper exposure in
blowing airflow and electrical connections to the transducer.
Radiosonde RF95 has passed the certification tests and is used on the Russian upper-air
network since 1997. Nowadays it is launched routinely at 10 upper-air stations mainly in the NorthWest Region of Russia that, according to ECMWF monitoring statistics, positively influenced
corresponding upper-air data quality characteristics for the whole region. In relation to Russian
conventional radiosondes MARZ-2 and MRZ-3A performance, the root-mean-square deviations
(RMSD) and the maximum errors of RF95 temperature and humidity sensors are 2…3 times
smaller. In particular, the maximum permissible error under working conditions in humidity
measurements is less of 7 %RH. Range of measurement is extended to 0…100 %RH in the whole
range of working temperatures. The RF95 humidity sensor time constant is 10 times smaller than
one of the corresponding MARZ-2 and MRZ-3A sensors. Sampling rate was increased by 7…15
times.
Humidity sensors of radiosondes MRZ-3AM /2/. These radiosondes passed the first stage of
tests during 1994-1997 years, were reworked, have stood certification tests in 1998 and at the time
being are manufactured by short runs for the conducting of field tests.
Humidity sensor of radiosonde MRZ-3AM (DVR) comprises the sensitive element similar by
design to Vaisala humidity sensor and "capacitance-to-frequency" transducer. The sensitive element
presents a capacitor, formed by three electrodes, two of which (lower) are situated on dielectric base

and the third (upper) moist-penetrable one is placed over moist-sensitive coating above lower
electrodes and is not connected with them. It is designed as a plate 6 x 4 mm and 0.6 mm width,
fixed on semi rigid leads soldered to the lower electrodes. A capacitance of the sensitive elements
varies within limits of 120…180 pF with average sensitivity of 0.35 pF/%RH. The sensitive
element is incorporated into the "capacitance-to-frequency" transducer, assembled on 30 x 40 mm
PCB.
HUMICAP and DVR sensors took part in the abovementioned Phase I laboratory test of
WMO radiosonde humidity sensors intercomparison (Russia, 1995-1997 years) /2/. But afterwards
DVR sensor has undergone reworking and passed certification tests as a component of the
radiosonde MRZ-3AM.
Below are given some results of investigations of HUMICAP and DVR sensors' static
characteristics made using the references, equipment and comparison technique similar to utilized at
Phase I laboratory test of WMO radiosonde humidity sensors intercomparison in 1995-1997
years/2/.
The purpose of investigations consisted in a specification of characteristics of new Russian
radiosondes humidity sensors, an estimation of their conformity to requirements of the WMO Guide
to meteorological instruments and methods of observation and an evaluation of compatibility of
sensors of various types.
As the basic reference instrument, which was applied for the investigation of HUMICAP and
DVR sensors' static characteristics, it was used the dew-point hygrometer TOROS with the
following specifications:
a range of dew (frost) point measurements: -80…29 °C under environmental temperatures
-70…30 °C and pressures 1100…10 hPa
sensitivity:
0.01 °C
uncertainty:
±0.15 °C (dew point)
±0.3 °C (frost point).
The principle of operation of TOROS is based on the measurement of temperature of chilled
mirror at the time of appearance of dew drops or frost. Hygrometer TOROS was certified as a
reference instrument by the Russian State Committee on Standardization and Metrology in 1984.
Comparative laboratory tests were carried out under various regimes of temperature and
humidity. The common range of temperatures has been from plus 20 up to a minus 57 °C along
with humidity variations from 10 till 92 %RH. On the Fig. 1 are presented the results of HUMICAP
and DVR humidity sensors comparative tests as deviations of their readings from ones of the
reference hygrometer. Fig. 2 presents results of processing of comparative tests data as mean (bias)
and standard (RMSD) deviations for each sensor type according to temperature. As well, for
contrast on the Fig. 1 and 2 are presented in similar way the comparison results for goldbeater skin
(GBS) humidity sensors used presently in radiosondes MARZ-2 and MRZ-3A.
From results of tests it is received that radiosondes MRZ-3AM with capacitive humidity
sensor had 3…5 %RH bias regarding to the reference hygrometer and standard deviation reaching
5 %RH. The maximum registered value of deviation was 14 %RH at temperature 0 °C.
Nevertheless, approximately in 90 % of cases there were registered the deviations not exceeding
5 %RH, that meets to WMO requirements for the accuracy of upper-air measurements of humidity.
At the same time the bias of DVR humidity sensor has an obvious trend, which, apparently, is
caused by dependence of sensor's readings from temperature. It is necessary to note, that the further
work on improvement of DVR characteristics, concerning manufacturing techniques and
calibration, should be carried out towards both the accounting of temperature influence and
improving of reproducibility.
Radiosondes RF95 with capacitive humidity sensor had rather small values of an error under
all investigated temperatures. Bias has not exceeded 0.3 %RH with standard deviation reaching 1.5
%RH. The maximum registered value of deviation was 2.7 %RH at temperature 20 °C that is quite
compliant to WMO requirements for the accuracy of upper-air measurements of humidity.

Owing to parallel registration of GBS sensors readings during considered comparative tests, it
is of interest to compare their performance with one of new Russian radiosondes humidity sensors.
From the received results it is visible that GBS humidity sensors' bias exceeds an acceptable level in
10 %RH already at environmental temperatures about 0 °C. Besides, the GBS deviations from the
reference hygrometer has a significant trend which has been noticed also from the results of Phase I
laboratory test of WMO radiosonde humidity sensors intercomparison in 1995-1997 years /2/. The
maximum registered value of deviation was 37.5 %RH at temperature -57 °C that disobey to WMO
requirements for the accuracy of upper-air measurements of humidity. It is necessary to note also
the value of standard deviation in 7.5 %RH observed as well under the minimal temperature of the
tests.
Thus, from results of tests it follows that the performance of DVR and HUMICAP humidity
sensors is much better than one of GBS humidity sensors of conventional Russian radiosondes
MARZ-2 and MRZ-3A. Accuracy of radiosonde RF95 HUMICAP humidity sensors meets with
reserve WMO requirements for the accuracy of upper-air measurements of humidity. Accuracy of
radiosonde MRZ-3-AM DVR humidity sensors basically complies with the requirements; however,
it is necessary to carry out work on improvement of production technology and calibration
procedure. Results of static measurements of DVR and HUMICAP humidity sensors have shown
quite satisfactory compatibility and it is possible to hope that, after improving production process
and calibration of DVR humidity sensors, results of humidity measurements of new Russian
radiosondes will be quite compatible.
The described comparative tests didn't include investigation of dynamic characteristics as they
were quite in detail investigated in Phase I laboratory test of WMO radiosonde humidity sensors
intercomparison in 1995-1997 years /2/ and for the past period have not changed. Nevertheless, it is
necessary to mention that the dynamic, or lag, error can inroduce the significant contribution to a
total error of upper-air humidity measurements. At the same time obtainment of so low values of
the response time of HUMICAP sensor allows to realize opportunities of modern means of
receiving and processing of upper-air data and, in result, to provide the high vertical resolution and
accuracy of the results to meet any requirements of customers concerning content and formats of
outgoing upper-air messages /1/.
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Introduction
The purpose of this paper is to outline the potential for
improving knowledge of the distribution of water
vapour in the lower troposphere provided by the
measurements that can be derived from ground-based
measurements of navigation signals from the Global
Positioning System (GPS) satellites. This type of
measurements would appear to fit well into a future
design of the Global Observing system since it is able
to fill gaps in observations over the land where satellite
based measurements of water vapour prove difficult in
the lower troposphere.
As a new system, the potential costs of running
operations need to be assessed so that sensible choices
about the scales of deployment can be made.
The principles of operation of the system and the
challenges to be met in establishing regional networks
will be discussed.
Examples of current measurement skills will be
illustrated with observations in Europe from the COST
716 real time demonstration network.
GPS sensing technique
The time delay of a GPS signal from transmission to
reception at the ground is influenced by the state of the
ionosphere, surface pressure, vertical temperature
structure and the total water vapour in the atmosphere.
The influence of the ionosphere is usually cancelled
out by observing the differences in phase delay
between the L1 and L2 GPS frequencies. Then, if the
position of the satellite is known very accurately,
possible errors in the satellite clocks are identified and
the height of the ground based sensor is identified
accurately, then the total delay along the slant path to
the satellite caused by the atmosphere can be
computed. The GPS satellites change position
relatively slowly with respect to the ground sensor and
signals from a given satellite can be received for many
hours at a time. It is usually possible to receive reliable
signals from between 8 and 12 satellites distributed
over a variety of elevations and azimuth from the
sensor. In order to solve for the height of the sensor
and the total zenith delay it is necessary to observe
from several satellites along different slant paths (to
reduce height errors to acceptable values). A network
of sensors with some ground stations distributed along
baselines larger than about 500 km from the centre of
the network is also required.
Once the zenith delays are estimated along a variety of
slant paths from a given site, the values are mapped

into the vertical to yield a total zenith delay. This can
then be provided to the potential user to assimilate into
a numerical weather prediction model. The total zenith
delay can be converted into total water vapour if the
surface pressure and temperature are known. It is not
clear whether the numerical model background
temperature fields are sufficiently accurate to provide a
significant advantage in assimilating total zenith delay
or whether it is better to use total water vapour
estimates derived independently of the model fields.
A considerable research effort is attempting to derive
additional information about the distribution of water
vapour in the vertical utilising the individual zenith
delays along slant paths, particularly at low elevations.
This is most likely to work if many GPS ground–based
sensors are operated in a network with very small
network spacing (5km or less). Whether the results
obtained can justify the expense of all the sensors is yet
to be established, and I will not consider this area any
further in this presentation.
Network demonstrations
The GPS method of measuring water vapour was
discussed in Bevis et.al [1], and results from the first
proof of concept experiment GPS/Storm were first
reported in 1995, by Rocken et al [2]. Subsequently the
NOAA-GPS PW network was established by NOAA’s
Forecast System Laboratory in the USA. Japan has
undertaken extensive research and development using
the JMA GPS network, established originally for
seismological observations, Naito et al [3] and also see
the Report of N. Mannoji, CIMO Rapporteur on this
technique for CIMO-XIII. Within Europe various
research projects have contributed to the EC supported
COST 716 project “ Exploitation of Ground –based
GPS for Climate and Numerical Weather Prediction
Applications”. National research and development of
the technique continues in many other countries.
In late 2000 I was invited to chair the Working Group
of COST 716 tasked with establishing options for
future operational networks in Europe. This paper will
show the results that have been achieved in Europe and
review some of the problems associated with
establishing operational networks.
Real time observations
As noted above, it has been possible to demonstrate the
information content of the GPS water vapour
measurements since 1995, but this was usually on
observations processed a significant time after the time
of observation when the estimates of the precise orbit

positions of the satellites became available. It is only
within the last few years that the IGS (International
GPS Service for Geodynamics) has begun to issue
rapid orbital position estimates of sufficient quality that
the total water vapour estimates can be achieved with
time delays of less than 2 hours after observation. In
addition techniques for orbit estimation have now
developed to the stage that individual GPS processing
centres can also attempt to generate their own rapid
orbit estimates.
A second hindrance to real time network operation has
been that in many countries where GPS sensors have
been deployed for geodetic purposes, real time
communications to the sites were poor. Thus, the move
towards real time operations requires some investment
in communications infrastructure. It is not always
clear at the moment whether some GPS networks are
currently running in real time or where the networks
are being evaluated with observing system experiments
based on processing after the event.
Characteristics of total water vapour
The random errors associated with real time total water
vapour measurements over the UK are about 1 mm of
water vapour and systematic bias is of similar
magnitude. It is expected that these errors will not
differ widely with geographic location. Fig.1 indicates
the distribution of water vapour in the vertical for a
saturated pseudoadiabatic atmosphere, and the
dependence of total water vapour on temperature in
saturated conditions. This dependence on temperature
is quite strong, and leads to marked differences in total
water vapour across frontal systems, even when there
are no significant dry layers present.
When temperatures are cold, total water vapour is less
than 10mm even for saturation and a 1-mm error
corresponds to an equivalent relative humidity error of
greater than 10 per cent. However, in tropical
conditions with total water vapour higher than 60 mm
in many conditions, then 1mm random error offers a
random error in equivalent relative humidity of around
2 per cent, as good as can be achieved by the best
radiosonde system. Thus, this is a system, which could
be very useful for water vapour measurements in
equatorial regions given that the sensor site and
communications can be sustained.
Real-time Observations
The COST 716 Demonstration Network has built up
within two years to a situation where more than 100
sites are regularly supplying data for processing in real
time from more than 15 different countries. Most of the
resultant total zenith delays are being supplied to a
Data Assimilation centre within 2 hours of completing
the GPS measurements. All these processing centres
are from the geodetic community and for the future
some form of partnership will have to be organised if
operations are to continue. Fig.2 shows examples of
GPS signals received at Herstmonceux in southern
England and processed by several centres within
Europe. Total zenith delay and integrated water vapour

are plotted as a function of time for two days, with the
last data added within 2 hours of the nominal time.
Plots such as these can be obtained each day from the
relevant COST 716 web page maintained by KNMI,
(http://www.knmi.nl/samenw/cost716/ztd-iwv.html).
During this period the HIRLAM numerical weather
prediction model fields were similar to the
measurements at Herstmonceux.
Fig. 3 contains time series of measurements from 4
sites in early July 2002, when there were large
discrepancies between the model fields and actual
measurements over central France for most of the night
of 8 July. The situation at 12 UTC on this day over the
UK, France, Belgium and the Netherlands is
summarised in this plot of measurements from real
time GPS sensors. Note the very strong gradient in
total water vapour over the UK associated with lower
troposphere temperature change across a frontal
surface. This system gave very heavy rainfall over
parts of the UK that day. In France the low values of
total water vapour rose rapidly later in the day as a line
of thunderstorms moved eastwards from the coast. The
lowest values of total water vapour occurred just in
front of the thunderstorms and the high values once the
thunderstorms were overhead. These data were taken
straight from the web page and were not subjected to
any further editing. Similarly data from the majority of
the COST 716 stations were used to derive the estimate
of the total water vapour field shown in Fig.5 for 06
UTC in the morning on 19 July 2002. On this day, the
total water vapour remained lower than 20 mm over
France and Spain and much of Germany and
Switzerland. High values of total water vapour, 35 to
40 mm were found aligned north – south from Sweden
down to Croatia, associated with a trough, with a
smaller pool of higher values associated with a trough
over the Adriatic Sea. Later in the day thunderstorms
developed close to the regions of high total water
vapour identified.
Network development
Within Europe there are known to be large numbers of
GPS sensors that are not connected up in real time to
the current demonstration network. For instance, within
the UK there are more than 40 sites used for lighthouse
navigation, tide gauges and sea level measurements,
maintenance of the national grid reference for surveys
and university experiments associated with
communications infrastructure. To install 40 GPS sites
for operational use would cost far too much for the Met
Office in the current economic climate. However, if
some form of partnership agreement can be made with
these other institutions then it should be possible to
build a high resolution-observing network for water
vapour for the future. Fig.6 shows the distribution of
water vapour around a severe thunderstorm that moved
northwards over the UK, with the water vapour
produced using observations from a combination of
Met office and other institution sites. The air to the
north of the storm was saturated so that the gradients in
water vapour in this area represent temperature
gradients in the horizontal in the lower troposphere.

Analyses such as these have led Met Office forecasters
to request that data be delivered with a time lag of less
than 1 hour if possible with as high a resolution in the
horizontal that can be achieved without large scale
investment. Authorisation to develop the basis of an
UK GPS observing network has been given.

Acknowledgements: Real time data for the UK has
been made possible by the processing centre of the
Observatory of Pecny, Czech Republic. Internally
within the UK, IESSG, Nottingham University has
made available and processed data from sensors within
the UK for the detailed post processing studies.

Summary
Development of GPS water vapour sensing has
progressed to the stage where measurements of suitable
quality can be delivered in a timely fashion to users.
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Effective exploitation of the GPS technique requires
working arrangements to be established with other
agencies that deploy suitable GPS sensors, e g. for
geodesy, seismology, or land survey purposes.
Collaboration in processing observations needs to be
established, whether the processing centre is hosted by
a Met Service for a given region, or by a national
geodetic centre
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Fig.1 Distribution in the vertical of contributions to total water vapour for a saturated pseudoadiabatic atmosphere

Fig.2 Total zenith delay and associated integrated water vapour measured at Herstmonceux, south-east England, as
displayed on the COST 716 web page in real time for two days in February 2002, data processed by three different
processing centres and compared to HIRLAM model fields (grey line labelled NWP).

Fig.3 Near real time GPS IWV plots from COST 716 for 7 to 9 July 2002 from Herstmonceux and Camborne in
southern UK and two sites in central France see Fig.4

Fig.4 Water vapour around the UK, COST 716 only

Fig.5. Water vapour contours derived from COST716

Fig. 6 Water vapour distributions superimposed by hand on weather radar observations of a severe storm progressing
northwards into southern England. Grid for radar displays has spacing of about 23 km. Air to the north and west of the
storm is much colder than air to the east. Relatively strong winds were feeding into the storm from the south east, with
light winds at low levels to the north and west of the storm.
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Introduction
The Met Office UK has operated a semi-automated
long-range thunderstorm detection system since 1986.
Met Office staff designed and built this system which
observes vertically polarised lightning discharges
centred near 10 kHz. The waveforms received by 7
outstations with vertically oriented whip antenna are
assigned accuratearrival times. The flash discharge
waveforms are Fourier analysed and the information is
then transmitted to the central control station on
request. Time differences are obtained by correlating
the waveforms from the different outstations. Three
time differences, (satisfactory quality waveforms
received from a minimum of four outstations) are
required to compute a flash location. Errors associated
with each flash location are also estimated and reported
with the flash location. The system is designated ATD
(Arrival Time Difference) within the Met Office.
The ATD system was upgraded with a modern control
station between 1994 and 2000 see Nash, et al [1].
Observations are still circulated on the GTS using the
WMO SFERICS FM82 code, although this message is
a truncated representation of the much large number of
locations now being reported. Most of the European
near real time displays of lightning on the World Wide
Web are based on these messages. One exception is the
EUCLID site (www.euclid.org) where many national
lightning systems have been combined to provide
coverage over parts of mainland Europe, but with a
smaller service area than ATD. SFERICS code reports
were intended to identify the approximate location of
major centres of thunderstorm activity and do not
contain the precise location of the flashes. The precise
locations are forwarded at 5-minute intervals in a highresolution code to Met Office users and customers.
This paper reviews the progress made with the ATD
system since 2000. It will try to assess the service,
which can be offered by the system with its current
configurations and the expansion that would be
necessary to extend the system to provide more
complete coverage over South America and Africa.
Recent changes to the system
Continued development of ATD was required to
reduce operator workload on the system. The system is
now monitored by operations managers and not by
specialist operators. One system manager checks the
system configuration occasionally during normal
working hours but not at weekends. This method of
control was introduced in late 2000 and the system has
met its operational targets for delivery of observations

since that time. System problems in the outstations
limited the average rate of reporting to about 1000
reports per hour (24000 reports per day) until late
2001. As there are always thunderstorms within the
long-range service area, the system must run
continuously throughout the year.
Some ATD outstations have been moved because the
UK radiosonde stations where these receivers were
originally located have been closed. One station has
been moved from the east of England to Korppoo in
Finland and another from northwest Scotland to
Iceland. The Met Office acknowledges the help
received from both the Finnish Met Institute and the
Icelandic Meteorological Office in establishing these
new locations. It also acknowledges the co-operation
from Deutsche Wetterdienst in preparing to move a
third sensor from Bracknell to northern Germany. The
outstations have been moved away from the UK to
improve the stability of system operation at all ranges
and the detection efficiency over the UK. An ATD
outstation automatically lowers receiver sensitivity to
avoid saturation if thunderstorms are close. When most
of the outstations were grouped close together the
overall system detection efficiency would always be
significantly degraded when storms were widespread
across the UK. This is now avoided on most occasions.
The quality of the communication links to the sites has
been improved, particularly to the sites at Gibraltar and
Cyprus. Resolving communication problems used to
consume too much ATD operator time and the efforts
required have now dropped to acceptable levels.
Increased reporting rates led to three main problems in
the operational system. The system reporting rates
were not stable with time and this was traced to an
incorrect feedback loop. This was rectified in late 2001
and the number of flashes reported no longer oscillated
wildly with time. Average flash reporting rates
increased to around 40000 per day in early 2002
(compared to 7000 flashes per day before upgrade).
Reporting rates were still restricted because the
communications tasking at the outstations failed too
frequently at higher reporting rates. The location of the
error was traced and EPROM software was
implemented to reset communications when the
problem occurred. With this in place at all stations,
reporting rates have now been increased to on average
80000 per day. The increased rates of data processing
also caused a problem in the outstation data buffers.
With this fault traced and rectified in August, it should
finally be possible to move the system towards

reporting more than 100,000 flashes per day in
summertime conditions.
Checks on system performance
ATD detection rates near the UK are checked with the
output of the EA Technology system. This is a
magnetic direction finding system observing at 1 kHz.
It has high sensitivity to cloud to ground strikes in the
vicinity of the British Isles. During the summer of
2001, the ATD detection efficiencies for cloud to
ground strikes were estimated to be between 30 and 50
per cent. With very active thunderstorms, detection
efficiency dropped to about 15 per cent. In early 2002,
ATD rates of detection near the UK were close to those
of EA Technology, see Fig.1. On two days with small
numbers of flashes ATD detected much less than EA
Technology . On other days with slightly higher
activity ATD detected more flashes than EA
Technology. ATD continued to report similar numbers
of flashes to EA Technology with the higher rates of
lightning between April and June, see Fig. 2. The
increase in reporting rates to about 50,000 per day has
now brought the ATD system closer to the detection
efficiencies of other commercial cloud to ground
lightning services around the UK. Certainly, there were
only a few days where the effective detection
efficiency was significantly lower than 60 per cent.
Fig.3 shows two examples of ATD locations in central
Europe superimposed on infrared satellite pictures
from MeteoSat. Quite often the cloud to ground flashes
are located to one side of the anvil cloud (white areas
on the plots). ATD location accuracy is expected to be
better than 5 km across the whole of the area shown,
unless the error calculation indicates a less accurate
location than usual. Thus, although the infrared cloud
tops give some idea as to the location of cloud to
ground discharges, they cannot be used as a rigorous
method of determining the location accuracy.
Fig.4 shows that with reporting rates of about 40,000
per day and very few thunderstorms in Europe the
service area extended to western Asia, and also south
of the equator in Africa, (7 January 2002) and in South
America. With many thunderstorms in Europe on 26
April 2002, the service area still extended west to the
Caspian Sea, but did not extend below the equator in
Africa, although storms were still being located further
south in South America. If ATD locations are
compared with those from NOAA and Environment
Canada, it is seen that ATD has good thunderstorm
detection capability right up to the coast of North
America, and inland to the western shore of Hudson
Bay in Canada, but not inland over most of mainland
USA and northern Mexico. The location accuracy of
ATD close to the coast of North America was about 20
km. This was better than expected and indicates error
calculations associated with the ATD flashes tend to
overestimate the actual location error.
Figs. 5 and 6 show the coverage in South America and
Africa, with the number of thunderstorms in Europe
relatively high in July 2002, but with the reporting
rates now producing 80000 flash locations per day. In

South America, storms were still detected down to 20º
S. In Africa the sensitivity to thunderstorms dropped
rapidly in all areas south of the equator and between 0º
and 20º N further east than about 15º E . The
performance would differ from day to day depending
on the number of storms in Europe and South America
at that time of day.
A good method of judging the validity of ATD
coverage is by comparison with visible observations of
lightning from the Lightning Imaging Sensor (LIS) on
the TRMM mission, Christian et al [2]. This sensor
views the earth over a swath 600 km wide, with storms
in the field of view observed for about 90s at 6 km
resolution. Fig.7 compares ATD locations for the
nearest hour to LIS storm locations in two regions of
Africa, one in Brazil and one in Central America.
In North Africa, ATD readily identifies the storms
noted by the LIS and it is expected that ATD would
always report reliably in this area throughout the year.
In central Africa, ATD identified most of the storms
over Gabon and the Central African Republic.
However, in similar comparisons at night ATD was not
sensitive over this area because thunderstorms over
South America dominated the ATD service at night.
To provide a reliable service for central, eastern and
southern Africa at all times; three or four more
outstations are probably required south of the equator,
mostly in the Indian Ocean area. A reliable service
should be possible for all countries in north and West
Africa throughout the year with the existing system.
In northern Brazil, ATD for an hour indicated a wider
distribution of ground strikes than would have been
deduced from the LIS sample. This is a preferred area
for propagation of long range signals towards Europe
and ATD can now provide a viable service at all times
of the year. The same is true for Central America and
the Caribbean where the location of LIS and ATD
measurements clearly agree well on this scale of
projection. Reducing location errors to less than 20 km
requires investment in two or three more outstations.
Conclusion
The ATD lightning detection system has currently been
improved to the level that it can offer a viable
thunderstorm detection service to Central America, all
of the Caribbean, and most countries north of 20º S in
South America. Similarly, a service can be offered to
all countries in Europe, most in western Asia out to 60º
E and all countries in West and North Africa.
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Fig. 1 C to G lightning locations reported by ATD
And EA technology over the UK and surrounding areas
same service Area , January to March 2002

Fig. 2 Scatter plot of the number of reports in a day
reported by the UK systems. January to June 2002;
solid line indicates detection rates the same,
dashed line ATD Detection rate 30 per cent of EA Tech

Fig.3 ATD lightning locations [black squares] over central Europe superimposed on infrared geostationary MeteoSat
image for 13 UTC on 15 July, and 00 UTC on 16 July 2002, lightning sampled for 20 minutes before the satellite scan.

Fig. 4 Examples of distribution of ATD locations over two hours, working at high gain on 7 January 2002 and moderate
gain on 26 April 2002

Fig.5 ATD locations over South America on 15 July 2002

Fig 6 ATD locations over Africa on 15 July 2002

Fig. 7 Comparisons between ATD locations and LIS satellite sensor on the NASA TRMM mission. LIS samples all
types of discharge for about 90 s. ATD is detecting the stronger cloud to ground discharges, here for an hour
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1.

Introduction

Global Atmospherics Inc. (GAI) installed a Lightning
Detection and Ranging (LDAR II) network for research in
the vicinity of the Dallas-Fort Worth International Airport
(DFW) in Texas, USA. The network began operation on
1 March 2001. LDAR II builds upon the VHF detection
technology first developed at NASA Kennedy Space
Center (Maier et al., 1995) called the Lightning Detection
and Ranging (LDAR) network. It was modified at the
New Mexico Institute of Mining and Technology (Rison
et al., 1999) into the Lightning Mapping Array (LMA).
LDAR II lightning networks detect all types of cloud
lightning and cloud-to-ground (CG) lightning with an
expected flash detection efficiency of greater than 95%.
The ability of LDAR II to map these lightning flashes in
three dimensions, coupled with its high flash detection
efficiency, allows a complete three-dimensional
reconstruction of a thunderstorm’s lightning production.
LDAR II data show promise for a wide range of
applications, especially in meteorology, aviation, and
atmospheric electricity. Data from this network have
been compared with CG lightning flashes from the U.S.
National Lightning Detection Network (NLDN®) and
WSR-88D base reflectivity images.
This paper summarizes recent LDAR II research in
the DFW area. Lightning channels have been detected
that initiate within convective cores and propagate up to
190 km in length.
Such flashes have obvious
implications for air and ground safety.
LDAR II
signatures have also been found within tornadic
supercells and radar-detected gust fronts.

