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image line and to the sampling point of
the ideal reference image. The rectified
image is completely standard, and simple
mathematical formulations can be given
to determine the geographical location of
each picture element independently of the
movement of the spacecraft. This makes
it easy to add coastlines and other
geographical features and makes it
possible to view animated sequences of
cloud images without the distraction of an
apparently pulsating Earth below. The
rectified images are used as a basis for
image dissemination and also serve as an
input to the image segmentation process
used for meteorological products.

Figure 6.1  Meteosat image segments

Each square in the 80 x 80 array of segments comprises 32 x 32 basic infrared picture elements
(pixels). The segment is the fundamental processing unit for centrally produced meteorological
products.

6
METEOROLOGICAL
PRODUCTS

The Meteosat system includes provision
for the extraction of synoptic scale
meteorological and climatological
products. This is accomplished within the
Meteorological Products Extraction Facility
(MPEF), located within the Mission Control
Centre in the EUMETSAT headquarters.
Many additional products are generated
at user facilities under user responsibility.
This chapter describes the products for
which EUMETSAT is responsible.

Segmentation

After image rectification, the Meteor-
ological Products Extraction Facility
divides the Meteosat image into segments
for further use in the generation of
meteorological products. Each segment is
composed of a 32 x 32 array of infrared
pixels, together with the corresponding
visible and water vapour pixels, and is
centred on a fixed geographical location.
The segments overlap slightly and make
up an 80 x 80 array covering the entire
Meteosat field of view (Figure 6.1).
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Figure 6.2b  Histogram interpretation.

Figure 6.2a  Two-dimensional image histogram

Segment processing

The meteorological products of the
Meteosat system are obtained through the
systematic processing of image segments.
Each segment is an array of 32 x 32 IR
and WV pixels (64 x 64 visible pixels) cut
from the image in such a way that the
centre of each segment is always at a fixed
geographical location. Routine processing
is restricted to the 64 x 64 segments within
60o of great circle arc from the sub-satellite
point. Segments have dimensions of about
150 km x 150 km at the sub-satellite point.
Away from this location these dimensions
increase, up to a maximum of about
250 km.

Before segment processing for an
individual image can begin it is necessary
to have some background information on
the characteristics of the segment. This
includes the physical characteristics
(presence of land and sea), meteorological
characteristics (expected state of the
atmosphere for modelling atmospheric
corrections) and a cloud climatology
(probability of occurrence and radiance
range).

The first stage of processing is a multi-
spectral analysis of the radiance data
within each segment, the purpose of which
is to assign each pixel to a particular
cluster of radiances (Figure 6.2a). Each
cluster of radiances will correspond to a
particular source of radiation within the
segment and is defined in terms of its
mean radiance,  variance and number of
pixels. The second stage in the
processing, the interpretation stage,
assigns each cluster of pixels to a source
of radiation, knowing in advance the
expected range of radiances for the
possible sources (cloud, land, sea), as
illustrated in Figure 6.2b.

Up to three cloud layers and the surface
can be identified using this technique and
the output of the segment processing is
the starting point for the calculation of
individual products.



Figure 6.3a  Cloud motion winds
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Meteorological products

Cloud motion winds

A sequence of images is used to determine
the motion of clouds from one image to
the next and hence to deduce the apparent
wind speed and direction. The aim is to
obtain at least one Cloud Motion Wind
(CMW) for each segment, from one to
three different levels of the atmosphere,
depending on the presence of suitable
tracers.

Although the generic name for this product
is Cloud Motion Winds, in fact, any tracer
could be used and the cloud tracers are

supplemented by features in the Water
Vapour (WV) images. By this means it is
possible to generate wind vectors in areas
and at levels where there are no clouds
and thereby extend the coverage of the
product. These wind vectors are
distributed as the Clear Sky Water Vapour
Winds (WVW) product. Also, vectors are
generated from the Visible images in full
resolution and distributed three-hourly
during daylight hours as the High Resolu-
tion Visible Winds (HRV) product.

