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Abstract

EUCOS (EUMETNET Composite Observing System) is an initiative to improve Numerical Weather Prediction
(NWP) products on the regional (European) scale. An outline is provided of the development and structure of the
programme, which is expected to lead to progressively improved observational data sets by 2006. It is intended
that EUCOS will evolve to form an optimised component of the total space-terrestrial observing system. In addi-
tion the contribution of targeted observations in sensitive areas (predicted by NWP schemes) is being investigated.

1 Introduction

EUMETNET is an informal grouping of 18 National Met Services, which provides a framework for collaboration
and co-operation. EUCOS is a EUMETNET programme in the field of observing systems aimed at improving
numerical weather predictions on the regional scale for 1-3 days ahead and introducing (where appropriate) inte-
grated management and joint funding of programme elements. The EUCOS area of interest is, broadly speaking,
the area from which observations impact on NWP, in the short range (Fig. 1).

Fig. 1 The EUCOS area of interest (7OW-40N, 10N-90N)

The challenge for EUCOS is to improve the quality and make more cost-effective regional NWP at European scale:

- through resource transfer from the mainly well observed territorial areas to the poorly observed maritime
regions that exert a crucial influence on European weather at the 12 to 48 hour timescale.

- achieved by EUMETNET Members committing themselves to co-funding the new optimised facilities
through a fair (GNI) cost sharing system.

EUCOS can also be regarded as a larger scale network across Europe and the surrounding sea areas that pro-
vides a framework for smaller scale networks (designed for very short range forecasting and nowcasting over
national territories) and also contributes to medium range weather prediction over the globe. It can also be con-
sidered as an optimised regional component of the World Weather Watch of the WMO.

2 Programme structure

It was clear at the outset that more upper air observations were needed upstream if the goal of improved NWP was
to be realised. The Atlantic and Mediterranean areas are data sparse but generate damaging cyclones across Europe.
On the other hand, observational coverage across mainland Europe on the larger scale is in general fairly good. This
implies that some resource transfer may be justified — from rather well to poorly observed areas. During the
Implementation Phase of the programme (1999-2002) design studies were conducted leading to overall development
strategies for the various components. These were then finalised taking into account issues of affordability. The cur-
rent EUCOS operational design Ref (1) is summarised in (Fig. 2). Most effort at the present time is involved in imple-
menting this design and completing definitions where necessary as the system evolves and develops out to 2006.
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Fig. 2 The EUCOS Operational Design

The programme consists of a series of elements as outlined in (Fig. 3). A brief review is now given of the main

programme components and the expected evolution out to 2006.
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Fig. 3 The EUCOS Programme Components
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Fig. 4 ASAP Soundings, Feb 2003

This encompasses upper air data from both commercial shipping and Ocean Weather Ship ‘Mike’ together with
the Ekofisk platform in the North Sea. It forms an ‘integrated’ element of EUCOS which means that Members con-
tribute on a GNI basis to the programme costs. The main programme objectives can be summarised as follows:

* reach a total of 18 ASAP ships providing 6,300 soundings per year by 2006.

e optimise the overall system - to provide homogeneous coverage (as far as possible) and appropriate temporal
sampling.

» reduce the average cost of each profile through efficiency measures.
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maintain and (if necessary) replace major equipment components
contribute to the WWW of the WMO through the ASAP Panel

A typical coverage map from the ASAP programme is shown in Fig (4) for Feb 2003. A total of around 3000
ascents are expected to be generated in 2003.

The expected deployment of the 18 ASAP units by 2006 is set out in the Table below:

Number of ASAP Ships | Route

2

Europe - Greenland

3

Channel - French West Indies / Caribbean

1

Between the Canary Islands - Spain

Iceland - Eastern seaboard of Canada / US

Greece/Turkey - NW Europe

Egypt - ltaly

Channel - Charleston

Malta {mid. & west Mediterranean) - Newark

N wl o w

Channel - Montreal

Research vessel (WWW contribution)

4

Aeronautical segment (E-AMDAR)

This element provides profiles of wind and temperature data from aircraft from the ascent and descent phase as
well as en-route observations (as desired). Data costs are a fraction of those from traditional radiosondes and
although humidity measurements are not yet available they provide a lower cost alternative. During the imple-
mentation phase EUCOS conducted an upper air OSE that showed that 700-800 AMDAR profiles per day could
largely offset a significant reduction in radiosonde ascents across Europe Ref (2). This work enabled a less dense
more uniform EUCOS radiosonde network to be defined and offered NMSs the opportunity to re-design national
networks to release resources for investment in improving coverage in data sparse areas. In broad terms the objec-
tives are:

to increase the number of airports where 3-hourly AMDAR profiles are delivered over Europe

generate increasing numbers of en-route and profile data over data sparse/sensitive areas that are impor-
tant to European weather forecasts

procure data in support of the WMO World Weather Watch Programme
achieve data capture of around 13 million messages per year by 2006.

enable Members to procure additional data for national purposes beyond the EUCOS requirement.

