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OPERATIONAL AMV PRODUCTSDERIVED WITH METEOSAT-6

RAPID SCAN DATA

EUMETSAT started its Rapid Scanning Service on September 18"
2001, providing images from Meteosat-6 every ten minutes for a
geographical area that covers a latitude range from approximately
10° N to 70° N. Since April 2002, EUMETSAT has generated
wind products every 30 minutes, using non-overlapping triplets of
rapid scan images.

This paper discusses EUMETSAT experiences with rapid scan
winds and shows results from comparisons with operationd, three-
hourly winds derived from Meteosat-7 imagery. Although the
comparison is based on a limited period of four months, it reveds
some dgnificant differences and agreements between both types of
winds, which are summarised in the paper.
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ABSTRACT

EUMETSAT darted its Rapid Scanning Service on September 18" 2001, providing images from
Meteosat-6 every ten minutes for a geographical area that covers a latitude range from approximeately
10° N to 70° N. Since April 2002, EUMETSAT generates wind products every 30 minutes, using
non-overlapping triplets of rapid scan images.

The wind derivation system that is used to generate these so-called rgpid scan winds, does not differ
from the operationa system that is responsible for generating the Meteosat-7 winds, ignoring the
latitudina extensgon and arriva frequency of the underlying images.

This paper will discuss our experiences with rgpid scan winds and will show results from comparisons
with the operationd, three-hourly winds derived from Meteosat-7 imagery. Although the comparison is
based on a limited period of four months, it reveds some Sgnificant differences and agreements
between both types of winds, which can be summarised as follows:

Rapid scanning produces sgnificantly — i.e. 20 % to 30 % more high-quaity winds for the high-
resolution visble channdl.

Rapid scanning produces more high-quality winds for the infrared channe and low resolution vishble
channd.

With respect to the water-vapour channdl, rgpid scanning produces more high-quality winds derived
from cloud tracers, but sgnificantly less winds derived from clear-sky tracers.

Rapid scanning produces dightly — i.e. gpproximately 10 %- more high-qudity winds for the high-
resolution water vapour wind product.

The quality of the rgpid scan winds shows less variation, with respect to time, than the qudlity of the
operationa winds.

The forecast congstency of the rgpid scan winds is dightly higher than the forecast consstency of the
operational winds. The only exception is the clear-sky water vapour winds, in which case rapid
scanning has a small negative impact.
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1 Introduction

EUMETSAT’s Rapid Scanning Service started operation on September 18" 2001, providing images
from Meteosat-6 every ten minutes for a geographica area that extends from Cape Verde and Y emen
in the south up to Iceland in the north, roughly corresponding to a latitudina range of 10° N to 70° N.
Figure 1 shows an example IR channd image for the rapid scanning area.

Due to the characterigtics of the satdllites involved and their radiometers, the only difference between
full-earth scanning and rapid scanning is the number of scan lines per image and, in direct relation to
that, the number of images per hour. Meteosat-6 generates three rapid scan images per channd every
30 minutes, each having gpproximately 833 scan lines (1667 scan lines in the case of the visble channd
images), whereas Meteosat-7 generates one image per channd every 30 minutes, having exactly 2500
scan lines (5000 scan lines in the case of the visble channd images). The pixd resolution and the
number of pixels per scan line are identical for rgpid scanning and full-earth scanning.

Figure 1. Examplerapid scan image: Infrared image of 3 May 2002, 0845 UTC.

2 Operational wind derivation from METEOSAT 7 images

The Meteorologicd Product Extraction Facility a8 EUMETSAT currently generates the following
operationa wind products:

Cloud motion winds (CMW), derived from 5.0 km resolution imagery in al three Meteosat channels.
These are digtributed on the GTS in SATOB format at 00Z, 06Z, 127, and 18Z, and in standard
BUFR format every 90 minutes.

High resolution visble winds (HRV), derived from full resolution, i.e. 2.5 km, visble images. These are
digtributed on the GTS in SATOB a 06Z, 12Z, and 18Z, and in standard BUFR format every 90
minutes between 06Z and 19.30Z.

Clear-sky water vapour winds (WVW), derived from water vapour channel imagesin cloud free aress.
These are digtributed on the GTS in standard BUFR format every 90 minutes.

High resolution water vapour winds (HWW), derived from water vapour channel images in cloudy
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aress, usng a high resolution processing grid. These are digtributed on the GTS in standard BUFR
format every 90 minutes.