The automatic processing generates a
field of CMW at intervals of 90 minutes.
Three consecutive images are taken at
half-hourly intervals and individual

segments in the central image are in turn
treated as the target segment. The search
windows comprise the 3 x 3 segments
centred on the target segment in each of
the adjacent images. Both windows are
searched for good matches with the target
segment. This is achieved by the
calculation of cross-correlation coefficients
for all possible displacements of the target
segment within the search window. The
correlation surface is analysed for
significant peaks, and the peak
displacements are accepted as wind
vectors if there is an acceptable degree
of symmetry between the displacements
obtained from two image pairs. The wind
value finally generated combines these



Figure 6.3b  Sea surface temperatures
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two half-hour vector pairs and therefore
corresponds to the movement of the tracer
over a period of one hour.

The final vector is then assigned a height,
given as an atmospheric pressure level in
units of 10 hPa. This is obtained by fitting
the scene cloud top temperature to the
forecast pressure-temperature profile
applicable to the particular segment.

An automatic quality control process
performs several internal checks on each
vector before the completion of proces-
sing. Checks include spatial and height
consistency tests and a comparison of
results with the wind field forecast from the

European Centre for Medium-Range
Weather Forecasts (ECMWF), in order to
indicate those results which deviate
considerably from the forecast. The results
of the quality control are distributed with
flags giving a quality assessment for each
individual vector. No manual quality control
is used anymore.

CMW products are derived each 90
minutes and are distributed over the
Global Telecommunication System (GTS)
of the WMO.

Sea surface temperatures

Sea Surface Temperatures (SST) are
extracted on a 12-hourly cycle for the
nominal times of 00 and 12 UTC, but in
order to eliminate cloud contamination
they are based on segmented image data
acquired at half-hourly intervals over the
previous 12 hours.

The product is derived directly from the
segment processing. This identifies any
pixels in the multi-spectral histogram which
view the sea. Corrections are made to the
radiance data to eliminate the effects of
atmospheric absorption, and the final
product is a measure of the ocean skin



Figure 6.3c  Cloud analysis
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temperature on the scale of the segment,
that is, with a horizontal resolution of about
200 km (Figure 6.3b). The results are
automatically quality controlled by
comparison with a continuously updated
background field. A continuous statistical
comparison is made between the SST
product and ship observations as a check
on the satellite calibration coefficients.

Cloud analysis

The Cloud Analysis (CLA) product is a
direct derivative of segment processing,
which identifies the pixels associated with
up to three layers of cloud. The product
provides the percentage cloud cover and

the cloud top temperature for up to three
different cloud layers in each of the
processed segments (Figure 6.3c) and is
distributed at six-hourly intervals (00, 06,
12, 18 UTC).

Upper tropospheric humidity

The Meteosat water vapour channel
provides radiance data representative of
the water vapour present in the upper
troposphere, between approximately
600 hPa and 300 hPa. These data are
used to generate the Upper Tropospheric
Humidity (UTH) product. The MPEF
processing scheme is based on the
calculation of the radiances to be expected

from given water vapour concentrations,
and generates a value for the percentage
relative humidity of each segment, that is,
with a horizontal resolution of about
200 km (Figure 6.3d). The product is
calculated and distributed  six-hourly.

Clear sky radiances

Advanced meteorological systems can
use the radiance information directly, and
therefore the Water Vapour channel
radiances, calculated for the UTH product,
are distributed hourly as a separate
product, Clear Sky Radiances (CSR).



Figure 6.3d  Upper tropospheric humidity
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Cloud top heights

The height of the tops of clouds is
important in operational weather
forecasting for aviation, and the Cloud Top
Height (CTH) product is intended to
support this requirement. CTH provides
information on the highest cloud found in
each area of 3 x 3 IR pixels, giving a hori-
zontal resolution of about 15 km at the sub-
satellite point.