2.

Figure 1. Map of DFW LDAR II network sensor sites. Each site
is represented by a triangle and its identifier. Texas
county boundaries and names are also shown.

in the network interior, and better than 2 km to a range
of 150 km from the center of the network. A more
complete description of LDAR II is in Cummins et al.
(2000).
The NLDN detects CG lightning with a flash
detection efficiency of approximately 90% and a median
location accuracy of 500 m (Cummins et al., 1998). The
radar data used in this study consist of Fort Worth WSR88D base reflectivity images.

Data

The DFW LDAR II network has 7 sensors on a
baseline of 20 to 30 km (Figure 1). These sensors
detect pulses of radiation produced by the electrical
breakdown processes of lightning in 5 MHz VHF bands
that have center frequencies between 61 and 64 MHz.
These pulses of radiation are used to reconstruct the
path of individual cloud and CG lightning flashes in three
dimensions. The DFW LDAR II network maps lightning
flashes in three dimensions within approximately 150 km
of the center of the network. LDAR II flash detection
efficiency is expected to be greater than 95% within the
interior of the network (a range of 30 km from DFW),
and greater than 90% out to 120 km from the airport.
LDAR II location accuracy for individual pulses of
radiation is expected to be between 100 and 200 m with-

3.

Spider flash on 17 August 2001

Figure 2 shows the intricate three-dimensional
structure of a lightning flash detected by LDAR II on 17
August 2001. This lightning flash initiated about 40 km
east-southeast of DFW airport, and propagated in a
westward arc. It terminated 25 km to the south of the
airport, as shown in the plan view in the largest panel of
Figure 2. A total of 337 LDAR II radiation sources were
detected along its path of about 100 km. The two
vertical cross-sections of Figure 2 show that this flash
mainly propagated in the middle to lower troposphere
(below 10 km). According to the NLDN, this flash
produced four isolated CG lightning flashes along its
path. The final positive CG flash injured a ground
worker at the DFW airport.

Figure 2. Spider flash detected by DFW LDAR II network during one second on 17 August 2001 starting at
1515:38 UTC. Dots are LDAR II sources that are shaded lightest at the start of the time period to dark at the
end. CG flashes from the NLDN are positive or negative signs, depending on peak current polarity. Top
panel: Altitude versus time. Lower left: Latitude versus longitude. Lower right: Latitude versus altitude.
Second panel from top: Longitude versus altitude. Smallest panel: Altitude versus source frequency.

4.

LDAR II compared with WSR-88D and NLDN
during intense squall line

An intense squall line moved through the DFW
area on 15 June 2001. Figure 3 shows the LDAR II
sources detected over a five-minute period. Baseballsized hail and straight-line winds over 113 km/hr were
reported as the squall line moved through north Texas.
LDAR II detected 105,212 sources during this 5-minute
interval in a southwest to northeast line. A smaller line
of thunderstorms was merging into the southwest end of
the squall line. In addition, smaller cells were merging
into the squall line northeast of Dallas.
The Fort Worth WSR-88D base reflectivity image is
shown by Figure 4 at 0054 UTC, in the middle of the
five-minute time period of Figure 3. The leading
convective portion of this squall line is well defined by
reflectivity over 45 dBZ. The trailing stratiform region
associated with the squall line extends on radar to near
Ardmore, Oklahoma. But this radar area is smaller than
the area covered by LDAR II sources in Figure 3. In
this case, base reflectivity did not detect the
thunderstorm hazard region as fully as did LDAR II.
The WSR-88D base reflectivity also shows the smaller
line merging into the southwest end of the squall line,
and the smaller cells merging into the line just east of
Dallas.

Figure 3. Same as Figure 2, except for all flashes from
0051:30 to 0056:30 UTC 15 June 2001.

Figure 4. Fort Worth WSR-88D base reflectivity image from
0054 UTC 15 June 2001. Grayscale key for reflectivity is
on the left. (Image from The Weather Underground,
2001, www.wunderground.com).

NLDN flashes in Figure 5 clearly delineate the
southwest-northeast squall line and other features
shown by LDAR II during the same five-minute period
(Figure 3). As with radar, LDAR II gives a more detailed
picture than the NLDN of the true two-dimensional
spatial extent of lightning activity associated with this
squall line, especially in the trailing stratiform region.
The NLDN detected about 30 CG flashes between the
leading convective line and the Oklahoma border,
whereas LDAR II detected thousands of sources. The
major reason for this difference is the ability of LDAR II
to detect a large number of radiation sources within
both cloud and CG flashes.

Figure 6. Altitude versus time plot of the two-minute LDAR II
th
95
percentile altitudes from a tornadic supercell
northwest of Fort Worth from 2320 UTC 12 October 2001
to 0130 UTC 13 October 2001. F2 tornado times are
shown by triangles at 0050 and 0100 UTC.

5.

A supercell thunderstorm produced two F2
tornadoes within 100 km of the center of the DFW
LDAR II network on 12-13 October 2001. An altitude
analysis was performed on this supercell as it
propagated to the northwest of Fort Worth between
2320 UTC 12 October and 0130 UTC 13 October.
The analysis involved tracking the 95th percentile
altitude of LDAR II sources (near the top of the lightning
activity) during 2-minute intervals throughout this time
period (Figure 6). This measure of the altitude of the
top of the lightning activity remained quite constant
between 14 and 15 km during the first 80 minutes.
However, at 0040 UTC 13 October, a substantial
decrease occurred 10 minutes prior to the first report of
an F2 tornado with this storm at 0050 UTC. The
descent continued until 0056 UTC when the altitude of
the lightning top reached a minimum of 12 km. Four
th
minutes later at 0100 UTC, while the 95 percentile
altitude was still at 12 km, a second strong F2 tornado
was reported.
6.

Figure 5. CG flashes detected by the NLDN within 200 km of
the center of the LDAR II network from 0051:30 to
0056:30 UTC 15 June 2001. CG flashes are indicated by
black diamonds. LDAR II sites as in Figure 1.

LDAR II altitude changes in a tornadic supercell

LDAR II sources relative to gust fronts

The DFW LDAR II network has detected a
previously undocumented lightning signature in several
squall lines that passed through the DFW area. The
signature consists of flashes that are generated in the
leading convective portion of a squall line, and
propagate 10 to 45 km ahead of the line. Some flashes
coincide with a portion of the squall line’s gust front,
others terminate before reaching the gust front, and still
other flashes reach ahead of the gust front.
Figure 7 shows an example of this phenomenon
between 0205 and` 0207 UTC on 13 October 2001.
LDAR II sources associated with several flashes
originated in the highest reflectivity portion (not shown)
of the squall line. The flashes then propagated out of
the strongest convection, and formed an arc-shaped
line that is apparent in Figure 7 to the east and
northeast of the main line of storms.

Figure 7. DFW LDAR II lightning radiation sources detected between 0205 and 0207 UTC 13 October 2001. LDAR II sources
are shaded with cold colors at the start of the time period to warm at the end.

8.

Conclusions and future work

The ability to view practically all lightning within a
given thunderstorm, in the vertical as well as in the
horizontal, has lead to new insights about lightning
production in severe thunderstorms. Vaisala-GAI is
continuing LDAR II meteorological applications research
in several areas including the following:
•
A large emphasis is being placed on the
relationships of LDAR II source altitude trends and
cloud lightning flash rates to both severe and
nonsevere thunderstorms.
•
Spider lightning - flashes that extend tens of km in
length with many branches - will continue to be
investigated. Rates detected by LDAR II may
exceed 5 flashes per minute over extended periods
of time within strong thunderstorms and squall
lines. In the majority of cases, the spatial extent of
lightning activity defined by LDAR II is much larger
than the area defined by high radar reflectivity (>30
dBZ) and CG lightning data. LDAR II data have
been observed as far as 40 km outside the area
defined by CGs.
•
The utility of spider lightning flashes as a tool to
detect and forecast thunderstorm maturity will also
be investigated.

•

LDAR II lightning sources will be explored to help
define which radar reflectivity thin line features
represent gust fronts and which do not.

9.

References

Cummins, K.L., M.J. Murphy, E.A. Bardo, W.L. Hiscox,
and R.B. Pyle, 1998: A combined TOA/MDF
technology upgrade of the U.S. National Lightning
Detection Network, J. Geophys. Res., 103, 90359044.
—, M.J. Murphy and J.V. Tuel, 2000: Lightning detection
methods and meteorological applications. IV
International Symposium on Military Meteorology,
Malbork, Poland, September 25-28, 85-100.
Maier, L., C. Lennon, T. Britt and S. Schaefer, 1995:
LDAR system performance and analysis, in
Proceedings of the International Conference on
Cloud Physics, Amer. Meteor. Soc., Boston, Mass.,
Dallas, Tex.
Rison, W., R.J. Thomas, P.R. Krehbiel, T. Hamlin, and
J. Harlin, 1999: A GPS-Based three-dimensional
lightning mapping system: Initial observations in
central New Mexico, Geophys. Res. Lett., 26,
3573-3576.

USE OF A LOW-TROPOSPHERIC WIND PROFILER WITHIN AN URBAN
ENVIRONMENT
Dominique Ruffieux, Noemie Tharin, Heinz Berger
MeteoSwiss, Aerological Station, CH-1530 Payerne, Switzerland
Tel. : +41 26 662 6247, Fax. : +41 26 662 6212
Email : dominique.ruffieux@meteoswiss.ch
1.

Introduction

Within the European COST715 Action “Meteorology Applied to Urban Air Pollution
Problems”, the Swiss “BUBBLE” (Basel UrBan Boundary-Layer Experiment) project was
elaborated in order to better understand the urban climate of the city of Basel. A
combination of in-situ and ground-based remote sensing systems were operated
continuously from July 2001 until end of Summer 2002. These data will be intensively used
to run meteorological and chemical models. MeteoSwiss participated at BUBBLE by
setting a low-tropospheric wind profiler next to the center of the city.
The wind profiler (Ecklund et al., 1988) is an active ground-based remote sensing system
which can be affected by various types of contamination (Wilczak et al, 1995). The setting
of this system within the urban domain was the opportunity to demonstrate the potential of
such instrument to correctly operate in such an environment. Preliminary analysis of wind
speed and direction, vertical motions as well as signal-to-noise ratio are presented for a
cloud-free day case.
2.

Topographical situation
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The 200’000 people city of Basel is located in the Rhine Valley, in the northern part of
Switzerland. It is surrounded by the Jura mountains to the South, by the Black Forest in
Germany, and by the Vosges Mountains in France (Figure 1). The 1290MHz wind profiler
(Ruffieux, 1999) is set next to downtown, within a densely constructed area.
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Figure 1. General topographical situation of Basel (left panel) and location of the wind
profiler within the urban network (right panel, white circle).

3

Case study

To illustrate the potential of a wind profiler to measure the wind within an urban
environment, a sunny Spring day was chosen: 17 May, 2002. The air temperature time
series from both downtown and a rural site (a few kilometers apart) is shown on Figure 2.
A general urban overheating of 2-3 degrees can be observed this day.
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Figure 2. Two-meter temperature time series, 17 May, 2002. The solid line represents
downtown (Spalenring, at 3 m agl), the dashed line a rural site (Lange Erlen, at 2 m agl),
and the dotted line the difference.
The wind profiler 30 minute time series of wind speed and wind direction for the same day
(Figure 3) shows the temporal evolution of the flow above Basel. A WSW stable regime
can be noticed above 1500 m msl, while a variety of topographically influenced flows are
developing below: a nighttime weak SE to S wind is followed, at 13H00 UTC, by a typical
thermally forced W flow lasting until the evening. The analysis of the maximum signal-tonoise return is drawn on the same Figure: they are representative of a nocturnal residual
layer (A) and of the development of the daytime convective planetary boundary layer (B).
The zone (C) corresponds to the period of maximum intensity of SNR and may be related
to an urban effect (increased turbulence).

B

A

C
Figure 3. Time series if wind speed and wind direction, 17 May, 2002. The bold solid lines
accompanied with letters represent the altitude of maximum signal-to-noise returns and
correspond to characteristic heights (see explanation in text).

A re-processing of the raw wind profiler data (Ruffieux et al, 2001) allows to increase the
temporal resolution of the consensed wind components. The 10 min. time series of vertical
motions for the 300 m agl level and for the same day is shown in Figure 4.
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Figure 4. Time series of vertical motions measured at 300 m agl, 17 May, 2002.
Consensus time is 10 minutes.
At 300 m agl, the vertical motions vary both in sign and amplitude, independently from
speed and direction of the flow. It is interesting to note the significant change between the
morning and the afternoon which is characterized by a higher variability.
The day can be divided in four sections with the night time period (00H00 to 06H00), the
morning period (06H00-12H00), the afternoon period (12H00-18H00), and the evening
period (18H00-24H00). By averaging the vertical motions for these four periods, a mean
profile of the w-component can be obtained (Figure 5).
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Figure 5. Mean and standard deviation (STD) profiles of vertical motions, 17 May, 2002.
Nighttime is shown on the upper left panels, morning time on the upper right panels,
afternoon time on the bottom left panels, and evening time on the bottom right panels.
The 2000 m agl limit corresponding to the top of the CBL (see Figure 3) can be detected
on the mean profiles of the daytime and evening time of both the means (morning and
evening) and the standard deviations (afternoon).

4

Summary

This preliminary analysis based on one clear day of wind profiler measurement showed
the potential use of this type of data in order to detect the temporal evolution of the flows
and the various layers typical for an urban environment influenced by the topography. The
passage from the nighttime easterly regime to the convective westerly flow within the first
1500 m agl is well described by the wind profiler. The analysis of the vertical motions
measured during the same case study showed various behavior -in speed (positive and
negative) as well as in variability- depending of the period of the day. Further combination
of both in-situ and ground-based remote sensing systems (wind profiler and lidars) should
permit a good characterization of the heat island of the city of Basel.
5
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UK Wind Profiler Network: Preparation for operations and future requirements
Oakley, Tim & Nash, John
Met Office, Bracknell, Berkshire, UK
+44 (0)1344 855644 , +44 (0)1344 855897 (Fax), tim.oakley@metoffice.com

Introduction.
The Met. Office operates four LAP3000 boundary layer wind profiler radars in the UK, located at Camborne
and Dunkeswell in the South West of England, Aberystwyth in Wales and Wattisham on the East coast of
England. A development project was tasked with demonstrating the capabilities of such a network and
preparing the systems so that they could report wind measurements at a suitable quality and real time
availability to be considered operational. From February 2001 observations from these sites have been
routinely assimilated in the UK Met Office’s NWP models . The hand over process to operations will be
completed during 2002.
Network.
Figure 1 details the current wind profiler network in the UK. Originally the sites were selected on the basis of
providing a suitable ‘demonstration’ network ( approx. 100km separation) for investigations but should also
have some existing infrastructure (reduced installation costs) and other instrumentation. Sites at Dunkeswell
and Camborne (see Fig. 2) were selected as these were Met Office sites with existing surface/upper-air
instrumentation and communications. Aberystwyth is a university site with a 46MHz wind profiler, which the
Met Office have a contract for routine wind measurements. This site was selected to install the ‘development’
system, which would be used for testing new software/hardware, temporary relocation for trials/research
campaigns but also providing routine observations for operations. The Wattisham system was originally
installed at Pendine (South Wales), a site equi-distant between Abersytwyth and Dunkeswell. However as
agreed in the hand over to operations process, the instrument was relocated to the East of the UK to provide
wind measurements in the vicinity of a radiosonde station (Hemsby) which was being closed as part of an
automation project.

Figure 1.
UK Wind Profiler
Network 2001

The original ‘lease’ wind profiler was operated at 915MHz as this was the normal frequency for operations in
the United States. In the UK this frequency is controlled by the Ministry of Defence and hence was available
for use by the Met Office. Use of this frequency elsewhere in Europe is not possible. When the wind profiler
network was expanded in 1999, the new systems were chosen to operate at the agreed European frequency
of 1290MHz. Although maintaining systems at 2 frequencies has a higher maintenance cost, it has enabled
the Met Office to compare the performance of the two systems. Subsequently it was discovered that both
frequencies have restricted use in certain areas of the UK, due to other systems operating in the same band.

Figure 2 – Wind Profiler installed at Camborne, UK

Data availability and quality.
All wind profiler systems communicate in real-time, every 30 minutes, with the processing centre at
Bracknell. Here the BUFR messages are processed and archived and routed to operations for NWP
assimilation’s and dissemination on the GTS. Real-time displays (wind barbs) are provided on the Internet for
forecasting/nowcasting use. Figure 3 below provide details of the data availability of the 4 systems since the
beginning of 1999. Initially, whilst the network was running more as a demonstration, there were significant
data loss due to hardware problems and lack of sufficient spares. However once the instruments had
overcome the initial ‘start-up’ and improved infrastructure was in place, the availability improved significantly.
Most of the problems occurring in the last year are related to communication failures (i.e. line faults) or to
computer failures. This can be further improved by a greater redundancy of equipment (i.e. hot spares) but
this will increase the running costs. The policy in the UK is to create an integrated upper-air observing
network, whereby additional observations provide the redundancy in the event of a system failure. This
should reduce the urgency to repair the equipment in the shortest possible time and the need to have
extensive spares.
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The wind measurements from the 4 UK systems have been available routinely to the operations (both NWP
& Forecasters) since early 2001. Initially the measurements were only compared with the model fields both
to demonstrate the quality of the measurements and for case studies to highlight the benefits of the
additional, high temporal wind data. After a 12-month verification exercise, it was agreed that from February
2001 the UK wind profiler data (and associated European data) could be assimilated into the UK Global and
Mesoscale models. Regular observation minus background (O-B) statistics are produced on a monthly and
quarterly basis so that the performance of the systems can monitored. The table below details RMS
statistics for the 3 wind profiler sites at Camborne (03807), Dunkeswell (03840) and Wattisham (03591). The
statistics for the MST radar at Aberystwyth (03500) are included as a comparison. It can be seen that all
systems have a similar performance ranging from 3 - 5.8m/s RMS differences. Higher values are observed at
the upper levels for the boundary layer profilers, here the systems are invariable at the extent of their height
range and the sample sizes are much smaller.

Hand over to operations.
After the success of the demonstration wind profiler network , a process needed to be agreed to transition
these systems from development to operations. Although the procurement of these instruments did address
the data requirements, build quality and system features of the wind profilers, additional, more operational
issues were not addressed. Thus a transition document/process needed to be agreed to address the
following issues:
•
•
•
•
•
•
•
•
•

Standard of installations.
Communications.
Technical support.
Technical training.
Documentation.
Spares.
User training.
Long term support.
Data archives

(electric’s, earthing, cabling, must meet Met Office standards)
( operational and support by central IT/Comms. group)
( level of support provide by maintenance group and manufacturer)
( level of training to engineers and network managers)
( full documentation for ISO9000 etc.)
( agree suitable spares level + service level agreement)
( training forecasters in the use of the data)
( development support for testing/implementing new software/hardware)
(archiving policy and data access policy for research/commercial)

A number of these items were addressed during the demonstration phase and the target is to have these
systems considered fully operational by the end of 2002. However this ‘hand over’ process is a complex
programme requiring significant resource and is often overlooked when initiating projects and instrument
trials for future observing systems.

Future
Figure 4 gives details of the UK Upper Air network planned for the end of 2002. Only two radiosonde stations
will be staffed full time. Each of these stations will be responsible for checking and controlling the
measurements from 2 Autosonde locations. The wind profiler on South Uist (NW of mainland Scotland) is
planned to be in operation by the end of 2002. It will be a tropospheric wind profiler operating at 64MHz. It is
the first Met Office wind profiler, which has been procured as a fully operational installation, supported for a
period 10 years.

Figure 4 – Proposed UK Upper Air
Observing Network by end 2002

2 Radiosonde & 4 Autosonde Stations
Supplementary Radiosonde Station (IRREG)
Wind Profiler

Among other advantages, wind profiler measurements provide network resilience in times of severe weather
when Autosonde/Aircraft measurements might not be available. Real time, integrated, display of wind reports
from radiosonde, aircraft’s and wind profilers have been developed to demonstrate this. These displays act
as an important diagnostic tool for checking data quality and also investigating the mesoscale structure of
upper air winds. At present these types of displays have not been fully developed for operational use and
network management and are only updated twice per day.
The Met Office has also started to evaluate the benefits of additional remote sensing instrumentation
collocated with the wind profilers. A real-time network of 8 GPS Water Vapour instruments is functioning, a
relatively cheap 78GHz fmcw cloud radar has been developed in collaboration with the Rutherford Appleton
Laboratory to provide a proof of concept ‘prototype’ and a 12 Channel Microwave radiometer has been
initially deployed at the Camborne test site. The purpose of the current projects is to understand the
measurement capability of the individual systems and then to investigate how the different types of
measurements can be combined to provide profiles of temperature and humidity and cloud structure in the
most cost-effective fashion. This will involve performing test evaluations with a more complete set of sensors
than may be necessary for future operations.
It is clear that future ‘operational’ networks of integrated products not only rely on a detailed understanding of
the remote sensing measurements (both real and derived) but also development and investment in reliable,
real time communications and automated software displays tailored to the users. Work to develop the
required infrastructure and software goes ‘hand in hand’ with the work in evaluating the instrument
capabilities.

Efficient Low-Cost Weather Radar
Søren Overgaard, Danish Meteorological Institute, Lyngbyvej 100, DK-2100 København Ø,
Denmark. so@dmi.dk

The weather radar is called LAWR, Local Area Weather Radar. The system uses a commercial
marine X-band radar, manufactured by FURUNO, Japan. This kind of radar is produced in much
greater quantities than dedicated weather radars, and the price is therefore very low. In a double PC
the fast DOS-based first part, which controls the radar and is the signal processor, shares a disk with
a Windows 2000™ other half, which is the GUI for the system and handles the communications.
The system is located beside the antenna/transmitter/receiver unit, built into a 19’’ rack, half high.
A connection to the system through the INTERNET is suitable, but also other means of
communication are possible. The main parameters of the system are stated below:
•
•
•
•
•
•

Radar type:
Output power:
Range:
Pixel size:
Image frequency:
Output levels:

X-band radar (9410±30 MHz)
25 kW
30-60 km
500 x 500 m or 250 x 250 m (option)
5 minutes
8 bit

•
•
•
•
•

Antenna type:
Beam width (H):
Beam width (V):
Rotation speed:
Weight:

8 ft. Slotted wave guide array
0.95°
20° (fixed antenna) ± 10 °
24 rpm.
42 kg
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The picture to the left shows the installation of
the LAWR at Odense in Denmark. The
weather radar is mounted on a 25 m high
tower. The tower is simply a high mast, thus
reducing the cost of establishing the radar site.
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The figure below shows an example of data
from the LAWR. The image shows the island
of Fuen in Denmark, the circle representing a
distance of 60 km with the radar placed at the
centre. The colour scale to the right indicates
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low to high rainfall intensity. The data can be presented locally as shown here, or may be
transmitted via the network as a GIF formatted image including an underlying map, or as a
raster image in various formats.
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Figure 1

The weather radar can be calibrated against a high resolution rain gauge. The calibration is done in
order to establish a relation between the counts of the A/D-converter and the measured rainfall in 5
minutes, the highest possible updating frequency of the system. In the example below, the rain
gauge is placed app. 12 km from the radar site.
When the calibration of the LAWR is compared with the calibration of the Danish RØMØ weather
radar (Ericsson type, named ERE), the LAWR shows a pleasant almost linear relation between the
binary counts of the video signal and the resulting rainfall intensity, as shown in figures 2 and 3.
The sensitivity of the system can be changed.
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The image below shows data from the Danish RØMØ weather radar from 9 October 2001. The area
covered by the LAWR at Odense is shown in the square within this image.
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The small image is the corresponding image from the LAWR. Note that the covering area is a circle
contained within the square.
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Data from the radar are intended to be used as an element in sewer system control systems. The
resolution can be as low as 250 x 250 m, which is better than most other weather radar systems. The
low price as well as the availability of spare parts nearly all over the world make the LAWR
suitable for use in the third world. Likewise, the low price makes it feasible to establish a network
of LAWRs covering an area of the same size as the area covered by conventional weather radars.
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The Wind Profiler Network of JMA
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1. INTRODUCTION
In April 2001 the Japan Meteorological Agency (JMA) established the operational Wind Profiler Network and Data
Acquisition System (WINDAS) for the enhancement of capability to watch and predict severe weather in Japan. The
network consists of 25 wind profilers (1.3GHz) located throughout the Japan Islands and the Control Center at the JMA
headquaters in Tokyo. Characteristics and performance of the system are presented and an impact experiment on the
prediction of a heavy rainfall using a JMA operational mesoscale numerical model is introduced.

2. BACKGROUND AND OBJECTIVES OF WINDAS
Atmospheric radars originally developed in 1970s for the research of the mesosphere and stratosphere have been
extensively applied to operational observations of the troposphere wind fields since 1990s as demonstrated by the Wind
Profiler Demonstration Network (NOAA, 1994) and COST74/76 (Oakley et al, 2000). In Japan, more than ten profilers
including the MU (middle and upper atmosphere) radar of Kyoto University are being operated for research puroposes.
The Meteorological Research Institute (MRI) of JMA started basic research on wind profilers in 1989. After the research
in MRI and recent impact experiments of profilers data for the mesosocale numerical weather prediction model(MSM),
JMA decided to install an operational wind profiler network (Ishihara and Goda, 2000). Considering the cost
performance and the allocation condition of radio frequencies in Japan, 1.3GHz wind profilers were selected for the
network.
The major aim of WINDAS is to obtain initial wind fields for the operational numerical weather prediction (NWP)
models. Special attention is paid to improve the performance of MSM with a spatial resolution of 10km to forecast
torrential rainfalls which often cause heavy damages due to floods and landslips. Although wind measurements using
1.3GHz wind profilers are limited to the middle and lower troposphere, almost all the amount of water vapor is
concentrated in these layers and streams of moist air could be well detected. WINDAS and MSM are the two major
tools in JMA to predict mesoscale severe weather events.
The data have been put onto GTS for global exchange on an operational basis since April 2002 and are also published for
general usage in CD-ROM.
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3. SYSTEM AND CHARACTERISTICS OF WINDAS
The locations of 25 wind profilers were selected as shown in Figure 1, giving the highest priority on observations in
middle and western Japan being suffered from heavy rain storms almost every year. The intervals of wind profiler sites
are from 67 to 262 km and 130 km on average over the four main islands of Japan.
In designing WINDAS, the following were considered: 1)high transmitting power, 2)high antenna gain, 3) up-to date
pulse compression technique, 4) clutter fences to prevent ground clutter and interference with other radars, 5)radomes for
heavy snow regions, 6) automated data quality control, and 7)remote operation of the wind profilers from the Control
Center located at the headquarters of JMA in Tokyo. Table 1 summarizes main characteristics of WINDAS.
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4. DATA PROCESSING AND DATA QUALITY CONTOROL
For each profiler site, vertical profiles of 10-minute averages of Doppler velocities and of S/N ratios on the five beams
are measured and are sent every hour to the Control Center via the JMA exclusive telecommunication lines or public
digital lines. The computer system of the Control Center calculates u, v, w components of winds from the Doppler
velocities and makes quality control, and sends the data to the JMA central computer for numerical predictions within
20 minutes after the hour.
Signal processing as well as data quality control are the keys to keep profiler data in high quality. The processes specific
to WINDAS are the estimation of Doppler spectrum moments using the Gaussian function fitting (Hashiguchi et al.,
1995) and the quadratic surface check for u and v components (Sakota, 1997). The former has the advantage of
obtaining spectrum moments under low S/N ratio. The latter is effective to eliminate erroneous data assuming continuity
of u and v wind components on a time-height cross section using the 2-hours data for 7 vertical layers. One to two
percents of the total amount of data has been rejected on average at the stage of the data quality control.
While ground clutter disturbed the accurate wind measurement at several sites, enhancement of the performances of the
clutter fences and of the zero-Doppler velocity rejection scheme in the data processing have almost solved the problem.
Clutters which occasionally appear due to aircraft or side robes of the antenna radiation pattern occasionally appears, but
they do not cause any serious troubles.
The most significant wind measurement error comes from migrating birds. The erroneous data appear mostly in the
night of spring and autumn under the fair weather conditions. The wind measurement deviations due to migrating birds
extend to 90 degree in direction and 10 m/s in speed in the most pronounced case. In October 2001 when birds actively
migrated over about half of observing sites, 12% of the total amount of WINDAS data were contaminated. The data
contamination by migrating birds was relatively serious as already pointed out in the wind profiler networks in U.S. and
in Europe (Wilczak et al,1995 ; Engerbart and Gorsdorf 1997). Echoes from migrating birds have broad spectrum width
compared to atmospheric echoes with reflectivity as strong as at heavy rainfall. The quality control procedures to detect
the migration bird echo, however, has been successfully developed and introduced into the operational data processing
since December 2001.

