Green computing

High-performance computing (supercomputing) is
central to the core functions of ECMWEF. As such
systems develop to provide greater computational
power they will most likely require increasing
amounts of electricity. ECMWEF is keen to offset
some of the increase in electricity usage by creating
a more energy-efficient environment for the super-
computer thereby reducing energy usage. As well as
lowering the cost of operations, this will have the
added benefit of reducing carbon emissions, thus
making the supercomputer facility ‘greener..

- Annual Report 2010



GREEN COMPUTING

Comparing the energy efficiency
of data centres

The Power Usage Effectiveness (PUE) of a typical
data centre is about 2, although there are data
centres with PUEs exceeding 4. A PUE of 2 means
that the data centre is using twice as much energy
as that required just to power its IT equipment.
New data centres are being constructed with the
aim of consuming only 10% to 20% additional
energy for the infrastructure corresponding to a
PUE in the range 1.1 to 1.2, but those centres in
the UK that were investigated as part of the study

are generally only suitable for standard IT servers
and not supercomputers. The assumption of
equipment being in fixed, standard size racks is
made, and that future equipment would also fit
these racks. The cooling methods are designed for
air-cooled equipment with a maximum heat output
around 20 kW per rack, and the cooling methods
used could not be modified to provide chilled water
directly to cool equipment, such as supercomputer
racks with a heat output exceeding 50 kW per rack.
ECMWEF uses less than an additional 50% of
energy for its infrastructure, on top of that used to
power the IT equipment. The PUE of the computer

building is about 1.45. This means that for every
kilowatt of electricity used directly by the
computer systems an additional 0.45 kW is
attributed to the ancillary services, such as
cooling and lights, and losses in the power
distribution system. This low value reflects the
importance that was attached to increasing
energy efficiency during computer and
infrastructure procurements in previous years,
and is a good result for a building that is more
than 30 years old.

Green computing at ECMWF
Given the need to minimise energy use, the
Technical Advisory Committee Subgroup
on Green Computing initiated a study to
advise ECMWF on how to move towards
an environmentally-friendly high-perform-
ance computing facility (HPCF), with
particular focus on energy efficiency and
low carbon footprint. In the future the
power and cooling requirements of super-
computers may increase significantly and
this will pose major engineering and
budgetary challenges. The study looked at
other large data centres and examined best
practice for providing an energy-efficient
infrastructure for supercomputers.

Energy consumption

The electricity used by a supercomputer of
given computational power is fixed as far as
the user is concerned. Manufacturers of
supercomputer equipment have realised
that they must limit the increase in electri-
city consumption of future hardware to be
within electrical load limitations of major
data centres and for running costs to be
affordable. The infrastructure supporting a
supercomputer consumes large amounts of
electricity that contributes to the running
costs of the data centre and to the carbon
footprint. More than 95% of ECMWF's
energy consumption is related to use of its
HPCF, and so increasing the energy
efficiency of the HPCF infrastructure will
have a relatively large impact on ECMWF's
total energy consumption.

To reduce the energy consumption in
the data centre it is necessary to first know
how much power each piece of equipment
uses. This requires measurement of both
the total energy use of the data centre and
how this is divided amongst the
components. To find out how much
electricity each piece of equipment uses,
ECMWEF installed power meters around the
site. Half-hourly readings are collected and
central software logs all meter parameters:
voltage, current, power factor, power and
energy. The meters allow ECMWF to
measure the electricity usage at power
distribution unit level for computer
equipment and at individual unit level for
infrastructure such as chillers. Readings
from the meters are recorded so that, over
time, changes in the energy efficiency of
the computer building can be assessed and
quantified.

In a typical data centre the overall
energy consumption is determined by the
infrastructure, computer and other hard-
ware, software, and how the system is
managed. To compare the energy efficiency
of one data centre with that of another
there is a need for standard metrics. The
measure that is used at ECMWEF is the
Power Usage Effectiveness (PUE); this
measures the efficiency of the environment
around the supercomputer. PUE is defined
as the 'total power input to the data centre'
divided by '‘power input to computers'.
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One of ECMWF's high-capacity UPS machines.