The product is distributed as a map in
WEFAX format through Meteosat�s
dissemination system. Eight grey levels,
from white to black, are used to indicate

cloud layers in 1500 m vertical bands.
These CTH maps are disseminated in the
WEFAX schedule several times a day.
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Climate products

Climate data set

The primary Meteosat climate archive
comprises the actual images which
provide a global perspective of evolving
cloud patterns for over two decades. This
archive is described in detail in chapter
10. Even with the higher recording
densities of the more modern media, it is
still a huge task to read the full archive for
each individual study of climatic trends.
For this reason several summary data sets
are systematically extracted from current
image data and archived to provide a
concise and easily accessible overview of
the changing world. The first of these is
the Climate Data Set (CDS), which records
the results of the segment processing
performed on the images. Early data are
available at three-hourly (synoptic)
intervals, while data accumulated from
December 1995 are at hourly intervals.

The CDS contains data from the multi-
spectral analyses, including the mean
radiance, the variance and the number of
pixels associated with each of the
identified clusters in the IR-WV and IR-
VIS bi-dimensional segment histograms.
The corrections applied to the radiances
are also stored. By this means, a
systematic record is kept of the radiances
obtained from the land, sea and for up to
three cloud layers, over the entire
Meteosat disc, at hourly intervals and with
a horizontal resolution of about 200 km.
This product is not routinely distributed but
is archived for climatological purposes and
can be supplied on magnetic media.

ISCCP

The second climate product is the
Meteosat contribution to the International
Satellite Cloud Climatology Project, the
ISCCP. This project, supporting the
programmes of the World Meteorological
Organization (WMO) and the World
Climate Research Programme (WCRP),
aims to provide a global summary of cross-
calibrated cloud statistics derived in a
coherent way from all of the world�s
meteorological satellites.

The Meteosat system contributes to this
project using an approach similar to the
CDS product to derive some 80 cloud-
related parameters at three-hourly
intervals, on a grid of 2.5o of latitude and
longitude. In addition, selected image
sectors are stored to facilitate research
and for cross-calibration amongst
satellites. This project has been
accumulating data worldwide since 1983
and has proven to be an invaluable
resource for climate studies.

GPCP

The Global Precipitation Climatology
Project (GPCP) is a similar initiative, but
aimed at recording a first global
climatology of precipitation. Whilst no
observing system is fully adequate for this
purpose, current satellite observations can
provide a first estimate of this vital
parameter. The method links the
probability of precipitation to the
occurrence of clouds which are sim-
ultaneously cold in the infrared and
intensely white in the visible images. In
other words, it associates rain with very
high, thick clouds. This method is not ideal
but is one of the few methods available
for estimating precipitation patterns over
the oceans and over the tropics, where
no reliable measurements exist with
sufficient density. The Meteosat system
has been contributing to GPCP since
1983, and the product is again based on
three-hourly data computed on a grid of
1o of latitude and longitude.

Product quality

Quality control

Some aspects of quality control have
already been mentioned. Automatic quality
control methods have been implemented
for all MPEF products, and the intention
is to steadily increase confidence in these
methods and continuously improve the
products in a systematic way. The aim is
to provide reliable quality information for
the observed meteorological quantities,
e.g. wind speed and direction, enabling
the end-user to make intelligent decisions
on the usage of the products.

Calibration

The quality of the MPEF products is
extremely dependent on the accuracy of
the calibration of the detectors. As has
been indicated elsewhere, the on-board
calibration does not calibrate the entire
radiometer including its optics. For this
reason it is necessary to rely to a great
extent on vicarious, or external, calibration
techniques in order to maintain product
quality.

The routine calibration of the thermal
infrared and water vapour channels is
achieved through twice-daily statistical
comparison of the SST and UTH products
with conventional measurements used as
ground truth data. Calibration coefficients
are calculated such that the mean
differences between the two types of
measurement are reduced to zero. These
coefficients are used internally within the
MPEF for product generation and are also
transmitted to end-users through the HRI
dissemination service.