5. DATA QUALITY AND IMPACT ON NWP MODELS
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The wind profilers of WINDAS have four options in vertical resolutions: 100, 200, 300 and 600m corresponding to four
pulse lenghts. The longer pulse length has better detective performance in height, but decreases vertical resolution.
Availability of the data with height corresponding to each height resolution was examined prior to the operation. The
50% availability in 100, 200, 300m height resolution were 3.0 km, 5.4 km and 6.4 km, respectively. Considering these
height coverages, we selected the height resolution of 300m as the default operation mode in WINDAS. Three hundred
meters is a sufficient height resolution for producing initial values of JMA NWP models.
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Power of receiving signal of 1.3GHz wind profilers highly depends on the amount of water vapor in the middle and
lower troposphere. The height coverages of WINDAS were roughly estimated at 6 to 7 km in moist summer and at 3 to
4 km in dry winter. Figure 2 shows the monthly total means of height coverage at all the profiler sites from June 2001
to April 2002.
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The measurement error of WINDAS was evaluated by comparisons with the model forecast winds in June and July 2001.
RMSEs as well as those of comparisons between rawinsonde winds and model winds are shown in Figure 3. There is no
significant difference between WINDAS and rawinsonde winds in RMSEs, indicating that the accuracy in the wind
measurements of WINDAS is comparable to that in rawinsonde measurements.
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The data of WINDAS have been used as a part of initial values in all the NWP models of JMA since June 2001. The 4dimensional variational data assimilation scheme (4D-VAR) has been introduced in MSM since April 2002 to make the
best use of the potential of WINDAS being capable of continuous measurement of winds aloft. Figure 4 illustrates a
result of an impact experiment made by MSM using WINDAS data with the 4D-VAR for a severe rain storm occurred in
June 2001 (Tada, 2001, private communications) . The WINDAS data and the 4D-VAR well improved the accuracy of
the location of the severe rain in the numerical forecast.

Deleted: random…The bias and... [18]
Deleted:

Deleted: are shown in Figure
Deleted: 2
Deleted: 3 …’

... [20]

Deleted: results…e

... [21]

Deleted: of
Deleted: Power of receiving signal
of
... [22]
Deleted: s…’…. The 4D-VAR ... [23]
Deleted: A
Deleted: observing system
Deleted: is illustrated in Figure 4…
... [24]

Deleted: TECO2002 E
Deleted: Draft of the e
Deleted: xtended abstract,

6. PERFORMANCE IN OPERATION
In order to evaluate the performance of the network system, the percentage of data received in real-time at the Control
Center were examined. The monthly total means over all the sites were 98.8% to 100.0% from May to January 2002,
that suggests stable operation of the whole system. The causes of the failures were mainly faults of communication lines
and power supply.
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7. SCOPE IN FUTURE
JMA will further improve the spatial resolution of WINDAS by increasing the number of profiler sites from 25 to 31 by
March 2003. Of the six wind profilers, three will be placed on islands in the western and southern Japan especially in
order to detect circulation associated with typhoons approaching from the Pacific to Japan.
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Figure 1. The locations and photos of the wind profiler sites
and the Control Center of WINDAS.
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Table 1. Characteristcs of wind profilers of WINDAS.
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Antenna gain
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Frequency
1357.5 MHz
Peak Power
1.8 kW
Beam width
4°
Pulse length
0.67, 1.33, 2.00, 4.00μｓ
PRF
5, 10, 15, 20 kHz
Beam configuration 5 beams
Side robe level
-40dB,-60dB
(at elevation angles of 0 ～10°）
Basic data
Doppler moments every 1 minute
Distributed data
U,V,W-components of wind, S/N ratio,
and data quality flag every 10 minutes
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Figure 2. Vertical distributions of RMSEs of observed
winds (u-component) by wind profilers(WPR) and by
radiosondes(TMP) , compared with winds by the
mesosocale model(MSM).
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Figure 3. Monthly total means of height coverage for 25 wind profilers of WINDAS.
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Figure 4. Results of an observing system experiment using the mesoscale model(MSM). (a)rainfall amount for 3 hours following
the start of a MSM forecast at 12 UTC on 19 June 2001 using the 4D-VAR assimilation scheme without profiler data but
radiosonde data, (b) using the 4D-VAR scheme with both profiler data and radiosonde data, and (c) rainfall amount observed by
radars and rain gauges during 12 to 15UTC. ‘R’s in (a) indicate the locations of the radiosonde sites and circles in (b) the
locations of the profiler sites.
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The systematic error of WINDAS was evaluated by comparisons between profiler winds and rawinsonde
winds during June 2001 to January 2002. The wind data observed by rawinsondes surrounding a wind
profiler were interpolated for the profiler site. Differences between profiler winds and raiwnsonde winds at
each height are less than 0.6m/s, that indicates there is no significant bias in the wind measurements of
WINDAS.
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Power of receiving signal of 1.3GHz wind profilers highly depends on the amount of water vapor in the
middle and lower troposphere. It had been estimated that the height coverage of WINDAS were 6 to 7 km
in summer and 3 to 4 km in winter at the stage of planning. Figure 3 indicating the monthly total means of
height coverage at all the profiler sites shows that the estimation has been well accomplished.
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1. Introduction
Ozone depletion in the atmosphere and appearance of ozone hole in the Antarctic have caused a extreme
attention to the policy makers and scientists in the world wide. Ozone monitoring by using various techniques,
such as ground-based, satellite, balloon, aircraft and sondes, has became a urgent task on ozone study at present.
In China, development of ozonesonde system has begun since end of the last century and has got a
uninterrupted modification in conducting of some national key projects such as Antarctic expedition, study on the
solar activities and other atmospheric studies. Up to now, more than 200 developed ozonesondes have been
launched in different places in China mainland.
The structure components, main performance and technical specifications of the developed ozonesonde
system are given, some results of ozonesonde intercomparison are presented and discussed in this paper.

2. Operational principle in brief
At present, ozonesondes working on various principles are used in the world for sounding of ozone vertical
distribution in the atmosphere, among them, various types of electrochemical ozonesondes have got wide use in
different countries. The developed ozonesondes in China are working on electrochemical principle.
The operating principle of ozone detection by electrochemical method is based on iodine-iodide redox
reaction.
When the certain volume of air containing ozone is drawn through the sensor cell, ozone reacts with the
potassium iodide solution in the cell, as a result, the free iodine is liberated from the solution.

o 3 + 2 I − + H 2 O → O2 + I 2 + 2OH −

(1)

as soon as free iodine is in contact with a platinum gauze electrode placed in the cell, the iodine converted
into iodide:

I 2 + 2e → 2 I −

(2)

an small active carbon plate is placed on the bottom of the cell as and anode, at which the flowing reaction
takes place:

C + 2OH − → CO + H 2 O + 2e

(3)

As it can be seen, if the reaction takes place completely according to the above formulae(1)-(3), one ozone
molecule causes a current of two electrons in the sensor circuit, in other words, the conductive current I(μA) will
be:

i = 2 ∗ 1.602 ∗ 10 −13 N

(4)

where N is the number of ozone molecules reacting to the solution per unit volume and per second.
Considering the flow rate of the sampled air with ozone, V(ml/min.), the temperature, T(K), pressure, P(mb),
and ozone mixing ratio, R(ppm), the resulting current I(μA) is expressed by :

I = 3.204 ∗ 10 −19 ∗ R ∗ (V / 60) ∗ η ∗ (To / T ) ∗ ( P / Po)

(5)

where n-2.687*1019, suffix “o” denotes the NTP state in case of temperature difference in sampled air (Ta) and in
sensor cell (Tc), the ozone mixing ratio in volume (ppm) may be rewritten as follows:

R = K ∗ (Ta / To) ∗ ( Po / Pa) ∗ (Tc / Ta ) 2 ∗ ( Ic / Vc)

(6)

where Va = Vc(Ta/Tc), Ia = Ic(Tc/Ta) are assumed, and K = 6.9686. In practice, ozone amount in sampled air
is also expressed by density ρc3(μg/m3) or partial pressure Po3 (μb/mb), that can be written easily as follows:

Po3 = 25.86 ∗ ( Ic / Vc)(Tc 2 / Ta )( μg / m 3 )

(7)

Po3 = 14.929 × 10 3 × ( Ic / Vc)(Tc / Ta ) 2 ( μb / mb)

(8)

3. Assembly and main technical specifications
Assembly
The developed ozonesonde belongs to GPS ozonesonde system.
A complete ozonesonde system consists of the ozone sensor, temperature, humidity sensors, data acquisition
and convertion, transmitter and ground receiving system.
The ozone sensor is constructed of a reaction cell, a pumping system. The reaction cell with height of 80mm
and diameter of 10mm is made of Teflon. A platinum gauze electrode in 20mm height is placed inside the cell as
cathode, while an active carbon plate is on the bottom of the cell as anode, the anode and cathode is separated by a
cylindrical hole in both height and diameter of 5mm. The sampled air is drawn in through a capillary tube which is
inserted into the center of the gauze, the exhaust pipe for the air is located on the top of the cell.
A small type pump is used for flowing air sample at a rate of 0.8 litre per minute, the pump is driven by a
taperecord type motor. It is very important, that revolution rate of the pump is always kept constant. It can be
shown theoretically, that pumping efficiency lowers with decrease of ambient pressure. In our case, the pumping
efficiency of used pump is experimentally determined, variation of the flow rate with decrease of pressure is also
examined in barometric camera.
During the balloon flight, the following signals are received by the ground-based receiver, that are: GPS
signal, air temperature, air humidity, ozone, temperature of the reaction cell, high reference signal and low
reference signal. After data processing, the real-time values of sounding height, air temperature, air humidity, air
pressure, wind speed, wind direction and ozone are determined and stored, moreover, vertical profiles of those
parameters are drawn in time.

Main technical specifications
At present, main technical specifications of the developed ozonesonde are as follows:
*Ozone range and accuracy: 0-250 nb, ±2%(≥150nb), ±15%(<10nb);
*Temperature range of the ozone reaction cell and accuracy: +1.0℃ ~ +40℃, ±0.5℃;
*Measurement ranges and accuracy for air temperature, air humidity, air pressure and wind are same as
required in operational meteorological soundings
*Range of the sounding altitude:0-35km;
*Carried frequence of the transmitter: 4.3-4.5 MHz;
*Signal receiving range:o-200Km

4. Field comparison of ozonesondes

To examine the reliability of the developed GPS ozonesonde (GPSO3), field comparison of GPSO3 and ECC
ozonesondes (made in Vaisala company, Finland) were made in Beijing at Atmospheric Observing Base, CMA,
during January 11-23, 2002. Comparisons were conducted by simultaneous soundings, every pair of ozonesondes
launched alone at same time. Altogether 7 pairs of ozonesondes launched and vertical profiles of ozone and other
meteorological parameters were obtained for each ozonesonde. As an example, vertical profiles of ozone
measured by GPSO3 and Vaisala ECC ozonesondes on January 23, 2002, are given in Fig. 1. Based on all data
obtained by 7 pairs of ozonesondes, the following conclusions can be drawn. That are: the ozone profiles obtained
by both GPSO3 and Vaisala ECC are in good consistent, especially in altitudes of 12-27 Km, where the relative
error in ozone concentration is less than 10% in average. The measured error in heights of both tropopause and
ozonepause is less than 3% in average. Besides, total ozone contents derived from both GPSO3 ozonesondes and
Vaisala ECC ozonesondes were compared with that obtained by Dobson spectrophotometer. Results show that
total ozone content derived from Vaisala ozonesondes is 2.5% larger than that measured by Dobson
spectrophotometer, while for GPSO3 ozonesonde, the total ozone content is 1.3% less than measured one by
Dobson spectrophotometer in average.

5. Some sounding results
Measurements of ozone vertical distribution in the atmosphere by the developed ozonesondes in China have
been conducted since 90’s of the last century, mainly in the Antarctic and Beijing area. The seasonal variations of
ozone profiles in the atmosphere over both the Antarctic and Beijing area are obtained firstly by using the
developed ozonesondes in China. More than 10 years ozonesonde measurements provide a series of valuable
ozone data for Chinese scientists and strongly promoted progress of operational ozone sounding activities in
China. Examples of ozone vertical profiles obtained by the developed ozonesondes in the atmosphere over Beijing
area and Antarctic are shown in Fig. 2 and Fig. 3, respectively. Fig. 2 shows a typical multiplayer structure of
ozone profile, while Fig. 3 indicates a clear ozone depletion in different altitudes during the period of ozone hole
in Antarctic.
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Introduction
The United States Air Force operates a network of tethered “lighter-than-air” aircraft (aerostats) along the
southern U.S. border. Having volumes of up to 625,000 cubic feet and supporting flight altitudes up to 15,000 feet, each
Tethered Aerostat Radar System (TARS) carries aloft a surveillance radar that is used to observe aircraft entering U.S.
airspace (Figure 1). Like any aircraft, aerostats can only operate safely within certain operational constraints. Wind is
often the most important factor determining when it is unsafe to fly.
Over ten years ago the National Oceanic and
Atmospheric
Administration’s
(NOAA)
Environmental
Technology Laboratory (ETL) began working with the TARS
operators to study whether the use of a radar wind profiler
(RWP) could improve both total time aloft and overall safety to
the Aerostat and ground crew. A 404 MHz RWP (Figure 2)
using a Yagi antenna array was temporarily installed at a
TARS site in southern Arizona (Moran et. al., 1989). The RWP
collected wind profiles every half hour and sent them directly to
the TARS site where they were used to assess atmospheric
flight conditions. The project was considered a success.
Funding to install a permanent RWP became available in late
1999. The Air Force asked NOAA ETL to act as system
integrator; to design, specify, purchase, and assemble a
complete RWP with advanced signal processing and remote
data display and control capability.

Figure 1. Aerostat system deployed by the US Air Force
System Description

Figure 2. NOAA ETL 404 MHz RWP with Yagi antenna
array installed for testing in support of TARS in 1989

Several options were evaluated to determine the
best overall hardware, software, and location for a RWP
demonstration program. For cost considerations, the Air
Force wanted to use as many commercial-off-the-shelf
(COTS) parts as possible. The requirement for high data
quality and a 449 MHz frequency meant that new parts
and software would be required. There was also interest
in placing the RWP as close to the aerostat as
possible. This led NOAA to a “hybrid” RWP design
consisting of commercially available parts augmented
with NOAA-designed monitoring hardware and ETL’s
advanced Signal Processing Software (SPS). It was also
determined that the best location for the RWP
demonstration was approximately 3 km from the TARS
site at Ft. Huachuca, Arizona, USA.

Unlike the 404 MHz tropospheric wind profilers
operated in NOAA’s Wind Profiler Network and similar international instruments, the 8 km altitude requirement
established by the Air Force allowed for a smaller antenna array aperture and lower transmit power. This “reducedaperture” system operates at 449 MHz and utilizes two orthogonal arrays of twelve, 18-element coaxial-collinear (Co-Co)
antennas. A 2 kW solid-state amplifier drives a 36 square meter antenna array which has a row-to-row phasing of 60
degrees implemented using delay cables and RF switches to change

array axis and phasing. An air-conditioned 2.4 by 3 meter shelter is located directly adjacent to the antenna, which
houses the computers, receiver, amplifier and the beam steering unit. COTS components integrated into the system are
®
from the Vaisala Inc. LAP wind profiler product line. These include a Radar Processor Unit consisting of a PC with
control and signal processing boards, Receiver/Modulator Unit, Interface Unit, Co-Co antennas, and a Beam Steering
Unit.
The radar processor runs Vaisala LAP®-XM control and signal processing software. Most of the items were
selected because they were commercially available and are compatible with NOAA’s SPS software. The deployed
antenna and system electronics are shown in Figures 3
and 4, respectively.
A specialized Hardware Monitor system was
developed by NOAA ETL to support the maintenance
and operation of the RWP. The monitoring is mostly
performed by the use of an A/D board located in the
radar processor PC. One unique item developed to
support the radar was a 6-way power divider that utilizes
an RF divide/combine technique allowing the use of
individual RF power reflect loads. Each load's individual
temperature is directly monitored by the Hardware
Monitor. This monitoring technique allows noninvasive
detection of failed antenna components.
Figure 3. 449 MHz Reduced-Aperture RWP antenna, TARS
site in Ft. Huachuca, AZ, USA.
NOAA Advanced Signal Processing
The NOAA/ETL Signal Processing Software (SPS) is responsible for
generating meteorological products from RWP averaged-Doppler spectra. It
differs substantially from the traditional signal processing system, in which
signal processing is linear and sequential throughout and where one signal per
Doppler spectrum is detected and reported. Fundamental to the NOAA signal
processing is a recognition that, even with attempts to suppress possible
contamination from ground clutter, RFI, spurious signals, noise, etc., RWP
averaged-Doppler spectra may contain multiple spectral peaks. The SPS
signal processing removes the constraint of being restricted to a single data
channel while addressing the possibility of multiple signals in a single
spectrum. Multiple data channels (at different ranges, at different times, and on
different antenna beams) are analyzed from the spectra level up to the
meteorological parameter calculations to determine which signals are windinduced, even in the presence of different kinds of contamination.
The SPS software runs on a separate PC from the radar processor
and is collocated at the radar site. The SPS consists of four individual signal
processing modules, each processing a different part of the radar data stream
beginning with the averaged spectra level and ending with meteorological data
products. All of the data for each level is managed by complementary modules
providing specialized high-speed database. An additional routine handles
spectral data ingest into the database from the radar processor computer
(Wolfe, et. al., 2001).

Figure 4. 449 MHz RWP system
electronics, Ft. Huachuca, AZ, USA.

The SPS uses time-height continuity, opposing beam continuity, and other parameters to aid in objectively
determining which peak (if there is more than one) is most likely to have originated from clear-air radar back scatter. After
the winds have been calculated, additional quality control software is run to check the resulting wind profiles again for
time height continuity. A “confidence” parameter is calculated and carried along with the data at each level. This
parameter can be set to limit the presentation of the data at differing confidence levels. The wind data is sent directly to
the TARS site for real-time presentation on a PC. Data is updated every five minutes utilizing a 15-minute sliding
window. The data is also ingested by a specialized software suite (provided by a third party) that analyzes and displays
stresses placed on the aerostat by the measured wind profiles.
Wind Data
®
Figure 5. shows an example of data processed using the standard LAP -XM consensus method (top panel) and
NOAA signal processing system (bottom panel). Differences in the data density are due to a fifteen-minute averaging with
a five-minute sliding window used in producing the SPS figure and a thirty-minute block consensus averaging for the
standard method. Though it would be possible to produce a fifteen-minute consensus average, it would not provide a

fair comparison; A fifteen-minute consensus would limit the amount of data used, while the SPS method provides for a
larger quality control window and spatial cross beam checks in quality controlling the data. Agreement between the two
processing methods is quite good. Validation (not shown) with balloon and 915 MHz profiler data both located ~7 miles
NNW of the TARS site shows general agreement despite the spatial separation, which is compounded by the complexity
of the topography including the Huachuca Mountains rising to more than 2000m directly west of the profilers.

Figure 5. Sample data from a Reduced-Aperture 449 MHz Radar Wind Profiler collected from
0600 May 20, 2001 to 0600 hours, May 21, 2001, Ft. Huachuca, AZ, USA. Top panel shows
thirty-minute consensus averages produced from LAP®-XM software. Lower panel shows
fifteen-minute time averages with a five-minute update cycle produced from NOAA/ETL’s Signal
Processing System (SPS).

Future Plans
Installation of the Ft. Huachuca system represents the Air Force’s first step in deployment of a 449
MHz RWP network in support of its eleven operational Aerostat sites. The next phase calls for installation of a
second RWP system at the Air Force’s Aerostat site in Cudjoe Key, Florida, USA in early 2003. Unlike the
recently deployed system, NOAA plans to incorporate Vaisala’s new Digital IF receiver that is scheduled for
product launch in September, 2002. This new platform provides several system enhancements over the
current LAP® architecture, originally developed at NOAA and licensed to Vaisala as part of a Cooperative
Research and Development Agreement. The new receiver incorporates a 14-bit A-D converter operating at
the 60 MHz IF frequency, digital demodulation and matched filtering, and completely redesigned PCI-based
radar processor that enables several improved signal processing and wind derivation techniques into the
operational LAP®-XM software architecture. These new techniques include a multiple-peak selection
algorithm (Griesser, 1998), wavelet filtering of time-series data (Jordan, 1997), and a “running consensus”
algorithm.
In conjunction with the deployment of the Cudjoe Key system, an inter-comparison program of the
various signal processing techniques is planned under the auspices of NOAA. The objective of this study is to
establish an optional signal processing and wind determination suite that is best-suited to satisfy the
operational requirements for the Air Force’s Aerostat program. Wind profilers operating at 449 MHz and
located at the Boulder Atmospheric Observatory (BAO) tower in Erie, CO, USA and at Ft. Huachuca, AZ,
USA will be used for this inter-comparison study.
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Introduction

The Deutscher Wetterdienst (DWD) is currently modernising its meteorological observation network ('Messnetz 2000').
In the course of this modernisation, extensive measures will be introduced in order to improve and assure the quality of
the data obtained. This will be achieved firstly by continuous monitoring of the functional status of the stations and
sensors, and secondly by a series of quality controls of the data. The key element of this intensive quality control is the
interactive data control and monitoring system QualiMET.

2

Levels of quality assurance in the 'Messnetz 2000' (Measurement Network 2000)

There is already fully automated data checking at the
weather station (level 1). In addition, the devices and
sensors are continually monitored to ensure that they
are in good working order.
The software used enables to display the status of
each station, and disturbances and malfunctions can
be seen immediately on the monitor shown in Figure
1 by the colour of the station point. For example, if a
sensor breaks down then the colour changes from
blue to red.
The systems at the station can be reconfigured
directly from the central office or a service location.
In addition to displaying the status of the devices and
sensors, it is also possible to display meteorological
alarms, for example when threshold values are
exceeded.
Figure 1: Monitoring the status of the station
In the course of the automatic testing of the
measurements at the station, every value is assigned a
quality byte. When generating weather reports such as FM12 (SYNOP), these quality bytes are then used in order to
prevent the dissemination of faulty data.
The methods mentioned above are based on the whole on sensor data and run fully automatically in real time.
As the third stage of the quality assurance, there is then intensive data checking with QualiMET, in which all visual
observations are also taken into consideration.

3

The QualiMET data control and monitoring system

QualiMET is a complete, largely automatic control and monitoring system for meteorological data in non-real time
operations. In contrast to previous control methods, all high-resolution datasets are checked, such as for example 10minute values of air temperature or the relative humidity, 1-minute values of precipitation, etc. Since the data form the
basis for all the derived and central values, e.g. hourly values, these are recalculated whenever corrections are made in
QualiMET.
Data controls are carried out on a daily basis at the 7 regional Station Network Groups of the DWD. The data-sets for
this are transferred from the central database server in Offenbach to the regional servers. QualiMET reads out the
measurements and observational data-sets from a database there, subjects these to various test procedures, labels them
as checked values and writes them back to the central database with a higher quality level. The test formulas are also
defined in a database and can be altered if necessary to meet new requirements.
The operator controls the tests via a graphical interface and can intervene in the process if necessary.

3.1 System architecture
QualiMET has a 3-layer architecture (see Figure
2).
• Layer 1 is the central server in the head
office,
with
the
ORACLE-databases
containing the measurements, meta-data and
test instructions. These data-sets are
administered by QualiMET-Admin, which is
designed as a single-user application.
•

•

Layer 2 are the regional servers, located at
one of the 7 sites of the regional Station
Network Groups of the DWD. The regional
servers receive the data-sets requested from
the central server and store it for a period of
14 days in their local ORACLE-databases.
Exchanges with the central server are by
means of PL/SQL-procedures.
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Figure 2: QualiMET 3-layer-architecture
Layer 3, the client, visualises the data and
makes possible the interaction with the users.
The user starts the tests which will be carried out on the regional server. The communication between client and
regional server is by means of CORBA objects.

3.2 Checking the measurement and observation values
In order to check the measurements and observation data, currently some 120 individual test formulas are defined.
These are stored in the QualiMET database and can be administered using the software-component QualiMET-Admin.
The specified test conditions are converted by Admin into SQL statements which can be accessed during the testing
procedure via CORBA objects.
Individual stations and a specific period of time can be selected for the testing. Then the relevant data is loaded and the
test carried out in five stages:
• Testing for completeness
• Climatological tests
• Checking consistency over time
• Testing the inner consistency
• Testing the spatial consistency
Suspected values can be presented in tabular form, or in a time-series or map window, and then corrected or confirmed.

3.3 Visualisation and processing of measurements and observation values
Figure 3 shows the main window of
QualiMET with the sub-division of tabular
window, time-series window and map
window.
For the presentation of the data in the table
and in the time series, the observer has the
opportunity to select the elements and the
stations to be displayed. However, the map
shows all the stations offering the elements
that have been selected. Data manipulation is
possible in all three presentation options. An
alteration in one of the windows automatically
leads to an up-date in the other forms of
presentation.
Figure 3: QualiMET - Main window

- Table
In the tabular window the presentations are
predominantly in numerical form. It is
possible to sort in terms of station, time or
elements, as well as to filter out particular
times. Missing values can either be added by
automatic interpolation or can be added
manually.
Figure 4 shows a tabular window with missing
data and with values of air temperature added
by linear interpolation.
Figure 4: QualiMET - Tabular window

- Time series
In the time series window, data can be presented
numerically, in graphs or bar diagrams or in the
form of symbols. Values in the time series
presentation can be manipulated by moving
individual points (by mouse grapping), by
moving selected parts in a time series, by the
interpolation of missing measurements, by
deleting selected values, or by accepting specific
measurements values.
Figure 5 shows a time-series window with 10minute values of relative humidity (bars), the air
temperature (lines) and the wind direction
(arrows) for two stations.