The wind derivation technique is fundamentdly the same for dl wind products. Each wind derivation
cycle requires a triplet of consecutive images as basic input data. Prior to the actua wind processing,
each image will be chopped into rectangular areas of 32 times 32 pixels, the so-caled segments or
target areas. Thefirgt step in the wind derivetion isto identify patterns, or “tracers’, for each segment in
the middle image. After locdising the corresponding patterns in both the firgt and third images, two
wind vectors can be derived from the tracer displacements. In the following step, these two wind
vectors are combined into a single wind vector, and a height is assigned to it. At the core of the pattern
locdisation dgorithm is a cross-correlation caculation. In order to find a pattern in the firgt or third
image that corresponds to a given pattern in the middle image, one has to look for pesks in the
correlation surface.

In the find step, the automatic quality control (AQC) calculates a number of consstency indicators for
the extracted wind, and combines these as a weighted mean into an overal riability indicator, the so-
cdled Qudlity Indicator (Ql). Each consstency indicator is a number between zero and one, where
zero represents complete lack of condstency and one implies maximum consistency. The same
principle applies to the Qudlity Indicator.

The following consgtency indicators are based on the comparison of the two individud wind
components within one derivation cycle:

Vector consstency,

Direction congstency,

Speed consigtency.

Other congstency indicators, which we congder in this study, are:
Spatid condstency, which is a combination of a spatid wind condstency and a spatid height
consgtency. The former compares each wind vector to the wind vectors in adjacent segments, the
latter compares the assigned height of each wind to the assgned heights in adjacent segments. If the

difference in the assigned heights exceeds a predefined threshold vaue, the spatid wind consstency will
be set to zero.

Forecast consstency, which compares each wind to the forecast wind interpolated to the same
pressure level.

The find qudity indicator (Ql) is a weighted average of five condstency vaues, and is defined as
follows

Ql = (wg * direction consstency + ws ¢ speed consistency + wy, ¢ vector
condgency +  wyre forecast consstency + wsp © Spatia consstency) / (Wa + Ws + Wy + W + Wyp)

The weight factors are 2.0 for the spatid consistency (Wsp), 0.0 for the forecast consistency (W), and
1.0 for the other consstencies.

For a more detailed overview of the current status of the EUMETSAT wind products, refer to
Rattenborg (2000).
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3. Wind derivation based on rapid scan images from M eteosat 6

Since April 2002, EUMETSAT generates wind products for the rapid scan area every 30 minutes,
derived from the rgpid scan imagery from Meteosat 6. The actua wind product types are the same as
the operational ones, as described in the previous section.

The wind derivation technique is identica to the one applied to the operationa services. The only
differences are the source of the images, their geographica coverage, and their tempora resolution.

Table 1 summarises these differences.

Characterigtic Operationa winds Rapid-scan winds

Data source Meteosat 7 Meteosat 6

Coverage Globa Appr. 10 — 70 degrees

North

Tempord resolution  of | 30 minutes 10 minutes

imagery

CMW Product generation || Every 90 minutes Every 30 minutes

WVW Product generation | Every 90 minutes Every 30 minutes

HRV Product generation || Every 3 hours between| Every 30 minutes between
06Z and 187 06Z and 20Z

HWW Product generation || Every 90 minutes Every 30 minutes

Table 1. Differences between operational full-earth wind processng and rapid scan wind
processing.

4, Comparison between rapid scan winds and Meteosat 7 winds

The most draightforward way to validate the rgpid scan winds, and the one adopted for this
presentation, is to make a direct comparison between the rapid scan winds and the operational winds.
The comparison period runs from April 3¢ to August 18", but contains several gaps. For

asound datigtica test one should consider a much longer period, preferably covering al seasons and a
large number of different amospheric circulation types.

But sgnificant differences and agreements between both types of winds should aso be evident in a
limited sample of comparisons.

We have compared the following characterigtics of the rgpid scan and the operationa winds:
- Thetota number of winds derived.
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- The number of very good winds, i.e. those winds having afind qudity (QI) of 0.90 or higher.

- The number of reasonable winds, i.e. those winds having afind qudity (QI) of 0.70 or higher.

- The number of poor winds, i.e. those winds having afind qudity (QI) below 0.30.

- The average condstency vaues for: vector, forecast, spatia, tempord, direction, and speed
congstency.

- Theaveragefind qudity, or QI.

For each comparison, we took the data from one operationd wind product and compared these
directly to the data from the rapid scan wind product that was closest in terms of attribution time. Asa
consequence, at least two thirds of al rgpid scan wind products are not taken into account in the
comparison. With respect to the HRV winds, we only considered the winds generated for 09, 12, 15,
and 18 UTC.