ECMWF Power Usage
Effectiveness

ECMWEF has been measuring its energy
consumption since spring 2010 to calculate
its PUE for the computer building. The
power input to the computer building is
calculated by subtracting the electricity
consumed by the two office buildings and
the conference building from the total
electricity consumption for the site. This
takes into account all losses within the
main power distribution equipment

(i.e. transformers and Uninterruptible Power
Supply (UPS) systems). As the power input
to the computers is known, the PUE can be
determined.

ECMWEF calculates PUE every 30
minutes from the half-hourly consumption
data provided by its electricity supplier, and
half-hourly data obtained from power
metering equipment installed throughout
the site. The intention is to build a rolling
average over time to obtain the annual
average for the computer building. Analysis
of the data shows that the PUE of the
computer building is about 1.45.

Part of ECMWF's chilled water system and chiller.

Reducing infrastructure energy
consumption

Various projects have increased ECMWF's
energy efficiency. These include replace-
ment of part of the UPS system and most of
the chillers used to provide cooling water
for equipment. Actions have also been
taken to reduce energy use in the office
buildings.

On a typical data centre site the energy
losses associated with power handling and
distribution on-site are likely to be between
1% and about 10% of the site load. The type
of UPS chosen will make most impact on the
additional energy use.

ECMWEF uses a rotary UPS to protect the
site from loss of power due to loss of mains
electricity. It works by using the incoming
electrical supply to turn a flywheel that itself
is connected to an integrated generator. If the
National Grid supply is lost, the flywheel con-
tinues spinning and feeding energy into the
electrical distribution system long enough for
a diesel engine to cut-in and drive the gener-
ator. When power is flowing normally
through the UPS from the National Grid, the
UPS conditions the power supply (e.g. by re-
moving transient spikes). These UPS
machines are about 96% efficient. ECMWF
has recently replaced its two oldest rotary
UPS machines by two new, higher
capacity machines. These are more efficient
than the old ones due to advances in tech-
nology and control systems.
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The centralised chilled-water systems at
ECMWEF use chillers incorporating Turbocor
compressors. Over the last few years these
new packaged air-cooled chillers have
replaced old, relatively inefficient traditional
chillers. Traditional screw or reciprocating
compressor-based chillers are most efficient
at full load, and the efficiency variation with
ambient temperature is minimal. Turbocor-
based chillers are designed to be more
efficient at part load and at low ambient air
temperatures.

The average annual efficiency for a
Turbocor-based chiller is between 5.5 and
6.5, as opposed to being in the range 3 to
3.5 for a more traditional style chiller. This
means that a Turbocor chiller uses half as
much electricity as a conventional one to
provide the same cooling. All chillers at
ECMWEF operate at less than full load
because they are run in a redundant mode
with spare capacity available, and they run
continuously throughout the year as in
most data centres. Consequently the saving
to be made using Turbocor compressors is
significant.
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Efficiency of the chillers

One of the chilled-water circuits at ECMWEF is driven by three Turbocor chillers. ECMWEF switched off
one of the three chillers to measure the effect on electricity consumption. It was found that two chillers
operating at 90% of their maximum load use 12-15% more electricity than three chillers operating at
about 60% of peak. This demonstrates the improved efficiency of Turbocor-type chillers at part load
compared with conventional chillers which are more efficient at higher loads.

The ECMWEF chilled-water system was designed with flow and return temperatures of 7°C and
14.5°C respectively. To reduce the amount of energy required for cooling of IT equipment, manufactur-
ers are increasing the temperature at which the equipment can operate. This applies also to ECMWF's
HPCF, where the temperature of the cooling water could be increased to 20°C. ECMWEF has increased
the temperature of the cooling water for one of the HPCF clusters from 7°C to 12°C. This has achieved
a 13% saving in electricity use by the chillers. It was decided not to use water temperatures higher than

this due to water flow capacity constraints and the need to allow a margin for the temperature of the
chilled water to increase while remaining under control, in the event of chiller problems.

Use of ‘free cooling’

There can be little doubt that the most
efficient cooling method is the use of 'free
cooling', which uses the ambient (external)
air to cool the air or water that provides the
direct cooling to equipment in the data
centre. Installation of some free cooling for
the ECMWF data centre is being studied.
The main disadvantage of free cooling
systems is that plant and equipment tends
to be larger to take the maximum advantage
of small temperature differences. This
increases capital costs and space require-
ments but these costs will often be justified
by life cycle cost analysis. The most
important factor, however, is that free
cooling systems will significantly reduce
carbon emissions that would otherwise
arise from the generation of electricity to
drive mechanical cooling systems.