Figure 5: QualiMET - Time series window

Map
The map presentation makes it possible to select
various layers and background maps from a geodatabase.
In order to be able to present as many stations as
possible on the monitor screen, a zoom function
is included.
Figure 6 shows the map window with stations in
southern Germany. In order to be able to follow
changes over time in addition to the spatial
presentation, it is possible to present map sections
in various time steps.

Figure 6: QualiMET - Map window

For visual support when checking the data, presentations are possible with isolines or isosurfaces.
For the processing of the data within the map presentation a table window can be opened inside the map which contains
all the data available at the station for that point in time. Necessary corrections are made in this table and the effects are
shown immediately in the spatial presentation.
Figure 7a shows isosurfaces for relative humidity on 4 August 2000, 23.10 GMT, with an error for the
Weissenburg/Bay Station (50 %). This value is corrected in the table to 89%, and the result can be seen in Figure 7b.

Figure 7a:
Faulty value of
relative humidity
(50 %)

Figure 7b:
Corrected value of
relative humidity
(89 %)
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Summary

With the new data control and monitoring system, in the future the DWD will be able to localise and remedy faults and
disturbances at the weather stations quickly and easily, as well as to find and correct faults in the data.
The present basis version of QualiMET will be optimised and extended in the coming years. For example, it is planned
to include radar and satellite images, but also the development of fully-automatic correction procedures.
The aim of the use of QualiMET is the continuous improvement of data collection and thus to increase and ensure the
quality of the data.

La supervision du réseau Radome
P. Grégoire
Direction des Systèmes d’Observation (DSO)
Météo-France

Le réseau Radome
Météo-France a défini, il y a quelques années, son nouveau réseau de mesure au sol : le réseau Radome. Ce réseau est
destiné à la prévision (synoptique et immédiate) et à la climatologie. Il devrait comprendre à terme environ 550 stations
parmi lesquelles figurent des stations synoptiques et aéronautiques avec personnel et des stations automatiques.
Actuellement ces stations automatiques sont en cours d’installation dans des sites isolés en France métropolitaine et
outre mer; environ 120 ont déjà été installées.
Tout d’abord, rappelons brièvement certaines spécificités de ces stations automatiques :
• Elles assurent l’acquisition et le traitement de paramètres météorologiques classiques. Dans la version de base
il s’agit des 5 paramètres suivants: vitesse et direction du vent à 10 mètres, température et humidité de l’air
sous abri, quantité de précipitations. Une version étendue permet également la mesure du rayonnement solaire
global, la mesure de températures au sol, au dessus du sol et dans le sol. Ce potentiel d'acquisition peut être
étendu à d’autres paramètres météorologiques : la pression atmosphérique, la hauteur de la base des nuages, la
visibilité (portée optique météorologique).
• Ces stations automatiques sont alimentées par un panneau solaire ou par le secteur ce qui permet, dans ce cas,
d’effectuer le réchauffage du pluviomètre et des capteurs vent et une ventilation du pyranomètre.
• Elles transmettent leurs informations par l’un des supports suivants : le réseau téléphonique commuté (RTC),
le réseau cellulaire GSM, le réseau de communication par satellite Inmarsat mini M (destiné à l’outre mer).
• L’exploitation des stations est entièrement paramétrable par l’utilisateur. En exploitation courante, ces stations
transmettent leurs informations chaque heure mais peuvent également, à la demande de l’utilisateur, passer
dans un mode d’exploitation dit "turbo" : la fréquence de transmission des informations est alors de 6 minutes.
Ces stations peuvent également déclencher des alertes météorologiques sur certains paramètres : vitesses
instantanée et moyenne du vent, température de l’air sous abri, température au sol, quantité de précipitations
mesurée sur 6 minutes, etc. Lors d’une alerte, la station météorologique émet un message d’alerte et peut
passer en mode turbo.
Toutes ces stations automatiques échangent leurs informations avec un interlocuteur unique : un concentrateur Radome
installé dans chacune des Directions Inter Régionales (DIR) de MétéoFrance. Il existe à ce jour huit concentrateurs
régionaux opérationnels installés en France métropolitaine et outre mer, un concentrateur de développement installé à la
Direction des Systèmes d’Observation (DSO) à Trappes.
Les rôles de ces concentrateurs sont multiples :
• Ils assurent la configuration des stations Radome au travers de différents profils (poste, acquisition,
exploitation, accès et alertes) archivés dans la base de données "Administration".
• Ils permettent l’exploitation des stations à l’aide de commandes spécifiques (passage en mode turbo,
interrogation/réponse, synchronisation du datage, reset de la station, etc.).
• Ils assurent également le décodage des informations transmis par les stations, le codage des messages en
BUFR, la réalisation de collectifs de messages.
• Ils transfèrent les messages vers les différents clients : les messages codés en BUFR vers le centre national de
traitement des données à Toulouse (transmet), les messages codés en ASCII vers les utilisateurs internes ou
externes à Météo France en utilisant le protocole FTP.
• Enfin, ils assurent la supervision du réseau et l'information des utilisateurs.
C’est ce dernier point que nous allons développer.

Les attentes et les contraintes concernant la supervision du réseau
A terme, chaque concentrateur Radome devrait pouvoir interfacer une centaine de stations. La supervision de ce réseau
devient alors indispensable si l’on veut garantir la qualité du service.
Dans notre cas, cette supervision du réseau fait intervenir différents interlocuteurs :
• Les différents gestionnaires du réseau qui doivent disposer d’indicateurs de fonctionnement fiables et adaptés.
• Le Centre Départemental de la Météorologie (CDM) qui est responsable de la qualité des données fournies par
la station automatique installée sur son domaine géographique de compétence.
• Les services de maintenance chargés des opérations de maintenance préventive ou corrective.
• Les services de prévision qui doivent disposer à tout moment d’une vue du réseau capable de leur fournir des
données pour un complément d’analyse lors d’une situation météorologique délicate.

• Etc.
On note l’extrême diversité des interlocuteurs - chacun ayant sa propre interprétation de la supervision - qui ne sont
pas, à l’exception du service de maintenance, des spécialistes de télécommunications ou d’acquisition de données. Ces
interlocuteurs sont géographiquement très dispersés, avec leurs propres contraintes de disponibilité.
Quelles sont les informations de supervision dont veulent disposer ces interlocuteurs ? Ce sont essentiellement :
• Des informations sur la configuration des stations : les mesures effectuées, les types et les coefficients
d'étalonnage des capteurs utilisés, les seuils fixés pour le déclenchement des alertes météorologiques, etc.. Le
CDM y trouvera les informations permettant de valider la donnée ou d’expliquer un éventuel problème de
mesure. Le prévisionniste sera en mesure de déterminer les types et la période de transmission des données
dont il disposera pour affiner son analyse.
• Des informations sur le fonctionnement de la station : les états des capteurs et des acquisitions de données, les
problèmes de communication station/concentrateur rencontrés, les états des systèmes d’alimentation électrique,
etc.. En fonction de ces données, le service de maintenance pourra déclencher les opérations de maintenance
préventive ou corrective. Le gestionnaire du réseau obtiendra les statistiques nécessaires à la réalisation des
indicateurs de fonctionnement des stations.
• Des informations sur l’état des communications station/concentrateur et concentrateurs/clients : durée des
communications, impossibilité de transmission, messages absents ou erronés, etc. Le CDM pourra déclencher
une interrogation/réponse de la station pour récupérer les données absentes ou erronées. Le service de
maintenance prendra contact avec les clients pour corriger les éventuels problèmes de transferts de données.
Ces informations de supervision sont variées : elles proviennent des différents éléments de la chaîne d’acquisition ou de
diffusion des données. Elles sont fugitives et, de ce fait, doivent être remises à jour en temps réel. Leur disponibilité
doit être totale 24 heures sur 24.

Les solutions retenues
La mise à disposition des informations de supervision du réseau Radome est réalisée en intégrant, dans chaque
concentrateur Radome, un serveur http Apache permettant de présenter dans l’Intramet (intranet) de Météo France des
pages HTML. Un applicatif crée, à la demande de l'utilisateur et en temps réel, ces pages relatives à la configuration des
stations, au fonctionnement de la station et à l’état des transmissions entre les différents systèmes.
Les informations visualisées proviennent de différentes sources :
• La configuration des stations est issue de la base de données "Administration" où sont archivées les données
des différents profils de fonctionnement concernant chaque station.
• La supervision du fonctionnement de la station est déduite du message d’état quotidien transmis par la station
automatique. Après décodage, les informations sont archivées dans la base de données "Supervision". Pour
cette application, la profondeur de la base de données est de 12 mois.
• Les différents logiciels gérant les transferts station/ concentrateur, concentrateur/Toulouse (TransMET) et
concentrateur/clients (TransFTP) adressent leurs informations de fonctionnement à un applicatif de supervision
des communications. Après décodage, les informations sont archivées dans la base de données "Supervision"
mentionnée précédemment. Pour cette application la profondeur de la base de données est de 3 mois.
Les pages visualisées par l’utilisateur, à partir de son navigateur favori, sont créées en interrogeant à chaque fois la base
de données correspondante : les informations sont donc dans tous les cas les dernières disponibles. Cette solution
permet à chacun de visualiser les seules informations spécifiques dont il a besoin.

Architecture et présentation succincte du site
Le site est consultable dans l'intramet de Météo France à partir du site dédié à la Direction des Systèmes d'Observation
(DSO). La page d'accueil présente les différents choix laissés au visiteur :
• Consulter les informations nationales. Cette page est consacrée au Chef du programme qui peut informer les
visiteurs des faits marquants concernant le réseau Radome (réunion, décisions, informations techniques, etc.).
• S'informer et télécharger les dernières versions des logiciels installés sur les concentrateurs Radome.
• Prendre contact, par mail, avec les responsables du développement du site pour leur faire part (bien sûr) de leur
satisfaction.
• Consulter les informations sur la version opérationnelle du site.
• Enfin sélectionner une région météorologique (DIR) particulière.
Lorsque l'utilisateur sélectionne une DIR, il est redirigé vers le serveur http installé sur le concentrateur objet de sa
sélection. A partir de cette nouvelle page d'accueil il peut :
• Consulter les informations régionales. Cette page est consacrée au responsable du réseau Radome de la DIR
qui peut, de même que précédemment, faire passer un message aux différents visiteurs.

• Consulter les informations de configuration des stations. Après le choix d'une station par son indicatif, le
visiteur prend connaissance de la configuration de la station au travers des différents profils archivés dans la
base de données "Administration". Toutes les informations de configuration sont accessibles.
• Consulter les informations de supervision du fonctionnement des stations extraites des messages quotidiens
d'état transmis.
Une analyse du message est réalisée et une première synthèse des alarmes technologiques est élaborée. Elle
porte sur les fonctions de la station suivantes : EXPLOITATION, TRANSmissions, ALIMentation électrique,
états des MODULES d'acquisition, état du bus de terrain CAN. Pour chacun des éléments précédents, un
certain nombre de tests sont effectués. Par exemple, pour la fonction ALIM, on compare les valeurs des
tensions des batteries principale et de secours de la station avec des seuils bas. Si les résultats des tests ne sont
pas conformes, une alarme est générée dans la synthèse pour la fonction considérée. Le détail de l'alarme est
archivé dans la base de données "Supervision" (par exemple, tension batterie principale trop basse : 10 Volts).
Une deuxième synthèse est effectuée à partir des états des fonctions précédentes. Si une des fonctions est en
alarme, la station est déclarée en alarme. Ces informations d'alarme globale sont visualisées par pointage de
différentes couleurs sur la carte de la DIR concernée : vert = station OK, rouge = problème. station, jaune =
message état non reçu. Des liens permettent d'extraire de la base de données, pour la station considérée, toutes
les informations de fonctionnement concernant la station. Les données sont visualisées sous forme numérique
ou sous forme graphique.
Des statistiques mensuelles concernant les différentes fonctions précédentes sont élaborées et peuvent être
consultées par le visiteur : nombre d'alarmes sur les COM, sur les modules, sur l'unité centrale de la station
automatique, etc.
Le mécanisme mis en œuvre présente une grande souplesse d'utilisation. Les informations peuvent être
visualisées sur une période définie ce qui permet, soit d'établir un historique des problèmes rencontrés, soit
d'effectuer de la maintenance préventive (tension d'alimentation diminuant régulièrement en cas de défaut du
panneau solaire). Des filtres permettent de sélectionner, sur la période considérée, l'information que l'on veut
étudier plus précisément.
• Consulter les informations de supervision des communications. Une analyse des différents états de
transmission est faite en temps réel. Si la station automatique n'initialise pas une communication avec le
concentrateur, si certains messages sont manquants ou incorrects, si les transferts des messages vers Toulouse
et vers les clients sont incorrects, une alarme est générée. Heure par heure et pour toutes les stations du plan de
collecte, une synthèse des alarmes est élaborée et peut être visualisée par pointage de différentes couleurs sur
la carte de la DIR concernée. De même que précédemment, des liens permettent d'extraire de la base de
données toutes les informations sur les communications (durée de la communication, nombre de replis, état de
fonctionnement des modems, etc.) et sur les messages transmis (types et contenus, datage de la transmission,
etc.).
Des statistiques quotidiennes et mensuelles sont également élaborées (nombre de messages non reçus, non
transmis ou transmis en retard, durées des communications, nombre de dysfonctionnements des modems du
concentrateur, etc.).
Vous trouverez en annexe à ce texte quelques présentations de pages du site.

Conclusions
Dans cette application Intramet, le défi consistait à présenter les données sous une forme agréable à consulter, détaillée
mais également sous une forme synthétique et accessible pour un non-spécialiste.
Le premier bilan de fréquentation du site laisse penser que nous avons rempli notre mission.

http : // Supervision Réseau Radome

Page accueil / Site de la DSO (Trappes)
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1. Introduction
Near-surface data from meteorological stations at the city and in suburb were often used for investigation of
heat island above urban area (Kondratiev and Matveev, 1999). New technology based on consuming of
microwave temperature profilers gave possibility to provide more detail investigation of heat island
parameters. During 2000-2002 three microwave temperature profilers (MTP-5) were used simultaneously in
Moscow region for continuous measurements of atmospheric boundary layer (ABL) temperature profile. One
MTP-5 was installed in the center of Moscow city, the second – in the north part of Moscow (Dolgoprudny),
and the third – in about 50 km westward from the Moscow city center (Zvenigorod experimental site of the
Russian Academy of Science). The MTP-5 instrument is an angular-scanning single channel microwave
radiometer that can provide temperature profile measurements each 10 minutes within the altitude range
0÷600 m with an accuracy 0,50C (Kadygrov and Pick, 1998; Kadygrov et al 1998; Westwater et al 1999).
It were three main scientific objectives for the simultaneous measurements. The first one was determination
of a Megacity impact to the ABL parameters, which led to creation of heat island (Kondratiev K.Y. and
Matveev L.T., 1999; Golitsin et al, 2002). The second objective was investigation of the ABL stability and
its influence on a radiation balance near the ground surface. For that reason the collection of continuous data
about ABL temperature profiles in different synoptical situations was provided. And the third objective was
in the comparison of simultaneous ABL temperature profiles in Zvenigorod and Dolgoprudny where
radiosonde data was obtained. It is necessary to underline that all preceding climatological data set about
temperature inversion in whole Moscow Region was collected on the base of radiosonde data obtained in
Dolgoprudny. That's why the comparison of ABL temperature profiles in two points separated by space on
tenth of kilometers seems to be very interesting. The measurements were provided as a part of WMO pilot
project GURME – Global Urban Meteorology and Environment (WMO Report, 1999).

2. Analysis of simultaneous remote sensing data
The data received by the use of simultaneous remote sensing of ABL temperature profiles has shown
essential differences of thermal regime in the center of a big city and in suburb. In general: the annual
average ABL condition in the central part of Moscow is close to unstable (adverse conditions), and
deterioration of the vertical exchange conditions has a brief disposition. The monthly averaged temperature
gradients in Moscow city center are presented in Table 1 and Table 2 as a function of a local time (on the
base of MTP-5 data).
The data shows that the atmosphere has unstable temperature stratification during the night and early on the
morning and not only in layer 0-100 m (Table 1) but also in the layer 0÷300 m (Table 2). Thermal turbulence
has a minimum between 3 and 6 o’clock on the morning. On the base of MTP-5 data, it was experimentally
confirmed that influence of a big city microclimate is comparable with influence of a large-scale
meteorological processes during a number of synoptic situations. Within such events the heating from
anthropogenic sources dominates radiation cooling of the lowest atmospheric layer.

Table 1
Table 2
Monthly averaged temperature gradients (0C/100 m)
Monthly averaged temperature gradients (0C/100 m) in the
in the layer 0-100 m in the center of Moscow city
layer 0-300 m in the center of Moscow city
Time
(h)

October

April

January

July July
2000 2001

Time
(h)

0

-0,48

-0,53

-0,51

-0,54 -0,70

0

3

-0,35

-0,30

-0,54

-0,42 -0,35

6

-0,25

-0,15

-0,56

9

-0,27

-0,47

12

-0,76

15

April

January

July
2000

July
2001

-0,54

-0,55

-0,75

-0,57

-0,67

3

-0,41

-0,31

-0,77

-0,49

-0,29

-0,30 -0,13

6

-0,34

-0,22

-0,78

-0,44

-0,12

-0,58

-0,68 -0,97

9

-0,43

-0,75

-0,81

-0,88

-1,24

-1,16

-0,70

-0,91 -1,38

12

-0,99

-1,44

-0,97

-1,09

-1,67

-0,93

-1,37

-0,80

-1,12 -1,52

15

-1,10

-1,71

-1,04

-1,37

-1,90

18

-0,80

-1,24

-0,71

-1,04 -1,22

18

-0,87

-1,50

-0,92

-1,29

-1,55

21

-0,60

-0,86

-0,73

-0,89 -1,07

21

-0,59

-0,87

-0,95

-1,02

-1,24

October

Table 4

Month
CLIMATE
(RADIOSONDE)
MTP-5
2000-2001

I

II III IV

V

VI

VII

VIII IX X

XI

XII

49 43 36 35

36

34

35

38 38 33

41

42

32 18 35 57

32

23

10 (2000г)
35
29 27 35
(2001г)

20

-1,6

-2,2 -2,9 -3,4 -3,9 -4,4

600 m

500 m

400 m

300 m

200 m

0m

100 m

Fig. 1. Temperature fields in Dolgoprudny, Moscow and
Zvenigorod (23 July 2001).
Time

Station

Table 3
Temperature (°C) at the layer 0-600 m on the base
of MTP-5 data in Moscow city center (M), in
Dolgoprudny (D), and in Zvenigorod (Z). March 31,
2001

Recurrence of temperature inversion (%)
in Moscow city center

M

0:00

D

0:00:00 -4,9

-4,6 -4,3 -4,3 -4,5 -4,6

-4,5

Z

0:00

-5,5

-4,5 -4,3 -4,3 -4,3 -4,5

-4,9

M

3:00

-4

-4,2 -4,1 -4,1 -4,2 -4,5

-4,7

D

3:00:00 -6,3

-5,4 -4,7 -4,5 -4,4 -4,4

-4,3

Z

3:00

-8,3

-5,5 -3,9 -3,1 -2,7 -2,9

-2,8

M
D

6:20
-6,2
6:00:00 -7,5

-5,8 -4,8 -4,2 -3,7 -3,5
-6 -4,9 -4,4 -4,4 -4,4

-3,6
-4,4

Z

6:00

-11

-7,6 -5,1 -3,7 -3

-2,6

-2,1

M

9:00

-4,8

-4,8 -4,3 -3,7 -3,4 -3,4

-3,6

D

9:00:00 -5,3

-4,8 -4,2 -4,2 -4,3 -4,5

-4,5

Z

9:00

-7,5

-6,2 -4,8 -3,9 -3,6 -3,4

-3,3

M

12:00

1,9

D

12:00:00 0,8

Z

12:00

1

-0,4 -1,7 -2,7 -3,6 -4,4

-5,1

M

15:00

5,4

3,7 2,6 1,7

-0,3

-0,9

0,4 -0,9 -2

-2,8 -3,5

-0,4 -1,1 -1,8 -2,5 -2,9
0,7

-5

-4
-3,4

D

16:30:00

Z

15:00

4,1

2,6 1,1 -0,3 -1,4 -2,3

-3,2

M

18:00

7,5

5,7 4,4 3,4

2,3

1,4

0,5

D

18:00:00 5,2

4,2 3,5 2,7

2,1

1,5

0,9

Z

18:00

4,9

3,9 2,6 1,4

0,1

-0,9

-1,8

M

21:00

5,4

5

4,4 3,7

2,9

2,3

1,5

D

21:00:00 2,8

2,9 2,8 2,4

1,9

1,5

1,1

Z

21:01

1,6 2,1 2,3

2,2

1,7

1,3

-0,1

3

Three-points simultaneous remote sensing observations firstly gave detail quantitative parameters of
temperature inversion, ABL stability and it’s differences in the center of urban area and in outside (Table 3).
On the base of MTP-5 data for central part of Moscow were calculated the recurrence of temperature
inversion (Table 4) and were compared with previous radiosonde data (Klinov, 1995).
Remote sensing data has sufficient differences with radiosonde data, particularly during wintertime – from
November up to February. The recurrence of inversion for that time was less for 17-39% with respect to
climatological data. In contrast, the April recurrence was 20% more than climatological data. As it was
mentioned above, climatological data for Moscow city center were calculated on the base of radiosonde data
from Dolgoprudny upper-air station (WMO index 27612). Therefore, the first reason for inversion recurrence
differences may be in urban heat island influence (big difference between surface-atmosphere exchange in
the center and in the north part of Moscow). And the second reason is that those radiosondes are normally
released at 02.30 a.m. local time. But most of temperature inversions in April are started after those time and
that is why were not detected by the radiosonde data.
During simultaneous remote sensing measurements were indicated differences in thermal regime of ABL in
Moscow, in Dolgoprudny and in Zvenigorod station. On the Fig. 1 are presented temperature fields in
Moscow city center, in Dolgoprudny and in Zvenigorod for anticyclone environment (23 July 2001). Fig. 2
presents the parameters of temperature inversions for the same places and within the same time.

Fig. 2. Parameters of temperature inversion in Moscow,
Dolgoprudny and Zvenigorod (23-24 July 2001)

The temperature inversions were indicated in all three points of observations on the night. The deepest one
was about 60C in Zvenigorod, 3.50C – in Dolgoprudny and 1.0÷1.50C – in Moscow, and the inversion height
was 470 m, 370 m and 300 m relatively. Dissipation of inversion is started firstly in Moscow, than in
Dolgoprudny, and than in Zvenigorod.
The quantitative parameters of Moscow heat island are a dark spot in city climate understanding. Heat island
parameters and its seasonal and daily variations were learned during anticyclone conditions. It was classified
two main type of heat island. The specific parameters of the 1-st type were:
– heat dome top has an altitude up to 600 m;
- ABL temperature in the city is higher than in suburb. This type of heat island was indicated mostly in cold
season, or in all seasons with high cloud density, or in warm seasons during cloudless night.
The specific parameters of the second type of heat island were:
– heat dome top has an altitude up to 300 m;
- above this altitude the temperature in suburb is higher than in the city center.
This type of heat island is formed mostly by convective processes. One of an explanation for that type of
head island could be done as the next:
The bottom part of ABL in the city has faster heating because of turbulence exchange.
The top part of ABL has faster cooling due to mixing with cold air from highest altitudes.
The influence of city heat island to the suburb ABL is very dependent on wind speed and wind directions. It
was observed that ABL thermal regime in Dolgoprudny looks like more close to Moscow city center than to

Zvenigorod. On the Fig. 3 are presented some typical results of remote sensing temperature profile received
in Dolgoprudny and in Zvenigorod in comparison with the radiosonde data obtained in Dolgoprudny.
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Fig. 3. Comparison of ABL temperature profiles
In Dolgoprudny and in Zvenigorod (24 June 2001)

3. Conclusions
The results of simultaneous remote sensing measurements of ABL temperature profiles can be summarized
as follows:
- first time it was obtained quantitative parameters of heat island in ABL of Moscow Megacity for
different seasons and miscellaneous of synoptic conditions;
- proposed new technology can be very useful for urban research meteorology and environment
- it was detected that radiosonde data obtained in Dolgoprudny are not fully representative for
determination of ABL parameters on Zvenigorod experimental site because of Moscow Megacity heat
island influence.
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1. Introduction
The Slovak Hydrometeorological Institute (SHMI) operates 27 automatic weather stations (AWS)
on continuous basis for the synoptic, aviation, climatological and partly hydrologic purposes: twenty
three of them are VAISALA MILOS 500 AWSs and four are MPS04 AWSs. The additional MPS04
AWS was installed at the professional meteorological station equipped by MILOS 500 AWS for
testing and comparison purposes.
Laboratory calibration and testing, on-site intercomparison, quality control (QC) procedures running
at AWS compose the essential part of Quality Assurance (QA) system that has been implemented
step by step in SHMI. Automated real-time QC running in observer’s PC as well as at the National
Data-Processing Centre (DPC) completes this QA system.
2. Calibration and testing
SHMI operates a full-time Calibration Laboratory and the field maintenance facility, staffed by
instrument specialists and engineering technicians. The laboratory provides a facility where the
institute can verify the manufacture’s calibration of sensors and compare instrument performance
to the other reference instrument as well as test the overall performance of the station. Every
sensor installed in the surface-observing network must pass a calibration process.
Calibration and tests utilize the commercial high quality reference instruments (e.g.: SPRT
Rosemount 162CE, General Eastern, DH Instruments PPC2+). They are used to verify that all
sensors are within the established specific inaccuracy limits for each sensor. Calibration
coefficients, which are determined in the laboratory, are applied to corresponding AWS data.
As the signal conditioning and data acquisition modules form a part of the measuring chain their
stability and correct operation have also to be controlled or calibrated periodically. The whole
calibration procedure consists of the calibration of the individual sensors, the signal conditioning
and data acquisition modules, followed by the implementation of calibration curves, and final
control of the whole measurement chain.
The performance of sensors is controlled with the travelling standards at the station. SHMI’s
technicians perform field tests yearly. Thanks to this control the systematic errors can be detected.
3. Quality Control Procedures
Automatic data validity checking (basic quality control procedures) are applied at all automatic
weather stations to monitor the quality of sensors’ data prior to their use in computation of weather
parameter values. This basic QC is designed to remove the erroneous sensor information while
retaining valid sensor data. The range of QC strongly depends on the type of AWS and a level of
its sophistication. The outputs of QC would be included inside every AWS message.
The types of QC procedures are as follows:
Automatic QC of raw data (intended primarily to indicate any sensor malfunction, instability,
interference in order to reduce potential corruption of the processed data):
a) The monitoring of measurement range (gross error check). Measurement ranges of different
parameters depend on the climatological conditions of an AWS’ site. Limit values for surface wind
speed, air temperature, dew-point temperature and station pressure are listed in the WMO Guide

on GDPS, WMO-No. 305. In addition, there are possibilities to define limit values for other
measured parameters, e.g. ground and soil temperatures, amount of precipitation, radiation
parameters etc. An example of the measurement ranges implemented in the Slovak
Hydrometeorological Institute (SHMI) is given bellow. The limit values are used for checking both
signal measurement data (samples) and 1-minute average, in case of wind 2- and 10-minute
averages.
•
•
•
•

•
•

•
•
•

Measurement ranges implemented at AWS in SHMI
dry-bulb temperature: -45 °C ... +45 °C;
ground temperature: -50 °C ... +65 °C;
relative humidity: 1 ... 100 %;
pressure:
870 - 1040 hPa (AWS between 0 – 1000 m above MSL),
750 - 1000 hPa (AWS between 1000 – 2000 m above MSL),
650 - 950 hPa (AWS between 2000 – 3000 m above MSL);
wind speed:
-1
0 - 30 m.s (10-minute average) (AWS between 0 – 1000 m above MSL),
0 - 50 m.s-1 (2-minute average) (AWS between 0 – 1000 m above MSL),
0 - 50 m.s-1 (10-minute average) (AWS between 1000 – 3000 m above MSL),
0 - 75 m.s-1 (2-minute average) (AWS between 1000 – 3000 m above MSL);
soil temperature: -20 °C ... +45 °C;
global radiation: 0 ... 1600 Wm-2;
precipitation intensity 3 mm/minute.

b) The time variance of the signal (temporal consistency of measured values). The samples are
checked every 3 seconds in case of wind speed and direction and every 10 seconds in case of
temperature, humidity, pressure and global radiation. After each signal measurement the current
(actual) sample is compared to the previous one. If the difference of these two samples is more
then the specified limit then the current sample is identified as suspected and not used for the
computation of an average. However, it is still used for checking of the temporal consistency of the
samples. It means that a new sample is still checked with the suspected one. The result of this
procedure is that in case of a large noise one or two successive samples are not used for the
computation of an average. The limits of the time variance of the samples implemented in SHMI
are as follows:
•
•
•
•
•
•

dry-bulb temperature: 2 °C;
ground and soil temperature: 2 °C;
relative humidity: 5 %;
pressure: 0.3 hPa;
wind speed: 20 ms-1;
global radiation: 800 Wm-2.