Table 2 shows the total number of winds generated, along with the number of very good winds (QI =
0.9), reasonable winds (QI = 0.7), and poor winds (Ql < 0.3).

Wind product and | Tota number | Number of | Number of | Number of
source of winds winds, QI =0.9 | winds, QI =0.7 | winds, QI <0.3
CMW, rapid scan | 1243 + 169 320 + 82 700 + 130 123+ 25

CMW, operational || 1224 + 176 259+ 79 631+ 126 152 + 44

WVW, rapid scan || 586 + 84 30+ 14 114 + 36 191+ 44

WVW, operationd | 562 + 98 48 + 31 186+ 71 96 + 32

HRV, rapid scan || 615 + 252 507 + 236 565 + 249 55

HRV, operational || 600 + 243 421 + 225 498 + 237 26+ 17

HWW, rapid scan || 1920 + 244 360 + 101 810+ 110 525+ 154
HWW operationa | 2026 + 324 327 + 96 743 + 117 743 + 232

Table 2. Number of generated winds: rapid scan winds versus operational winds. The
number s shown represent aver age values and standard deviations.

Although the total number of winds generated by the rapid scan wind derivation is roughly the same as
the number for the operationd one, there are some sgnificant differences in the proportion of high and
low qudity winds. The rapid scan HRV winds perform clearly better than the operationd ones, yidding
roughly 20-30 % more very good (QI = 0.9) and reasonable winds (QI = 0.7), whereas the number of
bad winds (QI < 0.3) has dropped. The CMW winds show a very similar picture, dthough the
improvement is less sgnificant. With respect to HWW, the most gtriking fegture is the dmost 30 %
reduction in the number of bad winds, the number of good winds is up by approximately 10 %. The
clear-sky water vapour winds (WVW) are the obvious losers in this comparison game: the number of
good winds is 30 % lower in the case of rapid scanning, whereas the number of bad winds is even 90
% higher.

Figure 2 shows the number of very good and bad HRV winds as a function of time, both for the rapid
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scan and the operationd case. The number and the qudity of the rapid scan winds are consgtently
larger than those of the operational winds. Moreover, the QI vaues of the extracted winds show less
variaion in the rapid scan case. In generd, one can conclude that the positive impact of rapid scanning
ismost dramatic when the number and qudity of operationa winds are below their average values.
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Figure 2. Number and quality of derived high-resolution visible winds as a function of time,
Theleft picture shows both the number of very good winds (QI 3 0.9) and the number of poor
winds (QI < 0.3). Theright picture shows the average Quality Indicator (QI) of the extracted
winds. The numberson the horizontal axisrepresent the comparison index number .

Table 3 shows the QI vaues for the winds, as well as the vaues for the individua consstency checks.
These dlow us to make some interesting observations. The first one is the bad performance of the
clear-sky water vapour winds (WVW) in the rapid scan case. In terms of vector, direction and speed
consgtency these winds score much worse than the operational winds, the spatid and forecast
consgtencies do not differ much. The CMW winds show a dight improvement in al consstency vaues
for rapid scanning, mainly for the vector and speed consstency. Not surprisngly, the impact of rapid
scanning is largest for the high-resolution winds. All consstency vaues rdated to the rapid scan winds
are clearly higher than those for the operationd winds. HRV, in particular, shows large increases in
each of its congstency values, except the forecast consistency, which performs only dightly better.

Wind  product | QI Spatia Vector Direction | Speed Forecast
and source cons. cons. cons. cons. cons.
CMW, rapid | 0.69 +/063 +(078 +(088 +|076 +|[050 =
scan 0.03 0.03 0.03 0.02 0.03 0.04
CMW, operatnl. || 0.65 +/061 (072 |08 £|070 £|048 £
0.04 0.03 0.05 0.03 0.05 0.06
WVW,  rapid | 0.45 +(05% {03 +|(057 +|039 +|028 =
scan 0.04 0.04 0.06 0.05 0.05 0.03
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WVW, operatnl. | 0.54 +|0.57 +1054 +|0.75 +1054 +|030 *
0.05 0.07 0.06 0.05 0.05 0.05

HRV, rapid scan || 0.92 +|0.97 +|0.87 +10.93 +|0.87 +|1 063 *
0.05 0.04 0.07 0.05 0.06 0.18

HRV, operatnl. | 0.85 +10.92 +10.76 + | 0.86 +1078 +|061 +
0.08 0.06 0.11 0.08 0.10 0.16

HWW,  repid | 0.56 /064 (050 +(064 +|050 +[{04 =

scan 0.05 0.05 0.06 0.06 0.05 0.07

HWW operatnl. | 0.50 +|0.55 +|0.45 + | 0.58 + | 047 +| 040 +
0.07 0.06 0.07 0.07 0.06 0.07

Table 3. Quality and consistency indicators for rapid scan and operational winds. The
number s shown represent aver age values and standard deviations.