Office energy consumption and

towards carbon neutrality

ECMWEF set up an Energy Efficiency

Working Group to examine and attempt to

reduce the energy used in buildings other

than the data centre. This Group made
recommendations on the use of built-in
passive infrared (PIR) sensors to control
lighting in common areas, more efficient
use of the central heating and chilled-water
systems and more efficient use of desktops,
such as using a blank screen saver to reduce
electricity consumption.

As well as reducing the energy con-
sumption on the site the Group investigated
ways of working towards carbon neutrality.
The strategies considered so far are:

e Purchase 'green’ electricity through a
conventional supplier.

* Investin a supplier of renewables,
‘earmarking' some of the renewable
energy for use by ECMWEF — the benefits
being that the price can be negotiated
explicitly (and thus is less susceptible to
market variations) and the source can be
identified.

» Generate electricity on-site using
photovoltaic (solar) cells.

e Use ground water to provide some
cooling for the data centre.

In the short term, the first option is being

pursued. 'Green' tariffs are available from

most large energy providers based on the
premise that a proportion of the electricity
supplied is generated from sustainable

sources. At present the sustainable
proportion is only in the order of 10%,
although this is likely to increase over the
next few years if government policy
objectives are to be achieved. However, it
is unlikely that a significantly higher
proportion of grid-supplied energy will be
produced from sustainable sources in the
near future. The demand for green
electricity exceeds the available supply. In
2010 green electricity was not available
from ECMWF's supplier, but a proportion
of the electricity supplied in 20171 will be
from green sources.

The second option has the potential for
electricity price stability. However, this is a
long-term option which requires further
study.

The option to use photovoltaic cells to
generate electricity has been shown to be
uneconomic and impractical. Even if the
whole of the data centre roof (the largest
potentially suitable area on ECMWF's site)
were used it would generate less than 1% of
the required electricity and would have a
payback period of 10 to 15 years under
current assumptions about electricity costs
and feed-in tariff. Use of ground water for
cooling, the last of the options, is being
investigated.

ECMWE will continue to monitor the
energy efficiency of the site and particularly
the data centre infrastructure. New and
existing technologies to reduce energy
consumption will be evaluated.
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Cooperation

ECMWEF pursues extensive scientific and technical
collaboration, in particular with its Member States,
with satellite agencies and with the European
Commission. It participates in several programmes
of the World Meteorological Organization (WMO)
and contributes to climate monitoring in cooperation
with the climate community.
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WMO ECMWEF is participating as a Global

Following the Council's decision to increase
the range of "WMO Essential products,
ECMWEF made these extra datasets avail-
able on WMO's Global Telecommunication
System and on a data server. Charts of
these extra 'essential’ products have also
been added to the ECMWF website. The
new charts show the ensemble mean and
ensemble standard deviation (spread) for
500 hPa geopotential, 850 hPa wind and
temperature and mean sea-level pressure —
they can be found at:
http://www.ecmwf.int/products/
forecasts/d/charts/medium/eps/

The first meeting of the WMO Co-ord-
ination Group on Forecast Verification
(CG-FV) was hosted at ECMWEF from 24 to
26 November 2009. The meeting proposed
the establishment of a Lead Centre for
Deterministic NWP Verification (LC-DNV).
At its 73rd session (June 2010) the Council
agreed that ECMWF should respond
positively to WMO's request for nomina-
tions to become the LC-DNV.

Example of an EPSgram provided to a WMO
Member. The EPSgram is for Caia, one of the ten
locations for which ECMWF provides EPSgrams for
Mozambique — one of the participants in the first
WMO Severe Weather Forecast Demonstration
Project (SWFDP) in southern Africa. The EPSgram
starts on 5 March 2010.

Centre in two subprojects that are part of
the WMO Severe Weather Forecasting
Demonstration Project (SWFDP); the
subprojects are in southern Africa and the
South Pacific islands. A range of graphical
products is provided from ECMWF's high-
resolution deterministic forecast and the
EPS. Products are aimed at providing
indications of the risk of severe weather. A
new SWFDP is now being set up for east
Africa; ECMWEF will again support this
initiative in its role as a Global Centre.