There must be at least 4 from 6 samples available in order to compute the 1-minute average in
case of temperature, humidity, pressure, or sum in case of global radiation and at least 75 % of the
samples to compute a 2- or 10-minute average in case of wind direction and speed.
Automatic QC of processed data (intended to identify erroneous or anomalous data):
Internal consistency of data. The range of this control depends on the capacity of AWS’
processing unit and on the sensors used. The basic algorithms used for internal consistency of
data are based on the relation of two or more parameters (the following conditions should be true):
(a)
(b)

(c)

(d)

dew-point temperature ≤ dry bulb temperature;
wind speed = 00 and wind direction = 00;
wind speed ≠ 00 and wind direction ≠ 00;
wind gust speed ≥ wind speed;
both elements are suspected1 in case of “clear (sky condition)” and
“total precipitation > 0”;
both elements are suspected1 in case of “overcast (sky condition)” and
“sunshine duration > 0”;
both elements are suspected1 if “total precipitation > 0” and
“duration of precipitation = 0”;

(e)
(f)

both elements are suspected1 if “duration of precipitation > 0” and
“weather phenomenon is different from precipitation”;
both elements are suspected1 if “visibility < 10 000 m” and
“weather phenomenon is missing”.
(1:For data from a period not longer then 10 minutes)

The calculation of a standard deviation of some basic variables such as temperature, pressure,
humidity, wind etc. will be implemented in near future (using BUFR for transmission). The standard
deviation will not be calculated in case of a small number of the samples (less then 10). In
combination with the control of time variance of the signal the standard deviation will be a very
good tool for the detection of a “jammed” sensor as well as long-term drift of the sensor
measurement.
The technical monitoring of all crucial parts of AWS including all sensors is unthinkable part of
the QA system. Most of manufactures already provide technical monitoring for the intelligent
sensors, however the results of the monitoring are not distributed to users. The technical
monitoring provides the information on quality of data through the technical status of the instrument
and the information on the internal measurement status. Corresponding information will be
disseminated to the users in the near future in case of BUFR transmission of data.
4. Intercomparison
The field testing of MPS04 and intercomparison with MILOS 500 have been running since October
2000 at the Meteorological Station Prievidza. The tailored software package METView for MS
Windows (W2000, NT) is used for data collection, archiving and processing. Data can be viewed
either in real-time or non-real time in different forms and formats, such as tables or graphs. The
main emphasis has been put on data from the temperature sensor PT100 and the humidity sensor
HMP35C. All sensors from both automatic stations are exposed in the non-ventilated wooden
Stevenson screen, at 2 m height, next to each other.
The aim of the intercomparisons is to analyse the performance of the compared sensors as well as
the whole measurement systems and estimate the accuracy, reliability and long-term stability. The
following statistical parameters have been used in the data analysis:

1
The bias b: b =
N

N

∑( X
i =1

ai

− X bi )

The operational comparability C: C = ±

The standard deviation s: s = ±

1
N

N

∑(X
i =1

ai

− X bi ) 2

( C 2 − b2 )

where: N - number of the samples used, Xai - ith measurements made by one system, Xbi- ith simultaneous
measurements made by another system.

The database from the August 2001 up to May 2002 was used for the data analysis. About 80% of
data were available in the final database for the statistical analysis. The intercomparison was done
on the level of one-minute data. The temperature range during the whole period was from -22 °C to
+34 °C. For each day the above-mentioned statistical parameters were calculated. The results of
the intercomparison of the temperature and humidity data are shown in the following table:
Temperature
Humidity
Average
Maximum
Minimum

Bias (b)

Operational
Comparability (C)

Standard
Deviation (s)

Bias (b)

Operational
comparability (C)

Standard
deviation (s)

0.063
0.115
0.004

0.090
0.151
0.044

0.062
0.121
0.035

0.940
2.497
0.017

1.219
2.601
0.451

0.700
1.439
0.188

The results of the statistical analysis for temperature data are presented in the following graph. The
influence of the winter period can be seen clearly:

The results of intercomparison show a very good agreement of the measured data from the
compared systems where QA were implemented.
5. Conclusion
The standardization and the Quality Assurance system of Automatic Weather Station data are
becoming more important with the introduction of new more sophisticated sensors and processing
algorithms. There is a strong need to develop and implement the basic guidelines for a quality
management. The real-time quality control of data from AWS should be performed at both AWS
site and at the Data Processing (Data Management) Centres.
The SHMI’s QA system represents a compilation of the processes that range from the simple
testing to the sophisticated analysis. The system utilises multiple techniques of data and the
instrument analysis. Further improvements are planned in connection with the transition to the
table driven code forms.
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1. Why quality management at measuring networks?
Hydro-meteorological networks are collecting data which are subsequently used for the preparation
of significant decisions within politics, planning, emergency management and many other domains.
Some examples to mention would be the design of water-constructions, flood alarming
management, avionics meteorology, storm warning .....
It is therefore essential and normally expected, that the network operator’s “product” should be of
high level “quality”. The main “product” of measuring network operators thereby are correct
measurement values which, registered comprehensibly, are transferred to the measuring network
centre and processed in order to submit the required information. Within the International Standard
ISO 9000 the term “Product Quality” means that the expectances of the customer and the features
of the product should cover as much as possible. The “customers” of a hydrometeorological
network are of course all those people, who use the collected measurement data and the derived
information within their own area of operation.
In future these historical tasks will even be enlarged with additional requirements. Factors like
operating efficiency, competition, flexibility and innovation will get more and more important and
will give a competitive edge to all those, who are capable to fulfil the more advanced requirements.
Additionally clearly defined requirements, particularly requirements referring to quality, will give
way to privatisation of measuring networks in the future.
2. The International Standard ISO 9000
Quality management according to International Standard ISO 9000 offers an ideal basis to private
corporations, meteorological institutes and even to public authorities (hereafter called
“organisation”) to organise quality assurance of their products and services and even to improve
and develop their facilities continuously as organisation. The systematic of a so called
"Improvement Cycle" in the meaning of ISO9000 shows Fig. 1.

Figure 1: ISO 9000 systematic

The view of the organisation as a whole system is essential. To assure the correctness of results,
reliability and repeatability of measurement values etc., as well as quality assurance of products
and services, normally do not depend on single actions. Those are the results of a well planned,
correct and secure co-action of the whole system, namely the quality management system of the
above mentioned organisation. The mechanism of such a system of course normally differs in
between the branches. In that project “QM for the operation of hydro-meteorological measuring
networks” , common principles and necessities regarding these requirements in accordance with
the International Standard ISO 9000, were collected and worked out in detail.The International
Standard ISO 9000 with its central document ISO 9001:2000 “Quality Management Systems –
Requirements” leads far beyond the definition of some single requirements. It enables a global
management of the whole organisation and is therefore a real tool to manage this organisation or
only some parts of it. This has always been the basic idea behind ISO 9000 Standard, but it was
only made possible with the version 2000, when focusing the view on all business-cases in terms
of so called “business processes”. Introducing this feature it was given way for common and
unrestricted use. It was said that the pre-version dated 1994 somehow showed a partial tendency
to production enterprises. The standard regulates how business processes are to be defined,
documented and fulfilled, how they should be supervised and be capable to improve the whole
system, always aiming at continuos improvement. The whole system always includes both the
vision and objectives of the management as a "Strategy Model", as well as the justification on
fulfilling customers’ requirements. Once the organisation has implemented the requirements of the
Standard and practises it according to its definitions demonstrably, it is possible to achieve a
certificate stating –“certified according to International Standard ISO 9001:2000”. This certification
not only guarantees an internal benefit and secureness to the organisation, but also the high grade
of quality and reliability is visible to extern partners.
3. Initial point
Within this project Logotronic – itself certified according to ISO 9001:2000 – has defined the goal to
develop a product, which will be able to fulfil the Standard’s requirements for measuring network
operators practicably within meteorology and hydrology demands, and even supports its
implementation. This project was realised in co-operation with the Central Institute of Meteorology
and Geodynamics in Vienna and Verbund Austrian Hydro Power AG as well as with Mr. Albert
Schwarz of Dr. Lürzer Consulting, who also developed a supporting software-solution.
The tasks required were clearly defined: Applying the common requirements out of ISO 9000:2000
on to concrete requirements of measurement network operation and finding its solutions, which in
consequence should be represented in a "Prototype-Process Model".
It was required not only to look at the subject one-dimensional from the Standard’s point of view,
but even more to combine the Standards requirements with the measuring network operators’
operational experiences and to formulate a practical model. Thereby it was quite important to
avoid disadvantages like high administrative expenses and any additional burden, which often are
said to relate to Standard requirements. Thus a prototype process model for specific sequences
within meteorological and hydrological measuring networks was created, which represents an ideal
platform to organise an individual system for network operators and additionally gives way to
establish an ISO 9000 compatible quality management system.
4. The prototype process model “measuring network operation”
Initially the basis for each QM-system is the so called “process model”. Thereby all business cases
of the organisation are separated and described first into single business processes and further on
broken down into single process steps. This can be applied as long as estimated to be necessary
and reasonable. The most important business processes form the highest level within the so called
“Main-Process Model” in terms of access to the QM-system itself. Beside the processes the
following terms are relevant within the process model:
- Supporting objects:
All elements which are necessary to perform the single business processes, like for instance
questionnaires, check lists, IT-tools, operating resources etc.
- Company organisation structure:

Definition of the structure of the company organisation (organigram). Definition of single
departments defining the responsibilities for performance of the single process steps within the
company organisational structure.
These processes, objects and responsibilities are managed separately in this developed process
model. The implementation of the process model and all its belonging definitions were realised by
using the process-modelling-tool ®"PROMOL".

Figure 3: ®PROMOL-methodology
The links between the single elements of the process model are defined in a relational data base.
The basic links shows Fig. 3. This method avoids to have to manage many single documents out
of word processing programs but manages a single model on the whole, which prevents getting
data redundancies. Each information is stored on a certain place within the process model and
may be altered at this place only. One of the specific features of the process modelling ®PROMOL
is, that out of the relational data-base there can be generated a Web-model automatically, lets say
“pushing a button”, which is able to present all information by Web-compatible html-pages.
Processes and objects may be “clicked on”. Once the relations of the elements within the data
base are fixed, they keep obtained and are converted into hyperlinks in order to be able to “surf"
through the defined business processes. To use this “Web-model” it is only necessary to have
available a Web-browser as software-tool. Thus a “paperless” QM-system is developed.
By using this method full transparency is achieved to know which activities are done, as well as
how, wherewith and by whom they are done. The use of this Web-model requires nearly no PCresources and is also capable to run without a network, for instance from Compact Disk. This
feature enables it to run without restrictions also during field work. Even paper documents may be
generated data base supported. Each employee – being in the office in front of the PC, or at field
service at the station, as well as being just mobile – is capable to recall the actual descriptions of
his tasks and has got available all actual versions of documents, like formulas and check lists. This
is an essential precondition for save processes.
Here some examples that show, that in many cases clear information can be obtained also on
complex matters:
1. Identification of possible effects on the business processes due to changes in the staff.
2. Assessment of influences from outside on the business process (changes in customer
requirements, measuring methods, changes in the basic measurement network requirements)
3. Merging and splitting of organisations and parts of organisations
5. Checking the prototype process model on the Standard’s conformity
The Standard defines that organisations using a QM-system are able to achieve an internationally
valid certificate, which confirms, that the organisation’s quality management system fulfils the
Standards requirements according to ISO 9000. The check, if such a certificate is to be awarded, is
a certification audit. Such audits are performed by certification companies. An audit always
consists of two parts.

Question 1: Does the documentation of the business processes fulfil the requirements of the
Standard ? (verification of documents)
Question 2: Are these specified business processes really performed within the organisation ?
Because within the actual project only the prototype process model is available, the answer on
above mentioned question 2 is not applicable. Anyway the prototype process model will then be a
subject to investigation by the audit body, performing a so called “verification of documents”.
The confirmation that all described processes are according to ISO 9000 means for the operator,
who establishes an own QM-system, that the Standard’s conformity is automatically granted when
using the prototype process model. An essential saving of costs should be the result when
introducing quality management.
6. Prospect
Why did just Logotronic as a manufacturer of hydrological and meteorological measurement
systems engage in such a project? Initially due to the well defined and comprehensive procedures
in the measuring network, it is also possible that the quality of the measuring instruments installed
is judged objectively by the network operator. Logotronic’s own quality demands therefore become
objectively revisable within its practical usage at the customer. Furthermore while using most
advanced technology in the measurement stations as well as in the measurement network, new
functionalities may be implemented. Essential parts having been defined within the QM-process
model are supplied by the measuring instruments by themselves. The objective to achieve a
widespread automation for necessary QM-processes is therefore a basically and future principle of
the development of Logotronic products. The QM-system and its suitable technology will therefore
be offered as product package belonging together.

Figure 4: QM-system and instrument technology as a complete package
Example: The re-calibration of a sensor at the measuring station will be registered automatically by
the station- manager (datalogger). The measurement system automatically stores all QM-relevant
additional information like user-identification, date, time, previous and actual calibration coefficient,
measurement values which were used for calibration ........ These data, together with the
measurement data, are transferred to the network-centre and there automatically processed and
stored accordingly. The presented prototype process model will be put into operation at a test
installation within the forthcoming months at a big measuring network operator and there be tested
on its practical efficiency. Based on this practical experiences a fine adjustment will take place.
Thereby however it is considered not to reduce the universality of the prototype project model.
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1. Station instrument exposures can vary uncomfortably.
Applied meteorology work, for forecasting, or for climate analysis, or for small-scale studies of agricultural or
environmental problems, nowadays usually means putting data from weather observation stations into some
computer model, and then analysing the model output. The basic assumption of many modellers is that all
official station observations conform closely to the rules of instrumentation, exposure and siting which are
given in the WMO-CIMO Guide. Unfortunately, for logistic reasons such conformity is often quite impossible
with respect to siting. In busy locations (such as airports) space is often scarce, so many stations have to
make their observations in a significantly obstructed location. In regions which are not so crowded, station
location may be primarily based on availability of an observer, or of power supply. Moreover, well calibrated
instruments may have been mounted in undesirable or unexpected positions.
To transform observations made at, say, a dubiously exposed airport station to an agricultural location we
can use nowadays boundary-layer models (e.g. Van Ulden and Holtslag 1985, Brown and Gillespie 1991, Li
and Avissar 1994, Castellvi et al. 2001). However, such models require information input on how
observations were really made at the station -- to begin with, the actual observation heights of temperature,
humidity, wind and precipitation. For thermal transformations some information is needed on e.g. albedo, soil
heat conductivity, soil wetness and vegetation at the station. For wind transformation, surface roughness and
location of obstacles around the station must be known. Such circumstantial facts about the station situation
are called metadata.
Unfortunately, experience (e.g. in making the European Wind Atlas) shows that in most countries no
metadata about station siting and exposure are archived. Such information is often not even available from
station keepers, even where good records on the technical state of the instrumentation exist. Often the only
non-technical specifications of surface stations, which are officially listed, are geographical coordinates
(location names not being sufficient, since there may be several stations in a city or village) and the elevation
above sea level. One cannot then be surprised any more that many mesoscale studies of atmospheric
surface parameters consist mostly of purely mathematical spatial interpolation (e.g. Gozzini et al., 2000).
One reason for ignorance may be that the WMO in its Guides for instrumentation and for observation
practices gives good advice on how measurements SHOULD be made, but gives no clear instructions for
describing how and where they ARE really routinely made. It is then not surprising when observers do not
provide such records (assuming that those who installed the station knew what they did), or when inspectors
restrict their reporting to technical matters. A close-up photo of some instrument does not inform anyone
about the degree of shelter and disturbance in its surroundings.
For evaluating station exposure errors, the CIMO Guide states that they are "best determined by comparing
station data against numerically-analysed fields using neighbouring stations." However, this approach is
unreliable to evaluate site effects for two reasons. The first reason is that compared stations usually each
have local problems of exposure, and then causes of differences are difficult to assign. Second, regional
homogeneity is object of climatological study, and it may not be assumed beforehand for station calibration
reasons -- that is why the Guide suggests numerical analysis. But since the average budget-determined
distance between stations in Europe is 50 km ± 20 km (elsewhere probably more), the errors in numerical
network model results will be too large to provide reliable determinations of exposure errors.
Summarizing, if we have only a set of observations from some station network, it is an illusion that these
data by themselves will furnish enough information on their quality. We really need station site and exposure

metadata to judge the quality of observations and their representativity. Leroy (1998) proposed to give
stations a classified evaluation from 1 (exposed according to CIMO Guide criteria) to 5 (inadmissibly
obstructed), listing specified criteria for temperature, precipitation and wind. However, his approach seems
not optimal because moderate exposure deficiencies are model-corrigible, but only from quantitative
information on soil properties and sheltering roughness, to be discussed below. Class numbers are not
usable as correction input.
2. Exposure dependence of station observations.
Let us take an example where simply knowing the observation height is needed. Evaporation is proportional
to the water vapour pressure gradient between the surface and the overlying air. A gradient is a difference
divided by a distance; this may seem trivial - but if under fully-wet surface conditions a certain (low) vapour
pressure is measured in a Stevenson screen at 2 m height (customary in France or Norway), the
evaporation is likely to be only two-thirds from what it will be if the same vapour pressure is measured in a
screen at 1.2 m height (customary in England) - other conditions, like radiation and wind, being equal. In this
context, it would be downright misleading to compute a map of evaporation in Europe from station data
without using the humidity observation height of individual stations as model input (Wieringa and Lomas,
2001).
For observing the surface heat regime, the importance of soil properties is clearly shown in a model study of
Zdunkowski and Trask (1971) on nighttime temperature development above various soils. Eight hours after
sundown in a clear radiation night, air cooling at thermograph height is estimated to be 4.5 °C over rocky
soil, 7° over sandy clay and 13 ° over quartz sand. The degree of surface vegetation will give an additional
effect. Such model results are well supported by various field investigations (e.g. Beljaars and Holtslag,
1991). Zdunkowski and Trask (1971) also showed that it can make a systematic difference of a factor five, in
nocturnal inversion height if the station subsoil is either sandy or rocky. For data users the problem is that
documentation on the thermometer screen siting is seldom available. Generally also the small-scale
elevation variations of a few meters near the screen are unknown, while occurrence of a "frost hollow" can
change Tmin easily by 5° or more (Hopkins 1977).
Wind observations are most sensitive to shelter by high roughness or by obstacles, because the length of
obstacle wakes is at least 10 obstacle heights -- a much larger distance than seems intuitively plausible.
Many wind masts, said to be in an “open" location, are actually seriously sheltered and underestimate the
wind in really open terrain by 20% or 30%. Therefore many models of vertical turbulent exchange of
atmospheric properties do not use any surface wind speed data, because the shelter error is unknown and
may be large. But an objective shelter correction procedure exists (Wieringa 1986), requiring as input the
effective roughness zo generated by surface vegetation and obstacles in the nearest kilometers upwind. This
zo can be obtained from the gustiness observed by the anemometer itself (Verkaik, 2000), but it can also be
estimated from visual appraisal of available information in maps, surface or aerial photos. For such appraisal
we need classifications of effective terrain roughness, and the most reliable of these (by Davenport) is given
in abbreviated form in Table 1.
3. Feasibility criteria for exposure and siting documentation.
For meso- and toposcale weather data application, at least within a characteristic radius of the order of 5 km,
it is necessary to know how well the weather station is exposed (Wieringa, 1998). lf we want to have
sufficient station site information for most of the meteorological stations in the world within a few years, it
may be made feasible by providing the station keepers with a simple template for describing their station
exposure and site. This must not ask for things which are difficult to measure well, such as the desired soil
conductivity - in that case, ask for specification of the composition of the soil. Or, getting measured
roughness for 12 azimuth sectors may be desirable, but you may actually get something if you ask for zoclass estimates in four directions.
Such information may well be sufficient for primary operational estimates of site effects. Also, readily
deliverable information is also the kind of information that can be adequately well checked during a hasty
station inspection. Finally, such a one-time request for facts does not carry a quality judgement (which,
anyway, may vary by data user), so collection and archiving may proceed without social blockages. Updating
is of course desirable - also of the description of the station instrumentation, since change to e.g. a new type

of screen and thermometer can cause significant systematic changes in the station data (Quayle 1991),
incorrectly suggesting a change in local climate.
The following summary description of station exposure was discussed at a meeting of the WMO-CIMO
Working Group on Surface Measurements in Geneva, August 2001. It was considered very useful, and
should be developed for inclusion as an Annex to the first chapter of the 7th edition (2003 ?) of the WMOCIMO Guide. A draft template of such a one-page exposure description for a hypothetical station is sketched
below. The desired final result is to be availability of a workable minimum of site and exposure metadata in a
few years for many of the regular weather stations in the world.
METEOROLOGICAL STATION SITE AND EXPOSURE
Identification: name and number, coordinates, elevation. Date of description update.
General: 1:5000 map (100 x 100 mm = 500 x 500 m) with enclosure in map centre and locations of buildings
and trees (with height) and pavement, and of out placed instruments. Contours of 1 m elevation
differences relative to enclosure. At map edges, notes on major distant terrain features (built-up areas,
woods, open water, hills etc.).
Temperature and humidity: sensor height; artificial ventilation ? type of soil (to 1 m depth) and vegetation
below thermometer screen.
Radiation: horizon sketch, high 25 mm = 10 degrees.
Precipitation: gauge rim height.
Wind: anemometer height (it not free-standing, also dimensions of building below); Davenport roughness
classification of terrain to N, E, S and W. (If wind is measured al location outside enclosure, also
height, distance and azimuth of nearest obstacles).
TABLE 1: Effective terrain roughness classification
Class
Nr. Name
1: Sea

Roughness
length (m)
0.0002

2: Smooth

0.005

3: Open

0.03

4: Roughly open

0.10

5: Rough

0.25

6: Very rough

0.5

7: Skimming

1.0

8: Chaotic

≥2

Landscape description
Open water, flat Plain, fetch > 3
km
Obstacle-free land with
negligible vegetation, marsh,
ridge-free ice
Flat open grass, tundra, airport
runway, isolated obstacles
separated by >50 obstacle
heights H;
Low crops or plant cover,
occasional obstacles separated
by ≥20 H
Crops of varying height,
scattered obstacles with
separation x ≈ 12-15 H if porous
(shelterbelts) and x ≈ 8-12 H if
solid (buildings)
Intensively cultivated landscape
(x ≈ 8 H) with large farms,
orchards, bushland; or low wellspaced buildings and no high
trees (x ≈ 3-7 H)
Full similar-height obstacle
cover with interspaces ≈ H, e.g.
mature forests, suburban town
area
Irregular distribution of very
large elements: high-rise city
centre, big irregular forest with
large clearings

References:
Beijaars, A.C.M., and Holtslag, A.A.M. (1991): Flux parameterization over land surfaces for atmospheric models.
J.Appl.Meteor. 30, 327-341.
Brown, R.D., and Gillespie, T.J. (1991). Estimating crop-top microclimates from weather station data.
Atmosphere-Ocean 29, 110-132.
Castelivi, F., Stockle, C.O., Perez, P.J. and lbanez, M. (2001): Comparison of methods for applying the Priestley-Taylor
equation at a regional scale. Hydrol. Process. 15, 1609-1620.
Davenport, A.G., Grimmond, C.S.B., Oke, T.R., and Wieringa, J. (2000): Estimating the roughness of cities and sheltered
country. Prepr.12th AMS Conf. Applied Climatology (Asheville, N.C.), 96-99.
Gozzini, B., et al. (2000): Cooperation and comparison of several interpolation methods of meteorological data (minimum
temperature). EC-COST-Action Report EUR-19545.
Hopkins, J. S. (1977): Spatial variability of daily temperature and sunshine over uniform terrain.
Meteor.Mag.106, 278-292.
Leroy, M. (1998): Meteorological measurement representativity, nearby obstacles influence.
WMO/TD-No.877, lnstr.Obs.Meth.Rep.70,51-54.
Li, B., and Avissar, R. (1994): The impact of spatial variability of land surface characteristics on landsurface heat fluxes.
J.Climate 7, 527-537.
Quayle, R.G., Easterling, D.R., Kan, T.R., and Hughes, P.Y. (1991): Effects of recent thermometer changes in the
Cooperative Station Network. Bull.Am.Meteor.Soc. 72, 1718-1723.
Van Ulden, A.P., and Holtsiag, A.A.M. (1985): Estimation of atmospheric boundary layer parameters for diffusion
application. J.Clim.Appl.Meteor. 24, 1196-1207.
Verkaik, J.W. (2000): Evaluation of two gustiness models for exposure correction calculations.
J.Appl.Meteor. 39, 1613-1626.
Wieringa,

J.

(1986):

Roughness-dependent

geographical

interpolation

of

surface

wind

speed

averages.

Quari.J.Roy.Meteor.Soc. 112, 867-889.
Wieringa, J. (1998): How far can agrometeorological station observations be considered representative?
Prepr. 23rd Am. Meteor. Soc. Conf. on Agricultural and Forest Meteorology (Albuquerque, N.M.) 9-12.
Wieringa, J., and Lomas, J. (2001): Lecture notes for training agricultural meteorological personnel.
WMO-No.551, 2nd ed., 196 pp.
Zdunkowski, W.G., and Trask, D.C. (1971): Application of a radiative-conductive model to the simulation of nocturnal
temperature changes over different soil types. J.Appl.Meteor. 10, 937-948.