The expected growth of the programme between 2003 and 2006 is outlined in the Table below.

Description 2003 2004 2005 2006
Number of airports observed daily {within EUCOS area) 100 110 125 140

‘3 hourly’ locations

{Configured to complement EUCOS radiosonde stations} 25 28 32 35
Number of Profiles (within EUCQOS area) 560 620 680 740
Data over sensitive EUCOS areas a o o o
{Percentage of resources devoted) 15% 19% 24% 30%
WWW contribution o o o o
{(Resources devoted to data acquisition outside of the EUCOS area) 5% 7% 3% 10%
AMDAR observations {annual total) 8 million | 9.5 million | 11 million | 13 million
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The network has developed rapidly in recent years. Figures (5a) and (5b) show a comparison between the cov-
erage in October 1999 and June 2003. It is hoped to improve coverage in data sparse areas and achieve better cov-
erage during the period 00-06 UTC when currently few AMDAR aircraft operate.
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Fig. ba European AMDAR coverage Oct 1999 Fig. 5Bb  European AMDAR coverage June 2003

The programme has established data optimisation and quality control procedures that enable selection of partic-
ular aircraft and routes as required. Further automation and development is envisaged to give greater flexibility to
commission the data required on a day-to-day basis by selection across the entire 600 aircraft fleet. At the beginning
of 2003 responsibility for this programme transferred to the Swedish Meteorological and Hydrological Institute.

5 Surface marine programme (E-SURFMAR)

This is a relatively new activity within the EUCOS framework and is currently supported by 15/2 of the 18 NMSs.
It seeks to establish the EUCOS requirement for surface marine data from Voluntary Observing Ships, drifting
buoys and moored buoys in the context of the other elements of the total system (especially space data). A study
will be conducted across the next two years to develop an optimised design, following which is envisaged a period
of progressive implementation as resources allow. This work proceeds in close co-operation with the European
Group on Ocean Stations (EGOS). Météo-France has been given responsibility for this programme.

6 Territorial networks

As noted earlier the EUCOS upper air design relates closely to the expected growth of AMDAR data across
Europe. A relatively homogeneous network of stations about 500 km apart was chosen as illustrated in Fig. 6. (The
shaded areas indicate the 500 km region around the station)

|
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Fig. 6 EUCOS Upper Air Design Fig. 7  Preliminary Surface Network

Most of these stations are expected to eventually perform 4 soundings per day (shown in blue, grey indicates 2
soundings per day). However, this network is now under review to take into account

e wider availability of AMDAR data than originally envisaged
e availability of new technology such as GPS, profilers and Doppler radar

During the next year EUCOS will seek to develop a revised design taking these additional data sources into account.

2 SurfMar Participants: Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Netherlands, Norway,
Portugal, Spain, Sweden and the United Kingdom.
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A preliminary surface network design, Fig. 7, has been developed using WMO recommendations for surface
observations in regional NWP (the red circles denote GCOS Surface Network Stations). A 250-km spacing has been
used and a requirement for hourly observations agreed. Individual station lists for the national territories of the
18 NMSs are in the process of being finalised.

7 Operations

The EUCOS network became ‘operational’ on the 15t January 2003. Prior to this, network monitoring procedures
and tools were developed (building on capabilities that were already available) to measure end-to-end network
performance against a set of agreed EUCOS performance standards Ref (3). These were defined for each network
component in terms of data availability, accuracy and spatial and temporal resolution (examples of which can be
found at annex 1). The initial priority when operational monitoring began was to ensure that data availability and
timeliness met expectations.
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Routine data monitoring is carried out on a daily basis by the EUCOS Technical Co-ordinator, Jacqui Rogers
(jacqui.rogers@metoffice.com), who is based within the Met Office, Exeter. She examines automatically generated
performance statistics, raises and tracks fault reports and provides quarterly and annual network performance
summaries to interested parties. All of this information is available on the EUCOS website. Figures 8 and 9 show
some example pages.

Fault Correction Procedures have been established to encourage rapid rectification of problems. Network
Change Control Procedures have also been developed to ensure that adjustments can be made to the EUCOS net-
work in a controlled, co-ordinated manner if and when necessary.

The broad aim is to ensure that the components of the system perform in an increasingly effective way as time
progresses. The success of this approach is demonstrated by the decision by COSNA in August 2003 to disband
and entrust their observational data monitoring responsibility to EUCOS.

8 The studies programme

As noted earlier the evolution of EUCOS is guided by a Studies Programme — overseen by a Scientific Advisory
Team chaired by ECMWF and comprising representatives from the main NWP centres in Europe. The 2003 activ-
ities include

* Observing System Experiments (OSEs)
» Technology demonstrations
* Network reviews

The three OSEs given priority in 2003 were:

* high-frequency AMDAR data: testing the benefit of more frequent AMDAR profiles from European airports
(hourly as opposed to 3-hourly)

* additional surface marine data from climatologically sensitive areas in the Atlantic Ref (4)

» targeted observations (in conjunction with THORPEX - the 2003 Atlantic THORPEX Regional Campaign or
A-TReC) Ref (5).