EPS Meteogram
Caia 17.85° 35.44°E (EPS land point) 58 m (T1279)
Deterministic Forecast and EPS Distribution Friday 5 March 2010 00 UTC
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CO-OPERATION

WMO Members access a wide variety of products from the ECMWF
website. The pie chart shows the proportional breakdown of WMO Members'
access to ECMWF web products in May 2010 according to topic areas:
EPSgrams, Deterministic Forecasts, EPS Forecasts, EFI (Extreme Forecast Index),
SWFDP (WMO Severe Weather Forecast Demonstration Project), Tropical
Cyclones, Observation Monitoring, Verification and Seasonal Forecasts.

Group on Earth Observations
(GEO)

GEO is leading a worldwide initiative to
build a Global Earth Observation System of
Systems (GEOSS) over the coming years.
ECMWEF has been a Participating Organi-
zation in GEO since the initiative was
started in 2003. This has involved ECMWF
contributing to the activities of the GEO
User Interface Committee and the Science
and Technology Committee.

ECMWEF contributes to several tasks of
the GEO 2009-2011 Work Plan in the
societal benefit areas concerning weather,
climate, health, energy, and water. Contri-
butions are mainly based on reanalysis data,
ECMWF's long-standing expertise in
numerical weather prediction and in
Observing System Experiments (OSEs),
and activities associated with TIGGE.
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Provision of real-time data

In addition to providing data to EUMETSAT and
ESA, governed by co-operation agreements,
ECMWEF provides real-time data to space
agencies and other satellite data producers on the
condition that it receives observations for use in
its forecasting system and that the use of ECMWF
data is restricted to satellite data processing only
(in particular calibration/validation).

ECMWEF is currently providing real-time data to
the following missions:
e NASA/GLDAS (since 2001)

¢ NASA/CLOUDSAT (since 2007)
e UCAR/COSMIC (since 2007)

¢ NASA/OCO (since 2008)

¢ NIES/GOSAT (since 2008)

*  NOAA/NESDIS/NPOESS Preparatory Program
(since 2009)

¢ [ISRO/NRSC (since 2009)
¢ NCAR/MOPITT (since 2010)
e NASA-JPL/SMAP (since 2010)

Space agencies

The annual, bilateral meeting with
EUMETSAT took place on 11 February. The
use of EUMETSAT data, in particular from
the MetOp satellite, was reviewed. Other
items included the EUMETSAT fellowships,
ECMWEF's involvement in the satellite
application facilities (SAFs) and the contri-
butions of both organisations to the Group
on Earth Observations (GEO) and Global
Monitoring for Environment and Security
(GMES). It is worth noting that EUMETSAT
is a formal partner of the EU-funded
reanalysis project, ERA-CLIM, led by
ECMWEF.

The annual, bilateral meeting with ESA
took place on 5 March and allowed each
organisation to present its plans. The
collaboration on reanalysis and its role
within the ESA Climate Change Initiative
was consolidated. ECMWEF also presented
its technical and scientific preparation for
the exploitation of the recently-launched
Soil Mositure and Ocean Salinity (SMOS)
Mission and the forthcoming Atmospheric
Dynamics Mission (ADM). The interest and
role of ECMWEF in the monitoring of ESA
future Sentinel satellites was also discussed.

EUMETNET
ECMWEF contributes to the activities of the
scientific advisory team of the EUMETNET
Composite Observing System (EUCOS-
SAT). The scientific advisory team, which
met at ECMWEF in March 2010, reviewed
the European upper-air observation
network that consists mainly of data from
radiosondes and ascending and descending
aircraft at the main airports. Based on the
results from thorough investigations, the
meeting recommended that, where such
observations are within 100 km of each
other within Europe, one observation
location could be removed without degra-
dation to the NWP forecast performance.
The impact of data from buoys drifting in
the North Atlantic had been the subject of a
specific study. The buoys were shown to be
of significant benefit for the prediction of
storm Klaus, which caused widespread
damage across France and Spain in January
2009. Plans for further EUCOS-funded
observing system impact studies were
agreed (i.e. relative impact of the space-
based and terrestrial data, and impact of
targeted observations).
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ECMWEF has been a partner in the
EUMETNET Short Range Numerical
Weather Prediction (SRNWP) Interoper-
ability Project since 2008. The three-year
project combines efforts from the three
European limited-area model (LAM)
consortia and the European providers of
lateral boundary conditions from global
atmospheric models. The third project
meeting was held at ECMWF in December
2010. ECMWEF contributes to the project its
experience in defining and encoding a
common model dataset in GRIB edition 2
using ECMWEF's software and providing a
data server for sharing sample datasets and
documentation from all participating
partners.
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THORPEX/TIGGE