POSSIBILITY OF USE OF NEW S3C FUZZY LOGIC FOR IMPROVEMENT
OF BAROMETER CALIBRATION PROCEDURE
Mladen B. MILINKOVIC
Federal Hydrometeorological Institute of Yugoslavia,
Belgrade, Bircaninova 6, Yugoslavia
Phone: 645779, fax: 646369, e-mail: mmilinkovic@meteo.yu
Dr Dragan G. RADOJEVIC,
Institute "MIHAJLO PUPIN" Automation&Control Laboratory
Belgrade, Volgina 15,Yugoslavia
Phone: 772020, fax: 774265, e-mail: draganr@L100.imp.bg.ac.yu

1. Introduction
National Meteorological Laboratory (NML) has been formed and equipped within the Federal
Hydrometeorological Institute of Yugoslavia, 50 years ago. NML disposes with set of standards for principal
meteorological parameters such as atmospheric pressure, air temperature, humidity, wind and solar radiation.
Testing equipment has been improved following the development of meteorological instruments and applied
measuring techniques through automation of calibration process using PC platforms [5].
This paper deals with data sets which has been achieved through complex procedure of national standard
barometer calibration and transfer (tracebility) of measured values to barometer of lower class of accuracy. In
this case measured uncertainty of the individual parameters and their mutual interaction are treated in a way
more general then that of classical theory of probabilities.
The paper presents possibility of use of new fuzzy logic, which is the most general implementation of
Syntactic Structured and Semantic Convex (S3C) logic.
2. General
It is well known that most accurate measurement of air pressure can only be achieved by use of mercury
barometers, which may be produced in such precise way to function as “absolute” instruments. Barometers
of other constructions or principle, in the sense of accuracy are treated as “relative” instruments, because in
use have to be calibrate against mercury barometer. Digital barometers of new generation, have a very
sophisticated construction and lot of incorporated improvements, but still having the same reasons in mind,
have to be treated as relative instruments. Well known fact for barometers is that if temperature influence are
not compensate or removed appropriately, during the measurement some systematic error in instrument
readings will certainly occur and what is most important the amount will not be constant [8].
For quite a long time measurement of air pressure with mercury barometer was complicate and time
consuming process, due to need that during the calibration and/or measurement all of necessary set of
correction should be included . Use of aneroid barometers, are by the sake of lower precision give some
relief, but was not lower number of different factors which may induce on measurement accuracy. Real
improvement has been appearance of digital barometers of new generation, which are in turn because of
improved performances today are wide used in AWS, but also in precise laboratory measurements. In the
first glance, number of factors which influence on measured values are reduced, but in fact is not so.
Namely, only very limited number of measuring sites have enough number (at least 3) of digital barometer
of high accuracy, so that values from national standard can be conserved by their intercomparision .
Outside the National Laboratory , most common case is that there are only a few of standard of lower
category , which are periodically verified with measurement of national standard barometer by use of
transfer standard [2].
Consequently , all measurement are “rounded” of fact how often and successfully are measured “true value”
from national standard barometer and later on, from reference barometer on meteorological station.
It is well known that measured value of air pressure must include exact measurement of height of mercury
column and temperature of barometer tube.
Mutual influence of other parameter of ambient in which intercomparation and/or measurement are done
also have to be known and if it is possible controlled. In that sense it would be of great importance if
mutually interference parameter can be quantified, and pondered in polinom function which define
measured uncertainty (error) of each measurement.

3. Realization of complex measuring chains
Laboratory has large standard mercury barometer of R.Fuess type (system Wild-Pernet-Fuess) with readings
improved by means of optical device (katetometer WILD HEERBRUGS KM 169), and Digital pressure
gauge MENSOR DPG II as transfer standard. These two standards are intercompared before and after each
calibration process. The testing and calibration of sensors is performed in special baro-chamber by
connecting them to a special input in the acquisition unit. In Laboratory there are two improved barochambers, as well as a special baro-chamber which is used for calibration of all station mercury barometer
types over full range (800 – 1070 hPa) by means of given programmed pressure values. When stabilized
measuring conditions are achieved through measuring and regulation devices controlled by PC, the
acquisition of valid data starts.
4. Description of instruments and design concept
In our National Meteorological Laboratory work with national standard barometer are done under standard
strict procedure which are in more details given in literature.
Within the period of our regular periodical supervision (long-term tracebility) we also performed detailed
measurement of indoor microclimate, by borrowed Indoor Climate Analyzer (ICA) Type 1213,
manufactured by Bruel&Kjaer (Denmark). This is a precision instrument for measuring the individual
physical parameters which influence the indoor climate. It measures air and surface temperatures, humidity,
air velocity and radiant temperature asymmetry. Up to 60 measurement of each parameter can be store in a
nonvolatile memory.
This measurement was of special interest for us because we were able to examine individual and mutual
influence of mentioned parameter on measurement accuracy. Previously defined condition of “ideal
measurement” was; air temperature 20oC, RH 30-40%, radiant temperature asymmetry not exceed 5oC, no
vibration, outside wind from 0-1 m/sec, pressure tendency < 1 hPa/h.
Periodical verification of standard barometer by chance, have coincided with request to NML for calibration
of new mercury station barometers (Theodor Friedric, type 5119 /3 psc/, tracebility to PTB) and digital
barometers; (Digital Pressure Transducer SETRA 270 /2 psc/, and SETRA 470 /3 psc/ and Digital Pressure
Gage SETRA 370 /9 psc/, tracebility to NIST) . We have used that favorable occasion to perform complex
measurement session.
Schematic presentation of measuring chain for analysis of influence of measuring condition on barometer
calibration are given on Fig. 1.
Combination of work on standard and barometers with simultaneous work on digital barometers, for two
week, result in set of 840 measured values on which are adequate statistic for evaluation are applied [4] .
Results was “calibration curves”.
For analysis of overall measured uncertainty (error), following parameters are concerned:
- rate of influence of air temperature on mercury column temperature;
- influence of air temperature on katetometar body temperature , (coefficient of scale distortion
are 0,0000085 mm/oC) ;
- precise measure of capillary depression and state of vacuum [3];
- possibilities of incorporation uncertainty of measurement of local g.
Note: All barometers are placed at same height with deviation <0.03m.
During the measurement following rules are applied:
- measurement was done by same person;
- measurement was done using the same procedure;
- monitoring of process and evaluation of data from standard and controlled instruments was done by use
of our software.
Measurement was done by use of specially constructed baro chamber for station barometers (all type),
which enable precise variation of air pressure in range of ± 100 hPa.
Digital barometer was calibrated in baro chamber and controlled with digital transfer barometer MENSOR
DPG II (USA) in the range from 800 to 1100 hPa, with 10 hPa steps.

5. Data evaluation and error analysis
Classical approach are based on linearity and additivity of individual influence on measurement uncertainty.
However, in general case, relation between uncertainty and its influence are not linear, so new approach
which has been applied aimed to analyze different influences and their interactions.
Some correlation has been established, i.e. under the consideration was influence of individual factor (which
has been pondered as a result of long term investigation) and afterwards spectral probabilities was done
which define ± 2σ, in which have to be a “true value”.
Since, the probabilities are based on quite unprecise inclusion/elimination of possible events, those were
used to introduce a conception of new fuzzy logic as a broader frame.
6. Summary
As a difference to classical statistic, logical statistic (based on new fuzzy logic) make possible testing of
nonaditive causal-consequence relations. Nonaditivity, in this sense means that effect of more influences on
uncertainty are not simple sum of individual ones. Therefore, uncertainty are treated as a function of cause
interaction, and new approach identify the logic of cause influence to uncertainty.
The prototype of those software’s are developed in Institute "MIHAJLO PUPIN" Automation&Control
Laboratory, and are based on MATLAB 6.1.
Application of fuzzy logic on results obtained by measurement, have sense in such circumstances, when
measurement results are under influence of more parameter of physics, physique-chemical process, or
combination of physical and electrical quantities etc.
By our opinion , those highly difficult problem in near future can be successfully solved by use of new fuzzy
logic. When soon we would be able to followed with more confidence and automatically, all element which
influence on air density during the operation in Wind tunnel, we expect that valuable results, with use of this
fuzzy logic, will be obtained in border range of generated air speeds. Intensive work on that field are in
progress.
We expect that application of new S3C fuzzy logic on data sets which has been achieved in calibration of
other meteorological parameter would improved evaluation of calibration results in National Meteorological
Laboratory of FHMI.
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8. Appendix
Summary of main characteristic of Syntactic Structured and Semantic Convex (S3C) logic
This summary presents possibility of use of new fuzzy logic, which is the most general implementation of
Syntactic Structured and Semantic Convex (S3C) logic. S3C logic consists of:
(a) Structured syntactic level, and
(b) Linear convex interpolation on semantic level.
In S3C logic on syntactic level, well-formulated logical formulae are structured (characterized) by logical
({0,1}-valued) set functions. Boolean algebra is defined on the set of all structures of nary well-formulated
logic formulae with two binary and one unary logical operations for which all logical properties - tautologies
of classical logic are satisfied (Idempotence, Commutativity, Associativity, Absorption, Distributivity,
Universal bounds, Complementarity, Involution, Dualization). As a consequence the new structural
functionality principle, are defined on syntactic level. The structural functionality principle says that the
structure of a compound logical formula can be directly calculated on the basis of structures of component
formulae. The structural functionality principle is fundamental logical principle and it is irrelevant of its
semantic implementations: {0,1}-valued (classical) logic, multi-valued and/or [0,1]-valued logic - S3C fuzzy
logic. Only in the case of classical logic the truth functionality principle is a direct consequence of the
structural functionality principle and this is the reason why this principle is natural only for classical logic.
Application of this principle should not take place in a general case; it is the main cause of problems in other
many valued and/or fuzzy logic’s.
In S3C fuzzy logic, logical formula function is a linear convex interpolation of logical formula structure
elements. Interpolation coefficients are basic logic functions, which depend on the truth-values of elementary
logical formulae (atoms) - as variables; and on the chosen t-norm from the set of the feasible t-norms - as a
parameter.
Contrary to others fuzzy logic’s, S3C fuzzy logic has all main properties of classical logic:
(a) All tautologies (and/or contradiction) of classical logic are tautologies (and/or
contradiction) of S3C fuzzy logic (for example the basic logical laws apply:
excluded middle and contradictions).
(b) Semantic equivalent logical expressions in the classical logic are equivalent in S3C
fuzzy logic too.
(c) The choice of the basic logical operators (the basic set of logical operators by means
of which all other operators are constructed) is irrelevant in S3C fuzzy logic as in
the classical logic.
(d) The number of semantically different logical formulae in S3C fuzzy logic depends
only on the number of logical variables (i. e., the number of possible truth values is
irrelevant for the number of possible semantic different formulae).
(e) Classical deduction and completeness theorems apply.

3
2
4

1. Standard barometer
with katetometer
2. Baro-chamber for
station barometer
3. Transfer standard
MENSOR DPG II
4. Digital barometers
SETRA
5. ICA device

6

6. PC platform for
data analysis

1
5
Figure 1.

Schematic presentation of measuring chain for analysis of
influence of measuring condition on barometer calibration
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Abstract
A suitable qualification module for rain intensity measurement instruments is proposed based on an
automatic procedure for dynamic calibration of traditional Tipping Bucket Raingauges (TBRs). Following an
initial background of dedicated laboratory tests, which assisted in producing reference calibration curves for
various types of commercial gauges from different manufacturing companies, the effects induced by
systematic mechanical errors on the derivation of common statistics of rainfall extremes have been
quantified. This research provides the needs and the requirements for the development of quality check
procedures that can be easily shared among rain gauge manufacturers and implemented in view of the
formulation of any suitable international standard. This would allow easy and accurate exchange of high
quality precipitation data between organisations, e.g. in the framework of existing data exchange initiatives
at the European and global scale.

Introduction
The correct measurement of liquid precipitation (rain) and other meteorological and hydrological variables,
as well as the correct interpretation of historical data will be of foremost importance in the future for the
prediction of changes in weather patterns affecting the whole climate of the Earth. In this respect, rain gauges
provide the only direct measurements of rainfall intensity at the ground and are usually referred to as the
“ground truth” in rainfall monitoring. Newly developed techniques for extensive rainfall observations based
on remote sensing (essentially weather radar, airborne radiometers and satellites) provide a space-time
description of rainfall fields, but still require the use of rainfall measurements from rain gauges for
calibration and validation purposes.
Improvement of the reliability of Rain Intensity (RI) measurements as obtained by traditional tipping-bucket
rain gauges (TBRs) and other types of gauges (optical, weighting, floating/siphoning, etc.) is therefore
required for use in climatologic and hydrological studies and operationally e.g. in flood frequency analysis
for engineering design. Standardisation of high quality rainfall measurements is also required to provide a
basis for the exchange and valuation of rainfall data sets among different countries, especially in case
transboundary problems such as severe-weather/flood forecasting, river management and water quality
control are operationally involved.
Liquid precipitation measurements are affected by different sources of both systematic and random errors,
due to wind, wetting and evaporation induced losses [e.g. Sevruk, 1989] which makes the measurement of
light to moderate rainfall scarcely reliable without adequate correction. Snow measurements are even more
difficult as snow is more sensitive than rainfall to weather related errors.
The traditional tipping-bucket rain gauge is also known to underestimate the higher rain rates because of the
rainwater amount that is lost during the tipping movement of the bucket [Marsalek, 1981]. Though this
inherent shortcoming can be easily remedied by means of dynamic calibration [Calder and Kidd, 1978;
Niemczynowicz, 1986], the usual operational practice in meteorological services and instrument
manufacturing companies relies on single-point calibration, based on the assumption that dynamic
calibration has negligible influence on the total recorded rainfall depth. This results in systematic
underestimation of intense rainfall rates that can be quantified – in the case of the SIAP family of rain gauge
analysed in our survey – in the range 10-15% at rain rates higher than 200 mm/h.
The error increases as a function of the rain intensity and heavily affects the derived statistics, with nonnegligible consequences on the numerical estimates of parameters involved in the common statistical tools
that are used for the characterisation of extreme events (GEV and TCEV distributions, depth-durationfrequency curves, etc.).
The present paper focuses on both the development of a laboratory module for qualification and testing of
rain intensity measurement instruments and the demonstration of the relevant biases associated with non
calibrated gauges when addressing the estimation of statistical parameters used for characterisation of
extreme rainfall rates and their probability of occurrence.

A laboratory qualification module for RI measurement instruments
The Final Report of the WMO Expert Meeting on Rainfall Intensity Measurement held in Bratislava during
April 2001 includes as the main Recommendation that a laboratory calibration test is initiated in order to
compare various state-of-the-art methods for rainfall intensity measurements. In order to undertake such an
inter-comparison effort further recommendations requires that a standardized procedure for generating
consistent and repeatable precipitation flow rates be developed for possible use as the laboratory standard for
calibration of catchment type gauges.
At the laboratory of the Department of Environmental Engineering of the University of Genoa, an automatic
device has been designed to satisfy such requirements and a prototype realised that is illustrated in Figure 1.
The device, named “qualification module for RI measurement instruments”, is based on the principle of
generating controlled water flows at a constant rate from the bottom orifice of a container where the water
levels is varied using a cylindrical bellow. The water level and the orifice diameter are controlled by
software in order to generate the desired flow rate. This is compared with the measure that is contemporary
obtained by the RI measurement instrument under consideration and dynamic calibration is possible over the
full range of rain rates usually addressed by operational rain gauges.

Fig. 1: The developed qualification module
for rain intensity measurement instruments.
A wide survey of operational rain gauges has been performed in a previous work [Lombardo and Stagi,
1997] - both in meteorological stations and in laboratory tests - on some 60 instruments in the Liguria region
of Italy, demonstrating the need of periodic checking using dynamic calibration. Forty out of the rain gauges
analysed are currently used by the National Hydrographic Service in Genoa (Italy), while the others are from
private enterprises or different organisations.
Calibration results are expressed in terms of the coefficient of the calibration curve, which is usually
assumed as a power law in the form:
(1)
I =α ⋅Iβ
R

with I the true rainfall rate, IR the rain rate measured by the gauge, and α and β the calibration parameters
that are synthetically reported in Table 1 for the set of instruments analysed.
Manufacturer
SIAP
MTX
CAE
SILIMET
LASTEM
MICROS
ETG
KIMOTO
ISCO

Number of Gauges
37
1
1
1
9
3
1
1
1

Coefficient α
0,860
0,759
0,824
0,960
1,063
0,979
1,018
0,663
0,336

Table 1: Calibration parameters for various types of commercial TBRs.

Exponent β
1,046
1,076
1,058
1,037
1,058
0,986
0,994
1,133
1,284

The bias induced by systematic mechanical errors on rainfall statistics
The major consequence of biased measurements of rainfall is concerned with its propagation to hydrological
analysis based on such measurements. The error evidence has been further analysed aiming at quantitative
analysis of the bias propagation. The calibration procedure indicates which are the rainfall events to be
considered significantly affected, and on that basis the analysis of historical data points out the extent to
which rainfall statistical analysis, particularly extreme event analysis, can be affected by the bias.
The investigation provided quantitative estimation of how rainfall statistics can be affected by systematic
error measurements. If the conjecture of higher errors on rainfall intensities observed for short duration is
intuitive, it is difficult to find in the literature results from systematic studies that provide quantitative
estimates of this. Most of the corrections methods are indeed used with respect to rainfall totals at large
temporal scales of aggregation. The need for short term rainfall measurements and the importance of these in
many engineering problems claim for improved methods that are designed to correct past rainfall
observations.
Since mechanical errors mainly affect the higher intensities (i.e. rain amounts that are measured in very short
intervals in time) the recovering of historical series is only possible when very fine resolution data are
available. Unfortunately most of the historic information is either obtained from the interpretation of rain
charts or at best stored in terms of cumulated values over time intervals of 30 to 60 minutes. Small-scale
details of the rain process are definitively lost for most sites where suitably calibrated gauges are
progressively installed. Any correction of past data sets must be therefore applied on disaggregated series at
least down to 5 minutes in time, where the rain intensity is higher and the errors are significant. Such an
exercise only permits statistical correction of the aggregated data and requires accurate studies of the
temporal structure of the rain process at fine scales, and of specific processes – such as the intermittence –
that might play a relevant role at such scales [Molini et al., 2001].
Accordingly, techniques to correct historical records of short duration rainfall observations after proper
disaggregation of the original figures have been developed and, on the basis of the corrections resulting from
application of the proposed techniques, the influence of the errors has been investigated with reference to one
of the most popular tools used for the statistical characterisation of rainfall extremes, i.e. the depth-durationfrequency curves. These have been derived under the hypothesis of a Gumbel (EV1) distribution for rainfall
extremes, and the results reported here refers to the meteorological station of the Historical Observatory of
Chiavari (Italy) where rainfall data are have been continuously recorded since 1883 on a daily basis and
since 1960 on a hourly basis.
Rainfall data have been disaggregated using a random cascade algorithm based on weighting parameters
derived from the one minute data recorded at the nearby station of the University of Genoa (with data over
the period 1990-2000). Monte Carlo simulations of the disaggregated data series have been performed for a
total of 1000 runs, and the obtained rain series have been re-aggregated at suitable time scales. For each
generated scenario the corresponding depth-duration-frequency curve has been derived and the set of curves
obtained is plotted in Figure 2 against the original one (derived on the basis of non corrected data).

Fig. 2: Sample results of depth-duration-frequency curves based on corrected (ensemble of 1000 Monte
Carlo disaggregation runs – grey shade) vs. original data sets (black line and dots).

It is evident from the diagrams in Figure 2 that rainfall events of any given duration are largely
underestimated, with an error on the associated return period T that can be estimated at about 100% for T =
100 years. More detailed results of this study are already published in La Barbera et al. [2002], where the socalled “equivalent sample size” is introduced as a suitable parameter to quantify the impact of such errors on
the common hydrological practice.

Standards and certification procedures for rain gauge instruments
In the European Commission Working Document on Research and Standardisation (COM98/31), standards being one of the tools to foster homogeneous quality - are recognised to be in a strategic position to promote
the competitiveness and interoperability of products and services. Standards thus provide a bridge between
the technical domain and the regulatory and economic framework. The development of new standards and
their implementation however depend on considerable amount of preliminary research.
The opportunity to combine scientific and technological developments with investigations on pre-normative
issues, provide a measure of the suitability of any newly developed instrument and calibration methodology
to act as the basic technical references for a new European standard gauge.
This would complement the interests of CEN/TC 318 “Hydrometry”, aimed at “the standardisation of
methods and instrumentation relating to techniques for hydrometric determination including (…)
precipitation”. In CEN TC 318 an EN (European Standard that carries with it the obligation to be
implemented at national level by being given the status of a national standard and by withdrawal of ant
conflicting national standards) on a standard reference rain gauge pit has been already prepared within the
efforts of WG5 towards a “Reference rain gauge station”. At the knowledge of the authors there is no activity
within ISO on this subject, although the subject in principle could be included under ISO/TC 113.
The economic impact of standardisation in this field is evident, recalling that the total turnover of the water
industry in Europe is estimated to be EU 58,000 million of which the hydrometric element is estimated to be
EU 190 million. Most national members have a selection of their own national standards within the scope of
TC 318. For many years, the World Meteorological Organisation (WMO) has been publishing its own
Technical Recommendations on some aspects of the work, and the International Organisation for
Standardisation (ISO) has published, and continues to publish, a large number of International Standards and
Technical Reports. Following the Terms of Reference of the WMO Commission for Instruments and
Methods of Observations an expert meeting on rainfall intensity measurements was held and the organisation
of a related laboratory inter-comparison is now suggested, together with the introduction of precipitation
correction procedures and development of further correction procedures based on simulations. On these basis
the need for some further steps towards homogenisation of standard quality of instruments as well as towards
the establishment of criteria to assess data quality is more than evident.
The development of a qualification module for RI measurement instruments allowing quality assurance and
metrological confirmation of rain gauges according to the European Standard ISO/EN30012-1 is just a first
step ahead in this direction, although much work is still required in terms of the accuracy and range
requirements, the proper configuration of the calibration equipment, the expected performances and the
definition of a standard method of testing. Controlled laboratory conditions should be ensured and a common
procedure established that can be easily repeated in any equipped laboratory.
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The Questionnaire of the WMO/CIMO on recording precipitation gauges, RPG, shows that almost
all WMO Members responding the Questionnaire, support the proposed international
intercomparison measurements of such gauges. Surprisingly enough one-half of them even agreed
to participate in such intercomparisons as can be seen from the paper by Sevruk and Michaeli
(2002) published in this volume. Such an intercomparison was also recommended by the CIMO
Expert Meeting on Rainfall Intensity Measurements held in Bratislava, Slovakia in April 2001
(WMO, 2001). Having this in mind and being also the host of the upcoming TECO and CIMO-XIII
in Bratislava, the Slovak Hydrometeorological Institute, SHMI decided to carry out national
intercomparison measurements of RPG. The primary aim was to test the possible method of such an
international intercomparison and in such a way to contribute to the numerous activities of the
CIMO in the field of precipitation measurement. This decision was not accidental. The SHMI has a
long tradition in the precipitation measurement research. It belongs to the first countries world wide
such as the former Soviet Union, Nordic Countries and Switzerland, which developed correction
procedures of systematic precipitation measurement errors as recommended many times since more
than 30 years by the CIMO (WMO, 1985: Samaj and Lapin, 1985; Sevruk and Hamon, 1984).
Methods
The field tests were carried out at two Experimental stations of the Slovak Hydrometeorological
Institute in Bohunice and Liesek in Slovakia (Table 1). In the present paper the preliminary results
(i) of the wind-induced loss, D, of orographic rain measurements using the new OTT-Pluvio
electronic-weight-recording gauge with a very high resolution of 0.01 mm per minute in Bohunice
are discussed. Moreover (ii) the effects of measuring time intervals t of 15 and 60 minutes on the
loss D are analysed. The thunderstorms, having intensity greater than 8 mmh-1 were not considered.
The importance of this work lies also in the fact that (iii) very small intensities i‹0.25 mmh-1 and
(iv) measuring intervals t are included in the analysis. In addition, (v) the results of field test have
been compared with the results of the numerical simulation (Nespor, 1998; Nespor and Sevruk,
1999).
Table 1
Climatic* and topographic characteristics of Experimental stations Bohunice and Liesek
Site

Altitude

Bohunice

[m a.s.l.]
176

Liesek

692

Precipitation*
[mm]
530
774

Wind- TempeTopography
speed* rature*
[ms-1] [oC]
3.6
9.3
open plane, fields, grass, power-station
E in 200m distance; S 70m building
3.6
5.9
slope/plane, meadow, grass, bushes
station building: NE 20 m distance

*mean annual values

One precipitation gauge was installed with its orifice at 1 m elevation above the ground and another
at a pit, level with the ground. The latter is the WMO reference gauge for liquid precipitation
measurements (Sevruk and Hamon, 1984). To prevent the in-splash into the pit gauge a metal antisplash grid was used. The wind-induced loss D is defined as the percentage difference between the

ground level and elevated gauge measurements related to the latter. The effect of the precipitation
intensity i, wind speed, u and the time interval, t on the wind induced loss, D have been
investigated. The total number of 15 minutes intervals t in the range of wind speed up to 7 ms-1 was
2000. The wind speed u was measured at the level of the elevated precipitation gauge.
The data set for each time interval t was subdivided in four sub-sets according to the four classes of
wind speeds u‹0.8 ms-1; 1.25; 2.25 and ›2.8 ms-1. Each class of u was further divided according to
eight classes of intensities i in the range from i‹0.25; 0.38; 0.62; 0.87; 1.12; 1.5; 2 and ›2.5 mmh-1.
Class averages of D were computed for each class of intensity i and wind speed interval u, plotted
in a diagram and fitted by the analytical curve. In this way four curves of dependency of D on the
intensity i were derived for each measuring time interval t as shown in Fig. 1.
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Fig. 1 Percentage wind-induced loss D related to elevated gauge as a function of precipitation
intensity i, wind speed u and measuring time interval of 15 (above) and 60 (below) minutes.
Dashed line indicates the results of numerical simulation by Nespor (1998) for wind speed
of 4 ms-1, which is the same as the average wind speed of the upper interval of u›2.8 ms-1.
Orographic rains with intensity i smaller than 8 mmh-1. Recording precipitation gauge OTTPluvio at Bohunice Slovakia, 2001-2002.
Results and discussion
The effect of u is evident for both intervals t.. With increasing interval of u the corresponding curve
Du=f(i)u is shifted to the greater values of D. This shift is particularly pronounced for very small
intensities (i‹0.5 mmh-1) and relatively less important for greater ones (i›1.5 mmh-1). D amounts up

to 80 % of the measured amount of precipitation for the smallest class of intensity (i‹0.25 mmh-1)
and u greater than 2.8 ms-1 in the case of the shorter measuring interval t of 15 min. In the case of
the longer interval t of 60 min, D is smaller and amounts only to 60 %. For the high intensity
precipitation over 2 mmh-1, the loss D is smaller than 5% for both time intervals t and wind speed
classes u.
Each curve indicates decrease of the loss D with increasing intensity i. The decrease is not linear.
There is obviously a threshold value of i for each class of u. Below the threshold a sharp increase of
the loss D exists with decreasing i. Above the threshold there is only a small effect of i on the windinduced loss. Yet the threshold value increases stepwise with wind speed interval from i=0.16
mmh-1 for the smallest one and i=1.0 mmh-1 for the greatest one. Similar results were also
obtained by Sevruk (1989) for daily precipitation of the Hellmann gauge. This agrees well with the
results of numerical simulation by Nespor (1998). In particular, the results of longer interval t agree
very well. However, in the shorter interval t of 15 min, there is a slight underestimate of field
results in the range of very small intensities i by the numerical simulation. This could be attributed
to the fact that the simulation is based on dropsize distribution as measured using recording gauges
with a resolution of 0.1 mm. In this way the range of i smaller than 0.1 mm, which are very
sensitive to the wind field deformation as shown in Fig. 1, could not be accounted for by
simulation. In contrast, such events are considered in the presented field results, which are based on
measurements of very small intensities i. In the light of this study the results of simulation should in
fact be slightly greater than the field results. The reason is that as mentioned above, D is, generally,
greater for the smaller time interval t than for the larger one. This seems to be confirmed by Fig. 2,
where the class averages of D of both intervals t are compared. It shows that the difference in D
values between the intervals t increases with increasing value of D. Thus the maximum up to 20 %
appears in the range of small intensities. However, the simulation relates to the shortest interval t
possible, to the instantaneous values of all variables. This is why the simulation should in fact
overestimate the field results of both, much longer intervals t, which relate to the averages of
variables of 15 and 60 min.
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Fig.2 Comparison of percentage wind-induced losses D for two measuring time intervals of 60
min (D60) and 15 min (D15). Orographic rains with intensity i smaller than 8 mmh-1.
Recording precipitation gauge OTT-Pluvio at Bohunice, Slovakia, 2001-2002.
This phenomenon roots in the fact that actual values of D as measured in the field relate to the
actual values of variables of i and u. Yet these are not identical with the averages as recorded in the
field by the interval t and are used in Fig. 1. In spite of actual precipitation duration occasionally
smaller than t the precipitation amount is always recorded over the entire time interval t. The longer
interval t the more frequent such a situation can occur. Consequently, the actual value of i is smaller
than the recorded one. Since D relates to actual values of i, the recorded, greater i values as used in