The most ambitious of these is the A-TReC. This is a field campaign whose special observing period (SOP) took
place during October-December 2003. During the SOP a number of supplementary sources of remote and in situ
meteorological observations were made available by European, US and Canadian meteorological organisations, in
addition to the routine observing system. These included:

* dropsondes from up to four European and American research aircraft
* additional land-based radio-sonde ascents

e additional AMDAR reports from commercial aircraft

* additional radiosonde ascents from ASAP ships

* rapid-scan winds from geostationary satellites

All of these additional resources could be used adaptively (or targeted) by specifying the time and/or location
of deployment. The aim was to test the benefit of targeting additional observations within regions and at times
that were predicted to be particular sensitive.

In order to do this it was necessary for those taking part to:
* Collectively identify suitable cases to target (in terms of a forecast verification region and time)

* For each case, compare several predictions of the location of sensitive areas (provided by ECMWE, Météo-
France, Met Office, NCAR and NCEP) and decide on the observation target regions. Figure 10 provides an
example of a sensitivity prediction provided by ECMWE.

* Have in place mechanisms to deliver extra observations in these areas at short notice.

A-TReC was the first time that the real-time adaptive control of such a complex set of observing platforms had
been attempted. It is considered to be an essential preparation and ‘proof of concept’ for future targeting field cam-
paigns. In total some 30 cases were successfully targeted.

Now that the field phase of the A-TReC is complete, attention is focused on evaluating all aspects of the exper-
iment. The results will provide guidance for future THORPEX campaigns and the evolution of the composite
observing system. The assessment will cover:

* the operational decision-making process and the control of the observing system;

* predictions of sensitive areas;
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¢ the impact of additional observations on forecasts.

These studies, if successful, may lead to progressively greater dynamic interaction between NWP schemes and
observing networks.

Other aspects of the studies programme involve evaluation of new technologies including:

¢ TAMDAR (Tropospheric AMDAR): being developed by NASA, these may provide an inexpensive AMDAR
solution including a humidity sensor. This system may be suitable for installation on small, regional aircraft.

e Driftsonde: a semi-targeted observing technology developed by NCAR that involves release of dropsondes
from a gondola attached to a stratospheric balloon.

ECMWF-SAP based on TE-SVs (dry T4Z) and MSL

Valid time: 20021112, 18 UT (Targeting Time)

Shading: areas of 8.4.2, 1 x10 " km’

trajectory Inttlalized trom tc 20021110, 00 UT +66 h

Targ. time: 20031112, 18 UT ' Verlt. time; 20021114, 00 UT (opt: 30h)

B
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Wi e
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Fig. 10 An example of an A-TReC sensitivity prediction. The verification area (illustrated by the box} is predicted to be par-
ticularly sensitive to observations within the shaded region. The darker the shading, the more sensitive the region.
The observation target time is 18 UTC 12/11/03 and verification time 00 UTC 14/11/03.

Annex 1: Examples of Performance Standards

AMDAR Aircraft
Observation cycle and horizontal resolution: As defined in the EUCOS Detailed Design [ref 1].
Whilst the network will be configured to generate soundings over airports with a maximum

frequency of one every 3-hours from each location, inefficiencies within the optimisation systems
are expected to result in greater numbers of profiles over some airports.

Quality s
Data (Ob — Model daily Availability of data TISHnEse
: Of data
mean difference)
Temperature 1.0°K 85%
of data received by
Observation Time
Wind vector 25mls 21,500 Observations / day + 45 minutes
(Based on 2003 target) 95 %
of data received by
Spec Humidity N/A Observation time
+ 120 minutes
Performance statistics based on those already adopted by E-AMDAR
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ASAP Ships

Observation cycle and horizontal resolution: As defined in the EUCOS Detailed Design [ref. 1].
The current operating procedure requires each ASAP ship, when en-route, to provide 2
soundings per day, at 00 and 12UTC when at least 75nm away from land stations. When within

coastal areas close to land stations taking soundings at 00 and 12 UTC the ships are asked to
observe at 06 and 18UTC.

Quality .
Data Element (Ob — Model daily Availability of data Timeliness
mean difference) Of data
Temperature 1.0°K
Wind vector 2.5m/s
] . 85% of soundings
Spec Humidity 10% 300 soundings per year / ship (Parts A,B,C and D)
: received b
0-M 100hPa Geopotential 65m (currently equates to 9 soundings Observation t)ilme
Ht difference per day from 11 ships) +120 minutes
% Achieving 100hPa 90%
% Achieving 50hPa 75%
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