ECMWEF has continued its involvement in
the WMO World Weather Research
Programme on THORPEX, called TIGGE
(THORPEX Interactive Grand Global
Ensemble), both as a contributor to the
development and provision of the neces-
sary infrastructure and as a data provider.
The current service consists of feeding the
TIGCE data repository with research and
operational forecasts from various centres
in near-real time. Tools to access this
archive and to provide consistent data
access have been further developed.

The TIGGE database is a key component
of THORPEX, aimed at enhancing internat-
ional collaboration between operational
centres and academia on the development
of ensemble prediction.

NCAR

@ Archive Centre
© Data Provider
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EFAS hydrological forecast indicating the
possibility of flooding in Central Europe.

The EFAS forecast issued on 12 May 2010 indicated
the possible occurrence of high river levels in Central
Europe. Thereafter a series of weather events caused
devastating flooding across several Central European
countries during May, June and August 2010. The
red reporting points indicate where the forecast
probability to exceed the EFAS high threshold
(return period between 5 and 20 years) is greater
than 10%. By the side of the reporting points are
numbers denoting how many members exceed the
high threshold from the ECMWEF EPS (out of 51)
and COSMO-LEPS (out of 16).

TIGGE allows scientists around the globe
to access an archive of operational and
research ensemble forecasts from a number
of NWP centres. The TIGCE database now
contains four years of global data from en-
semble prediction systems and holds more
than 388 terabytes (2.15 billion fields). There
are more than 900 registered users of the
TIGGE data portal.

The TIGGE website hosted by ECMWF
has been extended to include more inform-
ation on the research being undertaken
using the TIGGE data and includes a list of
references to publications that have used
TIGGE data. More than 30 scientific papers,
conference papers and other reports have
been produced so far; almost half of these
were published in 2010, indicating the use
that is now being made of the TIGGE dataset.
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TIGGE data exchange enhances international collaboration between operational centres and

CO-OPERATION

Input to the EFAS

EFAS uses LISFLOOD - a GIS-based, distributed
hydrological rainfall-runoff-routing model
specifically designed to be used in large-scale
catchments. The model is for all of Europe on a
5 km grid in different configurations:

*  With an hourly time step, using deterministic
high-resolution weather forecasts from either
Deutscher Wetterdienst (DWD) or ECMWEF.

* With a six-hourly time step using weather
forecasts from COSMO-LEPS (the limited-
area ensemble prediction system developed
within the COSMO consortium).

 Daily time step using ECMWEF EPS forecasts.

EFAS provides discharge forecasts for the main

European river basins.

Joint Research Centre of the
European Commission

The European Flood Alert System
(EFAS) developed by the Joint Research
Centre (JRC) of the European Commission
at Ispra, Italy, provides early flood alerts on
a pre-operational basis to national hydro-
logical services.

ECMWEF is working closely with JRC to
evaluate EFAS performance and further
improve the system. In a recent collabor-
ative study, the performance of EFAS when
driven by ECMWF single high-resolution
forecasts was assessed over a period of ten
years. EFAS river discharge forecasts were
run in a hindcast mode every week for a
period of ten years using the ECMWF
weather forecasts available at the time, and
evaluated for a total of 1,025 key river
gauging stations across Europe. Results
indicate that over the period of ten years,
the skill of the EFAS forecasts has steadily
increased based on the improvements in
the quality of the operational meteorologi-
cal forecast.

Following the signing of a one-year
contract between JRC and ECMWF, work
started in October 2010 to install a pre-
operational version of EFAS at ECMWEF.
JRC has transferred all data and programs
to ECMWF. In addition to the work on the
pre-operational set-up of EFAS at ECMWF,

academia on the development of ensemble prediction. There are ten producing centres and three
archiving centres. Around 430 gigabytes of data (~1.6 million fields) are exchanged daily between several
data providers and the three archive centres in near-real time. ECMWEF uses the TIGGE archive to compare
its own EPS with the other ensemble prediction systems.

the evaluation of bias-correction of rain and
temperature based on the EPS re-forecast
suite will be carried out.
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Education and training,
workshops and meetings

Scientists and computer specialists from Member
States, Co-operating States and WMO Members
participate in ECMWF'’s extensive education and
training programme to enhance their understanding
of NWP and the ECMWF computer facilities. In
addition, workshops and meetings provide the
opportunity for experts from around the world to get
together to exchange ideas, discuss the latest
research and debate future developments.
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Number of attendees at the meteorological training courses in 2010.