Fig. 1 overestimate D (Fig. 2). This means that if the intensities from the hourly interval are used to
assess the D values of shorter interval, they will be overestimated, particularly in the range of small
intensities, and vice versa. This indicates that the smaller the interval t the larger and more accurate
the reported loss D.
In connection with this study, one more error source of field intercomparison measurements
using paired precipitation gauges should be mentioned. It seems that the smaller time interval and
higher resolution of measurements the more frequent the case that the one of the gauges records
some raindrops more. It happens that immediately before the end of the time interval one gauge
receives some drops which another gauge catches at the begin of the next one. This is not only
result of the natural random distribution of precipitation at small space but could also be due to a
very high sensitivity of recording gauges, which are able to record even one larger drop. In this way
it happens that the elevated gauge occasionally registers more precipitation than the ground level
gauge. Such events have frequently been observed, particularly during small wind speeds.
Conclusions
Preliminary results of field intercomparison measurements of recording precipitation gauges agree
well with the results of numerical simulation, particularly for hourly totals of orographic
precipitation. This shows that the numerical simulation can be used to correct the wind-induced loss
of precipitation measurements. The advantage of numerical simulation is that it encompasses also
the range of high wind speeds, which do not occur during the field tests. In addition, the field tests
are costly and take a long time to derive the respective dependencies. In contrast, the numerical
simulation takes a few weeks to accomplish the task.
The wind-induced loss increases with wind speed and decreasing intensity of rain. The
dependence is not linear. Under a certain threshold value of intensity the increase is large and
exponential. Above the threshold it is small and quasi-linear. The threshold value increases with
wind speed. These results agree well with the results as published some years ago (Sevruk, 1989).
The shorter recording time interval and higher resolution of measurements the more accurate the
assessment of the wind-induced loss. Derived empirical and numerical simulation dependencies can
be used to correct the wind-induced loss of smaller time intervals than one hour of the recording
precipitation gauge OTT-Pluvio.
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Abstract
Intercomparisons of Vaisala FD-12P Present Weather sensors will be described. These instruments were
selected for network use by the Met Office and the intercomparisons were carried out at Beaufort Park near
Bracknell in the UK. Instruments were tested close to each other in batches of eight. It was found that a
period of at least twenty days with various meteorological conditions was necessary to give a useful result.
This work was carried out to show the levels of agreement between identical units and to ensure that all were
"soak" tested before starting operational use. The experimental procedure, logging system and data analysis
methods will be described and results from one of the batches processed will be discussed to provide the
overall conclusion to the work.

Introduction
The purpose of this trial was to ascertain the range of differences between FD-12P instruments in a
comparison with their mean present weather code in a large variety of different weather types. This allows an
assessment of the accuracy of each instrument, even though no observer was present on site. This method
is validated through comparison with one of the proven instruments that had already been on trial and that
already had a history of observations associated with it. The results would add confidence in the instruments
by examining the consistency of the reports between the sensors. Due to the operational demand for
instruments, the same instruments could not be made available continuously throughout the trial.

Experimental Site and Hardware
The final form of this system is described as follows:
Eight Sensors

Eight Vaisala FD-12P present weather sensors were set up on the Met Office trial
site at Beaufort Park. Their locations and associated identifiers can be seen on Fig.
1 on the following page, and the minimum spacing between adjacent sensors was
18m. Three instruments of long standing stability (ISU10, ISU14 and ISU17) were
used to provide a ‘virtual’ standard instrument by taking the mode of their readings.

Logging system

Each sensor was connected to an Intelligent Sensor Unit (ISU). The ISUs were all
connected together on a network. Data elements were recorded once per minute
and stored on a PC in daily files.

Data Processing

Once per week, the daily data files were transferred to the data processing PC. An
Excel macro was then run on each daily file. The macro replaced any missing data
with nulls or deleted any duplicate data and sorted the dataset into sensor and
weather element type. It then generated a one minute mode of the present weather
code from the three standard instruments’ outputs and compared the test
instruments’ output to this ‘virtual’ standard instrument. A similar procedure was also
carried out for the other measured elements (i.e. visibility, rain rate). The macro also
produced graphical and tabular results for the data and for minute on minute
corrections to the mode (or mean) for each instrument and element. A mean daily
value for the corrections for each instrument and element was also calculated.
Another Excel spreadsheet was then used to take these data and show how these
mean daily corrections (when normalised compared to the number of occurrences in

the day) varied over the period of the experimental run. Only significant weather
types (i.e. WMO code 40 and above) were used for the purposes of this trial as in
operational use the Semi-Automatic Meteorological Observing System (SAMOS)
present weather arbiter would use other sources of data to produce an output for
mist or fog.

fig. 1 : Site Plan

fig. 2 : FD-12P Sensor Head

FD-12P Operating Principle
The FD-12P (see fig. 2 above) consists of an infra-red transmitter and a receiver for forward scatter
measurement, a temperature sensor, a capacitive precipitation sensor and a controller. The multiple
functions of the sensor (producing WMO automatic present weather code, visibility, rain and snow rates) are
based on combining the three independent measurements with a Vaisala patented method to produce an
accurate output. To ensure correct operation the instrument must be calibrated (both optically and for its
temperature sensor) and have the correct reference values set in its on board software. The instrument self
corrects for low levels of optical surface contamination over time.

Results and Discussion
A case study on a batch of instruments tested between the 1st March 2002 and the 28th April 2002 will be
examined. This period contained only 25 days with significant weather occurences, and three of the
instruments (ISU12, ISU13 and ISU16) that were installed part way through the run period only experienced
10 days of significant weather. The data from this run is summarised by the spreadsheet in two forms, a
graph (fig. 3) showing the spread of daily average corrections to the WMO Present Weather Code for each
instrument (these averages are weighted against the proportion of the day taken up by significant weather),
and Table 1 showing the mean of the average daily corrections, and their standard deviation. After a year of
investigation, the characteristics of instruments outside the normal population have become apparent, and
can be easily identified from the above mentioned graph and table. From analysis, limits have been set for
the maximum allowable difference from the mode for the output from each instrument. This allows the ready
identification of instruments that have been set up incorrectly, need optically calibrating, or have component
failures that may or may not have been logged by the instrument’s on board diagnostic software.
th
To demonstrate the validity of this analysis, the results from one day (28 April 2002), are shown in fig. 4
with a frequency analysis on the corrections to the mode WMO Present Weather code for each instrument.
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Table of RMS, Mean and Standard Deviation values for the Average Daily Corrections to the WMO code
Mode
ISU10
ISU11
ISU12
ISU13
ISU14
ISU17
ISU15
ISU16
RMS
0.05
0.22
0.06
0.06
0.08
0.11
0.13
0.27
Average
0.02
-0.10
0.02
0.00
-0.06
0.08
-0.05
0.20
SD
0.06
0.20
0.06
0.06
0.06
0.08
0.12
0.18
Table 1
From a years worth of data it has been found that the population of normally behaving instruments lies within
an RMS correction limit of 0.1. It can be seen that from Table 1 that instruments ISU11, ISU15, ISU16 and
even Standard Instrument ISU17 do not in this case meet the criteria. Further investigation revealed that for
ISU17 and ISU15 the problem was resolved by cleaning the instruments optics and recalibrating them
(excessive dirt had built up on the optics, possibly due to recent grass cutting). ISU11 and ISU16 did not
however reveal any physical problems, and further investigation was carried out on individual daily data sets
(N.B. Further summary data for other instrument runs as above is available from the author).
Weather Code Vs Time Counter (mins.) for 28/04/02
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As can be seen from fig. 4, Most instruments show little variation from each other. However ISU11 produces
notably different results for 28th April 2002. The open squares represented by ISU11 can be seen to be
higher during the period of measurement on the day. This indicates a higher WMO code reading of snow and
rain, rather than rain or drizzle. From this it can be postulated that there is a possible error in the instruments
temperature sensor causing false snow reporting. However this graph provides very little evidence of error in
ISU16 apart from a very small number of outliers. To find this evidence we must look at a frequency analysis
of the corrections for that day, as shown in fig. 5 below.
Frequency Analysis for 28/04/02
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fig. 5

From the above graph outlier peaks are evident for both ISU11 and ISU16s cases, a small peak to the left for
ISU11 and a smaller peak to the right for ISU16, with also a depressed central peak for ISU11. The ISU11
peak corresponds to the higher reading values shown on fig. 4, for ISU16 the correlation with fig. 4 is less
obvious, possibly the lower readings around a 1000 minutes and at 1250 minutes into the day. These two
instruments were therefore not deployed and put aside for further investigation later.

Conclusion
Over the period of a year, 38 instruments have been tested with 8 instruments initially falling outside our
acceptance criteria. Six of those instruments met our requirements in later runs after simple maintenance or
the correction of setup values in the instruments’ on board software. Only the two instruments in the case
study above have shown problems resistant to a simple solution. Further investigation into these two
instruments will be carried out once the resources are available. Recalibration is rarely needed with checks
being performed every six months, however excessively polluting environments can cause severe
contamination of the optical lenses and so prompt cleaning and recalibration is required in these
circumstances. If the Vaisala Present Weather sensor is setup correctly, passes the acceptance criteria of
the consistency trial and receives proper maintenance as required, then it can be considered acceptable for
Met Office purposes.
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Precipitation network with digital and conventional raingauges
Author: Kurt Nemeth

General remarks concerning the
measurement of falling precipitations
The meteorological meaning of „precipitation“
encompasses that liquid or solid water fallen down or
deposited on the ground surface. Since the water supply
of the continents – one of the essential bases of any
vegetation – is nearly exclusively supplied and
replenished by precipitation, the measurement of
precipitation is of the greatest importance for agriculture
and forestry, as well as for the general waterworks. Furthermore it is necessary to know the precipitation
conditions when planning hydroelectric generating
stations and sewage systems, for the waterway service
and for flood warnings.
It is the task of the precipitation measurement to
ascertain the quantity of precipitation fallen upon a
surface of known extension during a given time interval.
For technical reasons, only a very small fractional part
of the observation area will be evaluated as measuring
area, from which conclusions to the total area will be
drawn. The height of precipitation is that height of liquid
precipitation, which would cover the ground surface
concerned, if the liquid would not have penetrated into
the ground, vaporated or run away. The height of
precipitation measured in mm indicates simultaneously
the quantity of water (in litres) fallen on an area of 1 m²
Therefore 3 mm of rainfall correspond to a rain quantity
of 3 litres/m².

Hellmann type with chart recorders
Falling precipitations are measured by means of the rain
gauge, Hellmann type (refer to the leaflet No. 1500 –
1503). The rain gauge, Hellmann type, fundamentally
consists of one receiving vessel with determined
receiving surface, of one collecting can and of one
measuring cylinder. The collected precipitation – which
first of all has eventually to be melted – will be measured
by an observer at uniformly set up observation periods.
If the available observation staff should not be sufficient
for attending all measuring points in due time or if additional data regarding to the typ of the precipitations
(duration, frequency) of their strength (= intensity in mm/
min respectively mm/h) are required, it is necessary to
use rainfall recorders.

Method of operation of recording rain
gauges
Rainfall recorders of the most known Hellmann design
consist of a cylindrical case of approx. 110 cm height, to
which an approx. 10 cm high receiving vessel is soldered. The receiving surface is exactly 200 cm² and is
limited by a sturdy, sharp-edged brass ring. The

Recording Rain Gauge (1509)
recording device and the collecting can are located inside
the casing where they are protected against weather
influences. The rain-water entering the receiving vessel
is led through a metal pipe into cylindrical vessel having
a smaller cross section than the receiving surface.
Hereby the height of rainfall to be measured is enlarged
in proportion to these two cross sections. Inside the
vessel there is a float with vertical hollow axle soldered
to it. The pen arm bearing the recording pen is fastened
to the axle. If the water level in the cylindrical vessel
rises, the float will be lifted and the recording pen traces
the alterations of height on a chart which is moved in
the usual way by means of a drum recording mechanism
or by a continuous strip chart mechanism with constant
chart speed. If 200 cm³ of precipitation corresponding
to a precipitation height of 10 mm did enter the cylindrical
vessel, then the recording pen has reached its highest
position. If more water is entering the float chamber, its
content is automatically discharged (by means of the
laterally arranged glass siphon) into the collecting can
located at the base of the instrument. Hereby the
recording pen sinks vertically down to the zero line of
the chart and – if it continues raining – begins to record
anew an ascending line. After the siphoning process,
the precipitations enter a collecting can for subsequent
checking of their quantity and quality.

Tipping bucket raingauge according to
Joss Tognini
The precipitation gauges No. 1518... measure the rain
quantity by means of a frictionless supported tipping
bucket developed by Joss-Tognini. This tipping bucket
is constructed in such a way that errors due to incomplete
dripping off owing to surface tensions will automatically
be compensated. The contents of the bucket are 2 cm³
of water. Referred to the receiving surface of 200 cm²
one filling of the tipping bucket correspopnds thus to 0.1
mm of rainfall. When the bucket tilts, a non-contact
working Reed contact incorporated in the precipitation
gauge will be closed for at least 50 milliseconds. This
impulse releasing can now be tapped off, teletransmitted
and recorded.
Owing to the triangle form of the tipping bucket,
maximum angles will arise between the boundary walls
and the water surface thus reducing measuring errors
due to irregular wetting. A maximum volume in case of
small surface reduces the influence of contamination.
Moreover, the large discharge angle effects the emptying
of dirt particles.
For use in regions with snowfall, the precipitation gauge
with incorporated heating device being electronically
operated by a thermostat (No. 1518 H3) guarantees the
continuity of the measurements. The heating device
consists of two separate automatic control systems:
- heating of the receiving funnel
- heating of measuring ring and discharge pipe.
The very exact automatic control systems guarantee that
the surface temperatures of the receiving funnel and of
the measuring ring amount to 2.5°C. ± 0.5 K. An optimum
has been achieved with this surface temperature so that
in the normal case neither a snowing up of the
precipitation gauge nor an intolerable error due to
vaporization on the heated areas occur. This heating
system did already prove good at an altitute of 2500 m
above sea level at temperatures down to –40 °C and
wind velocities up to 200 km/h.
Only weatherproof aluminium and stainless steel are
used for the manufacture of these precipitation gauges
so that a very high working life will be obtained. The
construction and the dimensioning of the electronics
guarantee a practically maintenance-free application.
(There are only required periodical revisions of the
receiving vessel regarding contaminations caused by
external influences). Reed contact and heating device
are protected against lightning discharge in the vicinity
by means of zinc oxide lightning arresters. Moreover,
this modern precipitation gauge corresponds to the
direction of the World Meteorological Organization
(WMO).
Automatic Rain Gauge (1518 H3)

LAMBRECHT Precipitation system
Operating mode

Tipping bucket according to Joss Tognini

The tipping bucket and the digital data logger can be
used in already existing precipitation networks with
conventional raingauges with chart recording system in
two operating modes:

The Lambrecht automatic raingauges are construceted
and manufacured according to the designed tipping
bucket from J.Joss and E.Tognini, see ”Automatic
precipitation sensor with electric output/march 1976".

- Parallel operating mode by use of an automatic
raingauge type 1518 H3

Surface effects:

Minimized surface adhesion by material and form

- Hellmann type 1507/09 with incorporated data logger
and chart recorder

Indolence:

Distance of moving axe from centre
of gravity of liquid

- Upgrading the Hellmann types with tipping bucket
and data logger Rainlog

See construction drawing 1) and 2)

Function
The precipitation is being collected via a standardized
surface of 200 cm² and runs down the anodized aluminum funnel through the drop nozzle into the non-corrosive
tipping bucket, which is constructed according to JossTognini. If the content exceeds 2 cm³ (= 0.1 mm
precipitation), the precision balanced bucket unloads the
precipitation into the outlet and triggers an impulse
through the bounce-free reed contact.
This signal is being transmitted via interface to an
external evaluation unit, or is alternatively read by the
integrated data logger. By considering the intensity diagram, the sensor exceeds an accuracy of ±2%.
As a special feature, this sensor is equipped with a
constantly regulated ring heating element around the
inlet to effectively prevent the formation of snow and
ice.

Derived from the mathematic algorithm of Joss/Tognini
and the empiric results from the performed test and
comparison ofJoss/Tognini the best results have been
achieved with the content of 2 cm² of the bucket.
drawing 1)

drawing 2)

)2

Intensity error
With high intensity ranges the bucket will tip before it is
filled with liquid of water. This relation has been analysed
by Lambrecht and it is reported in the intensity error diagram. The Lambrecht high precision buckets of stainless
steel are laser manufactured individual adjusted by
balancing the tolerances with weights and tested in order
to be exchangeable and relating to the technical diagram ”content error versus intensity“.

Tipping bucket with data logger RainLog

Data base
Two tipping buckets of 2 and 4 cm³ are available for
intensity ranges up to 10 and 20 mm/min.
This correlation has to be considered in the electronic
recorded data in order to be able to compare precipitation
data from conventional rain gauges with chard recorders
with digital recorded data in data loggers. The
incorporated Lambrecht battery powered data logger is
correcting the intensity error in one minutes intervals.

Data logger RainLog
The battery powered data logger can be used with its
internal battery up to 10 years. Memory capacity of
16.000 values of selectable mean value intervalls of 1,
5, 10 and 60 min features a long term unattended
maintenance free instrument. Data can be achieved by
data transfer down-load via laptop, regular telefon or GIM
modem. With the windows software MeteoWare-Log
data can be evaluated in graphics and tabular forms.
The software supports up to 100 raingauges and
provides data inter-face to expert programs by ASCII,
dBase and Excel formats.

The conventional recorded analogue chart can be
transferred into a digital database by means of
manual inputs or scanning procedures. Rain data
acquired with compensated intensity error can directly
compared with yearly acquired data with chart
recorders. Precipitation networks can be considered
with existing Hellmann rain gauges and new digital
rain gauges with downloading the data into a
computer/laptop or transmitting data via regular
telefon line or GSM modem.
Advantages of digital data are the no more necessary
storerooms, fast access via computer for data
processing and transferring via email or PC netwerk
as well as direct data interface to specialized
evaluation software for water sources, agriculture,
evaporation, riverlevel and hydrological applications.

digital chart ( precipitation sum)
The precipitation sensor 1518 H3 of an automatic
weatherstation on top of "Kleines Matterhorn" in
Switzerland (3883 m above sealevel).

Wilh. Lambrecht GmbH
Friedländer Weg 65-67
37085 Göttingen
Germany

analogue chart
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MANAGEMENT AND PROGRAM EFFICIENCIES ASSOCIATED WITH A
MODERN AUTOMATED UPPER AIR OBSERVING NETWORK
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Abstract The Australian Bureau of Meteorology operates an extensive network of automated radiosonde-based upper
air observing systems. There are currently 12 observing stations in remote areas that have this type of equipment. The
first of these systems was installed over five years ago and a great deal of operational experience is now available. This
paper builds on a report by the authors on the early implementation issues, presented at the previous TECO (2000). The
experience and results presented here concentrate on the actual operation of the network in terms of the human
resources required and how they are deployed, adaptive observations for severe weather events and research activities,
management of the associated costs. Also presented are the efficiencies attained by utilising the capability of the
systems (some at minimal or no staffing) to be operated from other offices (fully staffed). The use of a central help desk
facility and automatic generation of mid flight messages for timely forecasting information is also addressed in the paper.
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1.

Introduction

Historically, staffing levels at Australian radiosonde stations were generally four people. This fell to three people during
scheduled staff absences (recreational leave etc). With decreasing staff numbers, some stations could not maintain their
upper air program (Figure 1) leading to large gaps in the climate record. From Figure 1 it can be seen that only 47%
(1997) of scheduled 12 UTC upper wind flights were actually performed at some stations prior to their program being
supplanted by an automated robotic system, the Autosonde (Canterford et al ,2000). The percentage of program
performed at these stations increased to 89% (2000) once an Autosonde had been installed.

Figure 1

The Vaisala Autosonde facilitated scheduled automated releases that are not reliant on having staff on-station
supervising the sounding. Adaptive releases can be performed from a remote station when there are no staff on-duty at
the Autosonde station and assist forecasting meteorologists during significant weather events (cyclones, severe weather
and frontogenesis etc).

2.

Automated Network

A Vaisala Autosonde was installed for trials at the Bureau of Meteorology’s Training Annex, in Melbourne, in December
1996. A field trial unit was installed at Cobar in May 1997 using Vaisala RS-80N radiosondes. The Vaisala PC-CORA
system at Cobar was decommissioned with all radiosonde soundings being performed through the Autosonde. The
Cocos Island system became operational at the cessation of the OMEGA network in September 1997. From that time all
Autosonde radiosonde soundings then used Vaisala RS80-15GA (GPS) radiosondes.
Factors such as falling staff numbers at field stations necessitated an expansion and acceleration of the Autosonde
implementation plan. Installation dates are detailed in Table 1 below. On a number of occasions, reduced staff numbers
have necessitated closure of an Autosonde station for days at a time. As there is an Autosonde at these stations, the
scheduled upper air program can be continued without interruption. Additional soundings can be initiated, if requested,
by forecasting staff or by an officer at a remote monitoring station (Figure 2).

WMO Number

Field Station

Autosonde Installation

00 UTC Sounding

94711
96996
94302
94312
94430
94332
94170
94647
94510
95527
94659
94637

Cobar
Cocos Island
Learmonth
Port Hedland
Meekatharra
Mount Isa
Weipa
Eucla
Charleville
Moree
Woomera
Kalgoorlie

May 1997
September 1997
November 1997
March 1998
June 1998
September 1998
October 1998
July 1999
December 1999
April 2000
April 2000
September 2000

Cobar
Cocos Island
Learmonth
Port Hedland
Meekatharra
Mount Isa
Weipa
Eucla
Charleville
Moree
Woomera
Kalgoorlie

12 UTC Sounding
(Parent Station)
Sydney Airport
Perth Airport
Geraldton/ Perth Airport
Geraldton/ Perth Airport
Perth Airport
Brisbane Airport
Brisbane Airport
Adelaide Airport
Brisbane Airport
Sydney Airport
Adelaide Airport
Kalgoorlie

Table 1.

Human Resources Required
Field Station with Autosonde:
• At a minimum, a person is required at the Autosonde station to physically load the balloon train (including
radiosonde) into the tray of the carousel, although as mentioned above, this does not necessarily need to be
performed on a daily basis. Prior to this, each radiosonde is ground checked against the AWS pressure sensor.
Temperature and humidity are checked against sensors within the loading area. Acceptable differences are
quite broad 6.0 hPa, 2.0 ºC and 7.0%. A finer ground check is automatically performed prior to the sounding
release where acceptable differences are 2.0 hPa, 1.0ºC and 3%.
• Each 00 UTC sounding is monitored and quality checked in real-time. 12 UTC soundings (late night at most
Australian stations) are either monitored and quality checked in real-time at fully staffed offices or are checked
immediately post-sounding at another office if the sounding station is not fully staffed.
• A person also supervises the delivery (or on-site production) of hydrogen, although actual balloon inflation is
part of the automated process.
• General housekeeping and minor maintenance duties are performed as required.
• Ad hoc faultfinding is performed as required. e.g. releasing a balloon stuck in the launcher (rare).
Remote “Parent” Station:
• Staff resources are required at any remote station monitoring 12 UTC soundings from an Autosonde station.
• Ad hoc remote faultfinding is performed as required.
• Adaptive observations can be initiated by staff with remote access.
Regional Office(s)
• Engineering technical officers trained in Autosonde fault-finding and maintenance.
Central Office(s):
• Higher-level maintenance is performed at regular intervals by suitably trained staff. These staff also perform
non-routine maintenance as required.
• Operator and maintenance training is required prior to operational use of the Autosonde system – centralized
training facilities using the BTC training Autosonde.
• Helpdesk for operations/maintenance assistance.
Staff Deployment
The following table outlines the essential staff deployment for the integrated network operations:
Number

Station

Hours of Coverage (Local)

2

Cocos Island, Eucla, Woomera,
Cobar, Charleville, Mount Isa,
Weipa

06:15 – 18:15

3

Port Hedland, Learmonth,
Meekatharra, Kalgoorlie, Moree

Varies with roster
(Approx. 16 hours daily)

5/6

Geraldton, Perth Airport, Adelaide
Airport, Sydney Airport, Brisbane
Airport

24 hours

Functions
00UTC TEMP, 21/00/03/06 UTC SYNOP,
Aviation Observations, Marine broadcasts,
Weather Watch, Public/Media
requirements
00/12UTC TEMP, 06 UTC PILOT, 17-13
UTC SYNOP, Aviation Observations,
Marine broadcasts, Weather Watch,
Public/Media requirements
00/12UTC TEMP, 18/06 UTC PILOT, 0024 UTC SYNOP, Aviation Observations,
Marine broadcasts, Weather Watch,
Public/Media requirements

Adaptive Observations
Each autosonde is configured for the capability of being supervised by staff at a station remote from the Autosonde. In
most instances, the ‘remote parent’ station performs post-sounding editing of the 12 UTC sounding after they have

completed their own 12UTC sounding. Table 1 and the Figure 2 display the relationships between the sounding and
these monitoring stations.