Quality monitoring

In addition to the internal checks described
above, the meteorological products are
systematically monitored by reference to
conventional products, where equivalent
products exist. Conventional wind data,
obtained by tracking radiosonde balloons,
are compared with collocated cloud track
winds. Monthly statistics are used to
monitor trends and for comparison with the
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Figure 6.4  The display consoles in the Meteorological Products Extraction Facility, used for
product visualisation and analysis, and process monitoring

results from other satellite operators.

Similar statistics are prepared for
comparisons of the radiosonde humidity
observations with the UTH product, and
of ship measurements with the SST
product. These routine checks help to
maintain a consistently high and known
quality for the Meteosat products.

Distribution and archiving

All of the meteorological products
described in this chapter, except CTH, are
disseminated within an hour or so of the
time of observation over the Global
Telecommunication System (GTS) of the
WMO. CTH products are disseminated as
a WEFAX format.

The ISCCP and GPCP products are
routinely sent to the respective project
centres but climate products are not
otherwise routinely distributed. They may
be obtained on request on magnetic
media.

All products, except CTH, are routinely
archived in the Meteosat archive, which
is described in more detail in chapter 10.

EUMETSAT data policy

The reader should note that EUMETSAT
applies a Data Policy with respect to its
data, products and services.  Details are
available on the EUMETSAT Web site at
http://www.eumetsat.de and through the
contact address shown on page 64.



Figure 7.1  Block diagram of the Meteosat dissemination system
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7
IMAGE
DISSEMINATION

The primary task of the Meteosat system
is to deliver images of excellent quality, in
the minimum possible time, to the end-
users. After over two decades of Meteosat
operation, by 1998 many thousands of
user stations had been established in over
100 countries, illustrating the popularity of
this service, which is used extensively for
operational weather forecasting as well as
for research, education and for many other
applications. This image dissemination
system is the subject of the present
chapter.

Dissemination system

The Meteosat dissemination service
prepares image sectors for transmission
to two types of user station, using the
Meteosat images which have been
rectified in the Mission Control Centre.
One of the two disseminated data streams
is composed entirely of digital data. This
is known as High Resolution Image (HRI)
dissemination. The second data stream is
the WEFAX dissemination, containing
images in analogue form.

The Meteosat image sectors are
transmitted from the MCC in Darmstadt
through commercial communication links
to the Primary Ground Station in Fucino.
The PGS then transmits the image data
to the satellite over two communications
channels. Both data streams operate on
an almost continuous basis, on two sepa-
rate dissemination channels.

Images from similar satellites operated by
Japan and the USA are interleaved with
the transmissions of Meteosat imagery
and up-linked directly to Meteosat from the
EUMETSAT facility in Lannion, France (as
previously described).
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Figure 7.2a  HRI transmission of a Meteosat A format digital image sector

High Resolution Image
dissemination

Description

The High Resolution Imagery (HRI)
dissemination system provides pre-
processed image data in a digital format
which is designed for further processing
in the user facility. Standard corrections,
including registration between image
channels, calibration adjustment and
rectification are applied to the image
before transmission.

Meteosat imagery is transmitted to users
in one of two standard formats. The A
Format covers the full earth disc and is
transmitted in various combinations of
spectral channels and image resolution
once in each half-hour image cycle (Figure
7.2a). The B Format gives priority to the
visible and infrared imagery covering the
European sector (Figure 7.2b) and is also
transmitted every half-hour. In addition, the
LX Format (Figure 7.2c) is used to trans-
mit digital imagery from the USA GOES-E
satellite over the western Atlantic.