RAINING, WORKSHOPS AND MEETINGS

There were 113 applicants, from 19 Member States and Co-operating States,

for one or more modules of the meteorological courses. In addition there were
18 applicants from states and organisations with which ECMWF has a working

agreement.

MET OP: Use and interpretation of ECMWEF products.
NWP NM: Numerical methods, adiabatic formulation of models and ocean

wave forecasting.

NWP DA: Data assimilation and use of satellite data.
NWP PA: Parametrization of subgrid physical processes.
NWP PR: Predictability, diagnostics and extended-range forecasting.

Education and training

Use of computing facilities
Six independent modules of the course on
‘Use of Computing Facilities' were run at
ECMWEF.
* GRIB API: Library and tools

(23-26 February)
* Introduction for new users/MARS

(1-5 March)
* Magics (8-9 March)
* Metview (10-12 March)
* Use of supercomputing resources

(15-19 March)
* Introduction to SMS/XCdp

(22-24 March)
A total of 49 participants from 18 Member
States, Co-operating States and other
organisations attended the various modules
in 2010. In the context of the WMO
Disaster Risk Reduction Programme, six
participants from Albania, Bosnia and
Herzegovina, and the former Yugoslav
Republic of Macedonia attended the
modules on Magics and Metview.

Material presented during the various
modules is available on the ECMWEF website.

Met OP NWP NWP NWP NWP
(1&1) NM DA PA PR

Member States/Co-operating States 78 18 26 49 18

Non-Member States

12 10 9 10 9

Total applications

90 28 35 59 27

Total attendees

54 28 35 38 18

Use and interpretation of ECMWF
products
The objective of this course is to assist
Member States and Co-operating States
with advanced training in the use of
operational products from the ECMWF
forecasting system. It is directed towards
those staff in the meteorological services
who are (or will be) using ECMWF products
either directly as forecasting staff, or in
research and development work, and is
aimed at maximising the benefits to users of
the Centre's products. Courses were given
from 1to 5 February and 8 to 12 February.
As in previous years ECMWEF organised
an additional course for participants from
WMO National Meteorological and Hydro-
logical Services which are not from ECMWF
Member States or Co-operating States. This
took place from 11 to 15 October. There
were 25 applications. WMO funding
provided financial support for seven
candidates (from Burkina Faso, Georgia, the
former Yugoslav Republic of Macedonia,
Philippines, Solomon Islands, Uganda and
Vanuatu) who are participants in WMO
Severe Weather Demonstration Projects.
Three candidates (from Brazil and China)
had their own funding. Additional places
were available but these could not be filled
because of lack of funding for travel.

Numerical Weather Prediction

ECMWEF conducts an NWP training course

each year. This is designed to provide

meteorologists from Member States and

Co-operating States with advanced training

in NWP. The training course this year

consisted of the following modules.

* Numerical methods, adiabatic
formulation of models and ocean wave
forecasting (12-16 April)

 Data assimilation and use of satellite data
(5-14 May)

e Parametrization of subgrid physical
processes (17-27 May)

* Predictability, diagnostics and extended-
range forecasting (18-27 October)

The NWP PR module had to be re-sched-

uled since 90% of the participants were not

able to travel to ECMWEF due to the

‘volcanic ash travel restrictions' in April. The

module took place in October and most of

the original candidates managed to attend.

55



56

& =l By _L i

ECMWF/JCSDA workshop. Participants of the ECMWF/JCSDA Workshop on ‘Assimilating satellite observations of clouds and precipitation into NWP models’

hosted by ECMWEF from 15 to 17 June 2010.

Seminar and workshops

ECMWF/JCSDA Workshop on ‘Assimi-
lating satellite observations of clouds
and precipitation into NWP models’
From 15 to 17 June a workshop organised by
ECMWEF and JCSDA (Joint Center for Satellite
Data Assimilation) was hosted at ECMVVF.