Figure 2. Network of Autosondes and 24 hour “Parent” Remote Stations

Management and cost aspects related to instruments and observing methods
Staff savings result from not requiring an officer on-station for all upper-air soundings. This leads to subsequent office
and administrative efficiencies.
Removal of the wind finding component of the station’s radar allows for equipment and maintenance efficiencies. In
addition, this provides the opportunity of relocating the radar to improve its exposure and full time application to weather
watch.
Remote Operation Efficiencies
Staff efficiencies are made because a sounding can be initiated and monitored from another “parent” station that already
has 24-hour coverage. This allows staff savings to be made at the Autosonde station. However, a point to note is that if
the Autosonde encounters a physical problem, all remote operations cease until staff at the Autosonde station can rectify
the problem.
Remote operations require robust communications. The Bureau’s Autosonde network relies heavily on a 64KB Frame
Relay WAN to which all Autosondes are connected. The exception to this is Cocos Island, which connects to a WAN via
a Virtual Private Network (VPN) connection through a local Internet Service Supplier (ISP). There have been a number
of occasions where communications have been lost to a specific Autosonde with a loss of any sounding messages
generated.
Central help desk
A central helpdesk is maintained during nominal sounding times and is contacted via mobile telephone when duty staff
cannot rectify a problem with an Autosonde. Help desk staff have the capability to remotely access each autosonde via
laptop computer to assist in fault resolution. This helpdesk assisted in the successful release of 200 soundings in the first
year of operations. Calls to the helpdesk have tapered off as experience with the system grows and as hardware issues
are resolved.

Deleted:

Automatic Message Generation
Full use is made of a facility within the Autosonde software where messages are automatically generated (or triggered)
once the sounding reaches a particular standard pressure level. When a station is not staffed, FM35 TEMP Parts A and
B are automatically transferred to a central collection point once the sounding has reached 100 hPa. Although not
operator edited, receipt of the messages by forecasting staff allows leeway for remote station staff to edit the sounding
after the sounding has been completed. At selected stations a trigger is used at 500 hPa to allow early access to the
data by forecasting staff.
Technical and Training Aspects of Network Management
Central Office staff in Melbourne hold most operational and maintenance expertise and hold sole responsibility for
configuration of the Autosonde system. Full use is made of the Windows™ NT® scripting facility – particularly for
message generation and transmission. Because of the requirements for specialised training, Central Office staff perform
the software maintenance and modification of scripts.
In order to maintain upper air data quality, Bureau staff monitor all Autosonde soundings either on site or remotely. By
this integrated network approach, overall data input to both real time forecasters and the Climate Data Bank is achieved.
Cooperative development with Vaisala Pty Ltd (Australia) and Vaisala Oy was necessary in modifying the Autosonde
system to operate under Australian regulations and environmental conditions. Changes to system design have been
incorporated in later systems being sold in other countries. With the extensive experience in the real time operation of
the systems, Australian staff have also been able to provide advice to other NMHSs. The manufacturer’s documentation
has been supplemented with Bureau operational documentation. Additional maintenance documentation is written (if
required) by the Bureau. Copies of all manufacturer documentation are held on-station.

Autosonde training is conducted in two streams: operations and maintenance. At installation, training is provided to onstation Observational staff and Regional Engineering staff. Training is provided for staff prior to commencing at an
Autosonde station. Observations staff at Autosonde stations generally move every two years and retraining (if required)
is usually carried out on-station.
Conclusion
The management and cost aspects of this integrated automated network of twelve robotic Autosondes, within the overall
Australian network of 50 Upper Air Stations, has proven extremely successful. The efficiencies of reduced staff
deployment at most stations, and remote operation by a selected number of 24 hour “parent” stations, has reduced costs
and improved the network performance. This successful management of “out-of-hours” operations with remote “parent”
offices has also allowed forecasting staff to initiate adaptive radiosonde releases during significant weather events. The
automation has also allowed staff time to concentrate on other tasks, such as improved information services to the public
and first-in-maintenance of all equipment on the station.
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ABSTRACT
Recent assessments of U.S. and global climate monitoring systems have emphasized the
importance of accurate and representative meteorological data to detect climate variability but
have concluded that current observational networks are inadequate to achieve this goal. The
U.S. Climate Reference Network (CRN) is being created to correct these shortcomings and to
meet the challenge of climate monitoring and climate change detection in the U.S for the next
50-100 years. The CRN initiative is being led by the National Oceanic and Atmospheric
Administration (NOAA) National Climatic Data Center (NCDC). When fully deployed, the
CRN will consist of approximately several hundred automated stations across the 50 States and
U.S. territories. The initial variables being measured are temperature, precipitation solar
radiation, surface temperature and wind speeed. Wind speed is being measured at the height of
the temperature sensors for development of thermal transfer functions to relate CRN
temperature measurements to historical temperature observations at nearby stations in existing
networks. The system has been designed to accommodate additional (automated) sensors as
resources permit. CRN observations will be transmitted via GOES satellite near-real time on an
hourly basis and summary of day and summary of month statistics will be computed and
transmitted near-real time over internet by the NCDC.
Several organizations (NESDIS, OAR, NWS , the U.S. Department of Agriculture, the
NOAA Regional Climate Centers (RCCs), and State Climatologists, among others) contributed to
the establishment of CRN requirements and specifications which can be viewed via the web at the
following url:
http://lwf.ncdc.noaa.gov/oa/climate/research/crn/crnmain.html
In addition to establishing the project requirements and specifications, accomplishments during
the initial fiscal year (FY 2000) include establishing the communications and data ingest systems
and deploying the initial station pair in western North Carolina. The Atmospheric Turbulence
and Diffusion Division (ATDD) of the NOAA Office of Atmospheric Research performed the
engineering, laboratory calibration, field intercomparison, and deployment of the FY 2000FY2002 stations. The National Center for Atmospheric Research (NCAR) performed the initial
evaluation of potential precipitation gages and to determine the optimal wind shield arrangement
to minimize wind-induced undercatch.
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1.

INTRODUCTION

In recent decades, increasing attention has been paid to the issue of climate change, especially
global warming (or greenhouse warming). Reports by the World Meteorological Organization
(WMO, 1966, 1986, 1993), the Intergovernmental Panel on Climate Change (IPCC 1990, 2001), and
the U.S. National Research Council (NRC, 1999), have emphasized the importance of monitoring
climate in order to determine past climate variability, evaluate current climate change, and improve
climate models to produce more accurate predictions of future climate change. These reports have
expressed concern with the inadequate climate observing capabilities in many countries, including the
United States.
Most countries have station networks which observe atmospheric variables in support of the
WMO World Weather Watch Global Climate Observing System, or GCOS (WMO, 1988, 1989). In
the United States, many federal agencies have observing systems that monitor weather or climate for
specialized (mostly non-climate change) purposes (National Research Council [NRC], 1999).
Examples include the National Science Foundation (NSF) Long-Term Ecological Research (LTER)
network, the USDA Soil Climate and Analysis Network (SCAN) and snow pack telemetry
(SNOTEL) network, the National Oceanic and Atmospheric Administration (NOAA) Global
Positioning Satellite-Integrated Precipitable Water (GPC-IPW) network, and the National Weather
Service (NWS) upper-air, Automated Surface Observing System (ASOS), and Cooperative (COOP)
Station networks. Of these, the COOP network is best suited for climate monitoring purposes
because many stations have records extending back into the 19th Century. However, it suffers from
many problems including inadequate instrumentation, antiquated data handling systems, and
historical data inhomogeneities due to changes in instrumentation, location, and observation practices
(NRC, 1999). In spite of the United States being a leader in climate research, we do not have an
observing network capable of ensuring long-term climate records free of time-dependent biases. The
accuracy and fidelity of the data used to measure climate variability are crucial to government
monitoring efforts and to U.S. industry. Even small biases can alter the interpretation of decadal
climate variability and change.
2.1

THE TEN CLIMATE MONITORING PRINCIPLES

The NRC (1999) report identified ten principles that should be applied to climate monitoring
systems. These principles are guiding the development of the CRN. They include:
(1)

Management of Network Change: Assess how and the extent to which a proposed change
in a climate observing network could influence the existing and future climatology obtainable
from the system, particularly with respect to climate variability and change.

(2)

Parallel Testing: Make overlapping measurements to derive transfer functions for
converting between climatic data taken before and after a change in an existing observing
system, or taken from two parallel systems. The period of overlapping measurements should
be sufficiently long to observe the behavior of the two systems over the full range of variation
-2-

of the climate variable observed.
consecutive years.

The preferred minimum period of overlap is two

(3)

Metadata are crucial. Fully document each observing system and its operating procedures.
This is particularly important immediately prior to and following any change.

(4)

Data Quality and Continuity: Assess data quality and homogeneity as a part of routine
operating procedures. This assessment should focus on the requirements for measuring
climate variability and change, including routine evaluation of the long-term, high-resolution
data capable of revealing and documenting important extreme weather events.

(5)

Integrated Environmental Assessment: Anticipate the use of data in the development of
environmental assessments, particularly those pertaining to climate variability and change, as
part of a climate observing systems strategic plan.

(6)

Historical Significance: Maintain operation of observing systems that have provided
homogeneous data sets over a period of many decades to a century or more. A list of
protected sites within each major observing system should be developed, based on their
prioritized contribution to documenting the long-term climate record.

(7)

Complementary Data: Give the highest priority in the design and implementation of new
sites or instrumentation within an observing system to data-poor regions, poorly observed
variables, regions sensitive to change, and key measurements with inadequate temporal
resolution.

(8)

Climate Requirements: Give network designers, operators, and instrument engineers
climate monitoring requirements at the outset of network design. Instruments must have
adequate accuracy with biases sufficiently small to resolve climate variations and changes of
primary interest. Modeling and theoretical studies must identify spatial and temporal
resolution requirements.

(9)

Continuity of Purpose: Maintain a stable, long-term commitment to these observations, and
develop a clear transition plan from serving research needs to serving operational purposes.

(10)

Data and Metadata Access: Develop data management systems that facilitate access, use,
and interpretation of data and data products by users. Freedom of access, low cost
mechanisms that facilitate use, and quality control should be an integral part of data
management. International cooperation is critical for successful data management.

The CRN is part of a multi-year NOAA climate initiative to create a network that meets the
GCOS standards (WMO, 1989) for long-term climate monitoring. The number of CRN stations that
can be deployed and the rate of deployment are dependent on the level of funding. The project was
supported at a level of 0.5 million dollars (U.S.) during its first fiscal year (FY 2000) and 3.5 million
dollars during FY 2001-02. Much of the effort during the first year was focused on developing
-3-

project specifications and requirements and testing and evaluating candidate instrumentation . The
first station pair was deployed in western North Carolina, near Asheville, in close proximity to both
NCDC and ATDD. The CRN instrumentation and data from these sites are being evaluated during
the second year of the project in a A proof of concept phase. During FY 2001-2 deployment will
begin for an additional 25 station pairs in locations across the U.S. representing a cross-section of
climatic zones.
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Main problems of hydrometeorological
instruments
use
for
the
state
hydrometeorological
monitoring
network of the Republic of Kazakhstan
and perspectives of the technical reequipment of the observation stations
on the basis of the Development
Program
of
National
Hydrometeorological Service for 20022005
are
described
in
this
presentation. Special attention is
paid
to
technical
equipping
of
meteorological
and
aerological
network
with
modern
measuring
instruments.

ВВЕДЕНИЕ
Атмосферные явления, оказывающие воздействия на общество и, в связи с этим,
представляющие интерес для Национальных гидрометеорологических служб (НГМС),
охватывают огромные временные и пространственные масштабы.
В связи с этим от НГМС требуется активная позиция в ряде все более важных
областей, оказывающих влияния на деятельность государства, в частности таких, как
вызванное деятельностью человека изменение климата, сезонное прогнозирование
климата, истощение озонового слоя, проблемы водных ресурсов и уменьшение
ущерба в результате стихийных бедствий. Действуя таким образом, а также
представляя данные, прогнозы и предупреждения об опасных явлениях погоды,
НГМС вносят существенный вклад в устойчивое развитие в экологической и
экономической сфере.
Основной задачей НГМС Республики Казахстан (Казгидромет) в области
гидрометеорологии является обеспечение государственных, хозяйственных,
природоохранных и проектных организации Республики Казахстан необходимой
информацией о текущем состоянии, режиме и прогнозе гидрометеорологических
характеристик атмосферы и водных объектов на территории государства.
Продукцией Казгидромета, в зависимости от запроса потребителей, может служит
информация, полученная на любом этапе ее обработки – от материалов наблюдений
до прогнозов. При этом спрос на эту информацию, а значит и успешность
производственной деятельности Казгидромета, зависит от качества наблюдений, от их
полноты и точности. Повышение качества наблюдений происходит в ходе
рационализации сети гидрометеорологических станций и постов и оснащения их
точными приборами, современным оборудованием.

СОВРЕМЕННОЕ СОСТОЯНИЕ
ТЕХНИЧЕСКОГО ОСНАЩЕНИЯ СЕТИ
ГИДРОМЕТЕОРОЛОГИЧЕСКОГО МОНИТОРИНГА
Сеть наземных наблюдений Казгидромета состоит из 244 метеорологических станций
(М), 8 аэрологических станций (АЭ), 14 актинометрических, 5 теплобалансовых и 5
озонометрических пунктов наблюдений, 111 пунктов агрометеорологических
наблюдений, из них 80 с инструментальным определением влажности почвы, 19
метеорологических постов (МП), 162 гидрологических постов (ГП).
Состав технических средств измерений по номенклатуре обеспечивает возможность
получения основных видов первичной гидрометеорологической информации на
государственной сети гидрометеорологического мониторинга Республики Казахстан.
Вместе с тем следует отметить, что техническое оснащение основных технических
средств измерений, находящихся в эксплуатации, характеризируется не высокими
показателями.

В настоящее время наземная метеорологическая сеть работает на предельно
допустимом количестве приборов и оборудовании, практически без минимального
запаса и фактическом отсутствии запасных частей. Все приборы, кроме термометров,
исчерпали свой срок эксплуатации, морально и физически устарели – весь парк
средств измерений сильно изношен. Средняя обеспеченность сети метеорологических
наблюдений приборами составляет 58%. Наиболее критическое положение
(обеспеченность 10 – 40%) на сети гидрометеорологических наблюдений сложилась
по техническому оснащению актинометрическими приборами, регистрирующими
самописцами, дистанционными установками по измерению параметров ветра и
высоты облачности.
Сокращение объема финансирования НГМС в последние 15 лет привело к более чем
двухкратному сокращению сети гидрологических постов, к существенному
ухудшению на гидрологических постах состояния приборов и оборудования и, как
следствие, - к снижению качества наблюдений.
Особого внимания в настоящее время требуют вопросы развития гидрологической
сети и технического переоснащения существующих гидрологических постов на
трансграничных реках, актуальность проблемы которых растет с каждым днем.
Республика Казахстан граничит с Российской Федерацией, Китайской Народной
Республикой, Республикой Узбекистан и Кыргызской Республикой, по территории
которых протекают такие крупные реки, как Урал, Сырдарья, Иртыш, Ишим, Тобол,
Или, Чу, Талас, а также множество средних (43) и малых трансграничных водотоков.
Как никогда ранее, необходимость получения достоверных данных на
трансграничных гидрологических постах вызвана возникающими спорными
вопросами между сопредельными государствами по делению водных ресурсов и их
качеству, поскольку половина поверхностных водных ресурсов, поступающих в
Республику Казахстан в виде транзитного стока, формируется за пределами
государства.
Сокращение объемов агрометеорологических наблюдений в предыдущие годы
происходило как путем закрытия или консервации пунктов наблюдений
(агрометеорологические станции и посты, виды наблюдений), так и по причине
отсутствия соответствующих приборов и оборудования. Инструментальное
определение влажности почвы производилась по сокращенной программе. Для
полного выполнения объема инструментального определения влажности почвы на
существующей агрометеорологической сети станций Казгидромета необходимо
дополнительно около 10% приборов по данному виду наблюдений, а по остальным
видам агрометеорологических наблюдений до 25%.
Эксплуатируемые на аэрологических станциях апппаратно-программные комплексы
температурно-ветрового радиозондирования атмосферы в течение последних 13 лет
практически использовали всю радиоэлементную базу и все ЗИПы необходимые для
проведения ремонтных работ. Практически все 8 действующих аэрологических
комплексов еще держатся за счет закрытых до 1996 года аэрологических станций
(снимаются необходимые блоки со списанных комплексов температурно-ветрового
радиозондирования атмосферы и устанавливаются на рабочих комплексах).

Экспертная оценка технического уровня средств измерений, применяемых на сети
гидрометеорологического мониторинга, показывает, что они не в полной мере
отвечают современным требованиям:
• большая часть приборов требует непосредственного считывания показаний на
метеорологических площадках и других пунктах наблюдений;
• низок уровень ремонтнопригодности приборов и систем;
• погрешность выше чем у аналогов дальнего зарубежья, хотя требованиям ВМО
к гидрометинформации в основном удовлетворяются;
• низок уровень автоматизации процессов наблюдений (все в основном
рассчитано на ручную и бумажную технологию);
• первичная обработка наблюдений на большинстве станций проводятся
вручную.

ОСНОВНЫЕ
НАПРАВЛЕНИЯ
РЕАЛИЗАЦИИ
ПРОГРАММЫ
ТЕХНИЧЕСКОГО
ПЕРЕОСНАЩЕНИЯ
ГОСУДАРСТВЕННОЙ
СЕТИ
ГИДРОМЕТЕОРОЛОГИЧЕСКОГО МОНИТОРИНГА
Дальнейшее
развитие
и
техническое
переоснащение
наземной
гидрометеорологической сети
осуществляется на основе Программы развития
Национальной гидрометеорологической службы Республики Казахстан на 2002 – 2005
годы. Программа нацелена на обеспечение устойчивого функционирования
государственной системы наблюдений, обеспечения проведения на территории
Республики Казахстан непрерывных наблюдений за изменением метеорологических,
климатических, аэрологических, гидрологических, агрометеорологических условий с
использованием наземных и космических средств и систем.
В первую очередь технического перевооружения и модернизации требует наземная
наблюдательная
сеть, осуществляющая измерение атмосферного давления с
помощью ртутных барометров. Областные центры гидрометеорологии Казгидромета
в настоящее время оборудованы контрольными и инспекторскими (ртутными)
барометрами, которые являются морально устаревшими, громоздки, влияют на
здоровье обслуживающего персонала и требуют замены на более современные
варианты – электронно-цифровые барометры типа БРС-1М-1 и БРС-1М-2
российского производства или аналогичные с ним.
Приобретение электронных цифровых барометров типа БРС-1М (или их аналогов)
для методических центров Казгидромета, которые в настоящее время производят
поверку станционных чашечных ртутных барометров на станциях, позволяет
отказаться от использования ртутных (1 класс вредности) барометров. Новые
барометры при хранении не требуют специально оборудованного дорогостоящего
отдельного помещения. Они удобны при транспортировке во время выезда
инспектора на наблюдательную сеть. Кроме того, электронно – цифровые барометр
можно одновременно использовать и как контрольный и как инспекторский, что дает,
кроме всех достоинств, экономию приборов и финансовых средств на содержание
сети. Для организации регулярной поверки средств измерений метеорологических
характеристик служба поверки и ремонта средств измерений дооснащается

малогабаритным переносным комплексом образцовых средств измерений, что
обеспечивает не только своевременную и оперативную поверку приборов на сети, а
также и долговечность работы средств измерений на станциях и постах.
В настоящее время 50% дистанционных средств измерений скорости и направления
ветра на метеостанциях Казгидромета
требуют замены из-за длительной
эксплуатации и отсутствия достаточного количества запасных частей к ним. В связи с
этим, наблюдательная сеть постепенно переходит к наблюдениям по флюгеру Вильда
(с легкой и тяжелой доской), широко применявшийся в начале ХХ века на сети
метеорологических наблюдений. С целью ускорения модернизации сети и перехода
на более современные ветроизмерительные приборы планируется ежегодное
приобретение не менее 15-20 комплектов анеморумбометров типа М63М российского
производства или аналогичных с ним, что позволит обеспечить дистанционное
измерение характеристик ветра на станциях. Дооснащение анеморумбометрами
пунктов наблюдений планируется провести в первую очередь на реперных станциях и
на станциях международного обмена с целью выполнения международных
обязательств республики.
Во втором этапе технического переоснащения метеорологической сети планируется
плановая модернизация парка морально устаревших приборов на приборы нового
поколения и установка автоматических метеорологических станций
на
труднодоступных и малообжитых районах республики с целью получения
дополнительной информации
для оперативно-прогностических подразделений
Службы.
Техническое развитие аэрологической сети осуществляется одновременно по двум
направлениям:
• Поддержание в рабочем состоянии существующих систем радиозондирования
атмосферы до перехода на новые системы путем замены ЭВМ А-15 «Аргон»
аэрологическим процессором и замены в приемо – передатчике радиолокатора
АВК изделия ПЗ-М «Потенциалотрон» на полупроводниковый СВЧ – модуль;
• Переход на приборы нового поколения, что предполагает замену громоздких и
энергоемких радиолокаторов АВК, требующих строительство новых зданий и
специальных помещений, на малогабаритные аппаратно - программные
комплексы температурно-ветрового радиозондирования атмосферы. В
настоящее время реально рассматривается замена действующих АВК на
малогабаритные комплексы типа МАРЛ, БРИЗ российского производства,
автоматические системы радиозондирования финской фирмы ВАЙСАЛА или
на аналогичные системы других фирм, специализирующихся на выпуске
гидрометеорологического оборудования и приборов.
Таким образом, основным направлением технического перевооружения НГМС
Республики Казахстан в ближайшие годы будет являться повышение эффективности
работы каждого пункта гидрометеорологических наблюдений за счет автоматизации и
механизации наблюдений, уменьшения доли ручного труда и перераспределения
функций обслуживающего персонала за счет внедрения новых дистанционных
измерителей и автоматических станций.

VULGARISATION DE L'UTILISATION DU PLUVIOMETRE PAR
LE MONDE PAYSAN AU MALI
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Pays de 1 240.000 km2 dont la moitié se situe en zone saharienne, le Mali connaît de
sévères conditions climatiques liées à une pluviométrie faible ou très faible sur plus de la moitié
de son territoire.
Facteur aggravant, l'irrégularité des systèmes pluviométriques conduit certaines
années à des situations catastrophiques car l'économie du pays reste essentiellement basée
sur l'agriculture et l'élevage, qui occupent de surcroît plus de 80% de la population.
La production agricole est particulièrement sensible à ces variations : ainsi le déficit
céréalier était estimé à 600.000 tonnes en 1977/1978 et les excédents étaient du même ordre
en 1989/90.
En effet, depuis plus d'une vingtaines d'années, l'agriculture au Sahel est devenue une
source de préoccupation majeure du fait des fluctuations du régime pluviométrique.
Comme solution la Direction Nationale de la Météorologie propose de minimiser les
effets du risque climatique par la fourniture d'une assistance appropriée à l'agriculture.
L'assistance météorologique opérationnel au monde rural
Cette assistance consiste à injecter l'information météorologique ou climatique
appropriée dans le paquet technologique agronomique déjà vulgarisé de façon que l'information
agrométéorologique résultante soit formulée dans le langage du paysan et à partir de ses
préoccupations puis disséminée à travers un schème dans lequel intervient également. Ces
avis et conseils concernent entre autres:
-

le moment opportun de labour (en fonction du bilan hydrique);

-

la période optimale de semis (en fonction du bilan hydrique et des prévisions
météorologiques à court et moyen termes);

-

les autres interventions culturales, notamment le moment le plus favorable au
démariage, au sarclage, à l'épandage d'engrais (en fonction du bilan hydrique et
des prévisions météorologiques à court et moyen termes);

-

le traitement de certaines maladies, notamment le mildiou ( en fonction de la pluie
de la température et de l'humidité);

-

les opérations d'irrigation complémentaire (en fonction du bilan hydrique et de
prévisions météorologiques à court et moyen termes);

-

le moment opportun de récolte (en fonction du bilan hydrique et des prévisions
météorologiques à court et moyen termes).

Cependant, pour appliquer ces avis et conseils, le paysan (ou l'encadrement local) doit
impérativement disposer d'un pluviomètre et savoir mesurer la pluviométrie. Les paysans,
conscients de l'impact des informations agrométéorologiques sur les rendements et considérant
actuellement le pluviomètre comme un intrant agricole au même titre que les semences,
pesticides, engrais… se sont alors tournés vers la Direction nationale de météorologie qui ne
pouvait satisfaire toutes les demandes compte du coût élevé du pluviomètre importé.
C'est sous cette pression et qui devenait de plus en plus forte (paysans, associations
villageoises, offices de développement agricoles, projets/programmes, élus locaux,
communicateurs, ressortissants des zones marginales,…) que la Direction nationale de la
météorologie a conçu et développé un modèle de pluviomètre d'utilisation simple et à u prix
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pluviomètre paysan au Mali.

C'est ainsi qu'est né le

Ainsi, au vus des résultats très encourageants obtenus dans le cadre su "projet
d?assi3tance Météorologique Opérationnelle au Monde Rural" (on peut citer comme exemple
l'augmentation appréciable des rendements des cultures sèches de l'ordre de 30% en
moyenne), le couple "avis et conseils agrométéorologiques / pluviomètre" a été perçu par le
monde rural comme une solution efficace à un problème crucial : celui de l'optimisation de la
production agricole.
Spécifications générales du pluviomètre
Description
Le pluviomètre "paysan" est composé de:
-

un seau en plastique gradué ayant une surface réceptrice de 100 cm2 et dont le
bord est tranchant;

-

un support métallique.

Le diamètre intérieur du pluviomètre, mesure sur l'arête suivant deux directions
perpendiculaires est égal è 112,8 mm.
Les graduations sont indiquées par champs hachurés, alternativement à gauche et à
droite d'une ligne centrale, avec indication du chiffre vers le haut de la partie hachurée. Les
graduations correspondent aux quantités d'eau qui seront recueillis lorsqu'il y aura 1, 3, 5, 10,
15, 10, 25, 30, 50, 100 et 150 mm de pluie.
En dessous de l'arête, le pluviomètre est muni d'un anneau solide pour faciliter sa pose
sur su support.
Conclusion
En zone Soudano-sahélienne, le problème majeur que connaît l'agriculteur est celui
que luis crée la pluviométrie.
En effet, vu l'énorme variabilité du régime pluviométrique le paysan se trouve très souvent face
à des problèmes qu'il ne sait pas résoudre car en général il se réfère à une connaissance
empirique de son milieu pour l'exécution de ses travaux culturaux.
S'agissant de la préparation du sol ou du semis par exemple qui nécessite une
appréhension de la situation hydrique, cette connaissance est souvent en défaut par des
variations importantes du régime hydrique au début de la saison. Notre approche consiste
donc à élaborer une stratégie rationnelle de prise de décision, les avis et conseils
agrométéorologiques une fois disponibles, il suffit que le paysan dispose d'un pluviomètre et
qu'il sache mesurer la pluviométrie pour décider de déclencher ou non le labour ou le semis.
Certes le chemin à parcourir est long, parsemé d'embûches, exige de nouvelles compétences,
de nouvelles technologies, fait appel à des homme compétents, animés d'une véritable volonté
de réussir mais l'avenir est prometteur et nous y croyons fermement.
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