These results are in reasonable agreement with those from previous studies on rapid scanning. In
generd, the number and qudity of winds increases with increasing spatid resolution and decreasing
tempord resolution. Velden, who studied the optimd tempora resolution for wind derivation from the
GOES-10 image data, found the following optimum time intervals (Schmetz et a., 2000):

for 1 km resolution VIS images: 5 minutes.
for 4 km resolution IR images. 10 minutes.
for 8 km resolution WV images. 30 minutes.

Compared to these numbers, our rapid scan HWW winds perform surprisingly well. Tables 2 and 3
suggest these winds to perform better than the operationa ones, which implies that for the HWW winds
the optimum time interva is close to 10 minutes, not 30 minutes. However, one should redise that the
HWW winds are derived from cloudy tracers only, not from clear-sky tracers. On the other hand, the
poor performance of the rapid scan, clear-ky water vapour winds (WVW) is in much closer
agreement with Velden's findings. This suggests that rgpid scanning affects the derivation of water
vapour winds in two different ways.

it leads to dightly more high-qudity winds derived from cloudy tracers,
it leads to Sgnificantly less high-quaity winds derived from clear-sky tracers.

Figure 3 shows the merits of rapid scanning in a more quditative way, dlowing for a less objective
comparison. The left figure shows the operationd infrared winds (i.e., CMW-IR) over the middle and
south-eastern part of Europe, whereas the right figure shows the corresponding rapid scan winds.

A clear and convincing picture emerges from this comparison as well. The rgpid scan winds reved a
wave-like structure over south-eastern Europe, which is much less pronounced in the operationa case.
Rapid scanning gpparently results in an increase in the number of high-quality derived winds. One
should be careful though with exaggerating the differences. The true picture is obscured by the presence
of spurious winds, which are more numerous in the operationa case (l€eft picture). If we would remove
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al bad winds from both pictures, the differences would be lessimpressive.

Figure 3. Infrared winds (CMW-IR) derived from Meteosat imagery, March 6" 2002, 0500
UTC. The rapid scan winds (right figure) clearly have a more coherent sructure than the
operational winds (I€ft figure).

A potentidly useful gpplication of rgpid scan winds is the derivaion from them of the horizontad
divergence. Schmetz et a. (2000) did an experiment for tropicad Africa, deriving wind fields and the
asociated horizontd divergence from 7.5 minute interva rgpid scan imagery. Using the rdationship
between horizontd wind divergence and the change of the vertical velocity with height, they estimated
the mean vertica velocity in alarge convective syssem. This resulted in redigtic vaues of about 0.5 m/s
a 300 hPa. The verticd velocity derived from the nominad 30 minute scans were smdler by about
15%.

This suggests that rgpid scan winds can be useful in the data assmilation of mesoscade models,
improving the strength and location of convection arees.

5. Summary

This paper contains an overview of the experiences with rapid scan winds & EUMETSAT, which are
derived from the Meteosat 6 rapid scan imagery. It shows results from comparisons with the
operationd, three-hourly winds derived from Meteosat-7 imagery. The main conclusons are:

Rapid scanning produces sgnificantly — i.e. 20 % to 30 %- more high-qudity winds for the high-
resolution vishble channdl.

Rapid scanning produces more high-quality winds for the infrared channel and low resolution visble
channd.

With respect to the water-vapour channd, ragpid scanning produces more high-qudity winds derived
from cloud tracers, but significantly less winds derived from clear-sky tracers.



CGMS-XXX EUM-WP-09

Rapid scanning produces dightly — i.e. gpproximately 10 % more high-qudity winds for the high-
resolution water vapour wind product.

The qudity of the rapid scan winds shows less variaion, with respect to time, than the quality of the
operationd winds.

The forecast consstency of the rgpid scan winds is dightly higher than the forecast consstency of the
operational winds. The only exception is the clear-sky water vapour winds, in which case rapid
scanning has a smdl negative impact.
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