Its aim was to review the current status of
cloud/precipitation assimilation in NWP and
produce recommendations for future
research developments and collaboration.
About 65 participants attended the workshop,
representing most major NWP centres around
the world as well as research institutes and
universities.

The workshop sessions concentrated on
issues related to cloud- and precipitation-
affected observations, radiative transfer
modelling, cloud and precipitation
representation in numerical models, and
problems of integrating such data in opera-
tional data assimilation systems. A novel
approach to working group organisation
was taken by running groups composed of
experts in observation, modelling and data
assimilation in parallel.

More details on the workshop and all
presentations can be accessed at:
www.ecmwf.int/newsevents/meetings/
workshops/2010/Satellite_observations/
index.html

Annual Seminar on ‘Predictability in
the European and Atlantic regions
from days to years’

The seminar reviewed recent progress in
predicting European—Atlantic variability on a
variety of scales, with emphasis on the links
between different regions and various
components of the weather/climate system.

CECMWF
2010 SEMINAR

Predictability in the
Euro n and Atlantic

regions from days to years
of ol el olo | | 6-9 September

Some meetings hosted by ECMWF

* Bilateral meeting with EUMETSAT, 11 February

e Scientific Advisory Team of the EUMETNET
Composite Observing System (EUCOS-SAT),
2-4 March

e GEO User Interface Committee, 2-4 March

 Bilateral Meeting with ESA, 5 March

e 215t Annual Meeting of the European
Working Group on Operational Meteoro-
logical Workstations (EGOWS), 1-4 June

5t SAFEWIND Project Workshop,
28 September—1 October

¢ WMO Co-ordination Group on Forecast
Verification (CG-FV), 24—-26 November

 3rd Meeting of the SRNWP Interoperability
Project, 1-3 December
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Some meetings organised by
ECMWF

* First General Assembly of the MACC Project,
11-15 January

* Web Developers' Meeting, 1-2 February

* TAC Subgroup to Review the BC Project,
st session, 5 February

*  Working Group on the Long-term Building
and Refurbishment Requirements,
17-18 February

» TAC Subgroup on Verification Measures,
3rd session, 15-16 April

» Forecast Products Users' Meeting, 9-11 June

* Meetings of Security Representatives and
Computing Representatives, 14-17 June

* TAC Subgroup on Green Computing,
st session, 9-10 September

* TAC Subgroup on Verification Measures,
4th session, 20-21 September

» TAC Subgroup to Review the BC Project,
2nd session, 23-24 September

*  Working Group on Long-term Building and
Refurbishment Requirements, 19-20 October




Some key recommendations
from the workshop on
‘Assimilating satellite
observations of clouds and
precipitation into NWP models’

Data assimilation techniques should be
adjusted to facilitate the usage of cloud
information.

Studies on critical analysis errors should be
performed for the understanding of errors
that drive forecast performance.

Attention should be given to the fundamen-
tal model biases associated with the life
cycle of cloud development and decay.
Longer-term research should be invested in
work on model error definition.

Alternative assimilation techniques should
be explored that are better suited to treat
non-linear inversion problems.

Model ensembles should pave the way
towards hybrid methods that combine the
advantages of ensemble techniques with
4D-Var.

Some key recommendations
from the workshop on
‘Non-hydrostatic modelling’

Explore the use of explicit versus semi-
implicit methods for the compressible Euler
equations.

Continue exploration of increased scalability
and efficiency of the spectral transforms.
Only consider abandoning the spectral
approach if proven uncompetitive with
gridpoint methods.

Continue exploration of stability and
efficiency of the semi-implicit algorithm.
Carry out more research into the
consistency between the non-hydrostatic
dynamical core and the physical
parametrization package.

Consider organising a workshop specifically
aimed at 'grey zone' problems.

Maintain resources to continue
investigations of the impact of the non-
hydrostatic model on forecast skill.
Maintain and strengthen existing links and
establish new collaborations with users/
developers of the non-hydrostatic IFS/
ARPEGE system outside of ECMWEF.

Keep abreast of external developments
concerning different approaches and, if
circumstances dictate, move to develop/
adopt a new core whilst recognising that this
will require significant new resources.

14th Workshop on ‘High-performance
computing in meteorology’

The workshop took place from 1 to

5 November 2010 and was attended by
over 100 participants from meteorological
services, research institutions and computer
vendors, coming from 18 different
countries. The emphasis of this workshop
was on running meteorological applications
at sustained teraflops performance in a
production environment, and in particular
on the future scalability of NWP codes and
the tools and development environments to
facilitate this.