By using this service the user has almost
immediate access to the highest quality
image data covering half of the world,
including Europe, Africa, the Middle East
and the Americas. The images are in digital
form, suitable for use in sophisticated
processing techniques in local computer
systems. The data covering the European
sector are available at the user site within
a maximum of 10 minutes from the end of
image acquisition. Images covering Africa
and the Middle East are transmitted within
about 20 minutes. All these data are
available at half-hourly intervals, while
digital data from the USA GOES-E satellite
are transmitted at least once every three
hours, arriving at the user site within 30
minutes of the nominal image time.

Since September 1995, most HRI data
have been transmitted in encrypted form.
Images at six-hourly intervals are
transmitted without encryption but the
reception of all other data does require the
user station to be registered and equipped
with a key unit obtained from EUMETSAT.
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Figure 7.2c  HRI transmission through Meteosat of a GOES-E (USA) image sector

Figure 7.2b  HRI transmission of a Meteosat B format digital image sector



Figure 7.2d  Block diagram of a Primary Data User Station
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Primary Data User Stations

The HRI image transmissions can be
received by a Meteosat Primary Data User
Station (PDUS). This basically comprises
an antenna, receiver, computer, monitor
and hard copy device (Figure 7.2d). Early
models were invariably based on mini-
computer technology while later models
may use a workstation or even a personal
computer to provide the necessary
computing power, depending on the
amount of image processing to be
performed locally.

There are large variations in the sizes of
the antenna supplied with various PDUS
systems. They vary in diameter from four
metres down to two metres or even
smaller, depending on the location and
performance of the receiver. Some of the
Meteosat satellites exceed specification
during the early part of their life and this
can temporarily enable good reception
with antennas which are smaller than
recommended. However, it is not
advisable to rely on the high performance
at the start of satellite life because its
continuation cannot be guaranteed. Users

should therefore take care to ensure that
the receiving system is compliant with the
system specifications.

A Meteosat Key Unit (MKU) obtainable
only from EUMETSAT needs to be
incorporated in the PDUS to ensure that it
can receive all of the transmitted images.



Figure 7.3a  WEFAX (analogue) coverage areas
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WEFAX dissemination

Description

The WEFAX dissemination system
provides imagery in analogue format for
qualitative use in simpler types of user
stations. The rectified images in the MCC
are cut into a number of small formats and
transmitted over the commercial
communications facilities to the PGS. In
the PGS the image formats are converted
into analogue form and transmitted to
Meteosat for reception by users. Infrared
images are each cut into nine sectors (For-
mats D1 to D9). Visible and water vapour
images are also transmitted in these same
nine sectors (respectively, Formats CnD
and En, n=1..9). A range of visible data
are also transmitted in higher resolution
(C Formats). On a few occasions each day
a full earth disc image, in reduced
resolution, is also transmitted.

As well as the Meteosat imagery, the
WEFAX dissemination schedule includes
analogue imagery from the USA satellite
(GOES-E) over the western Atlantic, and
the Japanese (GMS) satellite.

The areas covered by the various formats
are shown in Figure 7.3a. Each format
takes nearly four minutes to transmit and
consequently the WEFAX system can
transmit only a selection of the available
data. The European D2 infrared format is
transmitted each half-hour, while other
areas are covered at three- to six-hourly
intervals. Through this service, using very
simple receiving equipment, a user can
acquire images of the European sector at
half-hourly intervals, day and night, in less
than 10 minutes from the end of image
acquisition by Meteosat. With the same
equipment the user can receive images
at intervals of from three to six hours
covering three-quarters of the world,
including all of Africa and the Middle East,
the Americas, all of eastern Asia and the
Australasia region.

The WEFAX images are not encrypted
and there are no plans to encrypt these
transmissions.



Figure 7.3b  Meteosat D2 WEFAX transmission

Figure 7.3c  Meteosat C2D WEFAX transmission
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Figure 7.3d  Meteosat C03 WEFAX transmission

Figure 7.3e  Meteosat CTOT WEFAX transmission
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Figure 7.3f  GOES-E WEFAX transmission through Meteosat, format LY

Figure 7.3g  GMS WEFAX transmission through Meteosat
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