At the workshop there were 45 present-
ations covering a wide range of topics. Four
of these talks were on the use of General
Purpose Graphics Processing Units
(GPGPUs) which are now being used as
accelerators on the world's fastest super-
computers. It will be interesting to follow
such developments at future workshops,
with emphasis on whether these units can
be successfully applied to numerical
weather prediction or climate forecasting.

Presentations from this workshop can be
found at:
www.ecmwf.int/newsevents/
meetings/workshops/2010/
high_performance_computing_14th/
presentations/

ING, WORKSHOPS AND MEETINGS

Workshop on

‘Non-hydrostatic modelling’

A three-day workshop on non-hydrostatic
modelling was held at ECMWF from 8 to 10
November 2010. The workshop brought
together about 35 leading experts in the field
of non-hydrostatic modelling.

The workshop started with a series of
15 invited presentations on the status of
and recent developments in non-
hydrostatic modelling at major NWP
centres and atmospheric research
institutions from around the world.

In the second part of the workshop, the
participants separated into three parallel
working groups that made valuable recom-
mendations and suggested potential
avenues for ECMWEF to explore. This guid-
ance is timely as the Centre plans to
upgrade its operational resolution to 10 km
by about 2015, beyond which it is essential
for the Centre to have an efficient, accurate
and robust non-hydrostatic model.

A full report will be published in the
workshop proceedings, available by
following the links at:
www.ecmwf.int/publications/
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Administrative matters

To ensure that ECMWEF can fulfil its strategic aims, it
is necessary that appropriate facilities and funding
are in place. In addition, the recruitment and
retention of highly qualified and motivated staff,
coupled with staff exchanges between ECMWF and
its Member States, play a key role in maintaining
ECMWEF as the world leader in global medium-range
weather forecasting.
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Personnel

ECMWEF's Director-General, appointed by
the Council, is responsible for implementing
the organisation's objectives and oversees
three departments: Operations, Research
and Administration.

At the end of December 2010, ECMWF
employed 161 staff members and 77
consultants. Furthermore, 33 contractors
were working on the ECMWEF site. During
the year, 12 staff members were recruited,
4 staff members left the organisation and
2 staff members retired.

ECMWEF recruits staff members from its
Member States and Co-operating States,
and consultants are recruited worldwide.
Currently, 27 nationalities are represented
at ECMWEF.

A key ingredient to the success of
ECMWEF is the high level of expertise and
dedication of the staff. This has ensured
that ECMWEF continues to be at the fore-
front of applying the latest research and
technological developments to meet the
increasingly demanding needs of Member
States.

ADMINISTRATIVE MATTERS

Year

50%

17%

48% 17%
50% 17%
51% 17%
2010 49% 17%

Proportion of female staff employed by
ECMWEF during the period 2006-2010.

Employment

ECMWEF operates an equal opportunities
policy. Staff and consultants are recruited
solely on the basis of their qualifications
and experience, regardless of gender,
nationality, marital status, race or religion.

The proportion of female staff employed
at ECMWF as at the end of 2010 was 49%
for B-grades and 17% for A-grades. The
corresponding figures for 2009 were 51%
and 17%.

During 2010, ECMWF issued a total of
33 vacancy notices (compared with 17
vacancy notices during the previous year),
of which 19 were for staff positions and 14
for consultancy positions. Of the 33
vacancies, 20 have been completed. In total
ECMWEF received 899 applications, of
which 696 (77%) were from male applicants
and 203 (23%) from female applicants. Of
the selected staff and consultants, 64% are
male and 36% are female.

The work on the new computerised
recruitment module within the NAVISION
computer system is still in progress.
Although the work has been delayed, it is
envisaged that the new module will be
implemented in the early part of 2011.

Pension schemes (7%) ~ Operating

e expenditure
Buildings 2%)

(11%)
Other (1%)

Personnel
(40%)

Computer
expenses (39%)

Expenditure in 2010 by category.

Finance
At its meeting in December 2009, the
Council agreed that Member States' contri-
butions to the budget for 2010 would
increase by 3.12% over the budget for 2009.
ECMWF's budget for 2010 was
£39,569,200. This included contributions
from Member States and Co-operating
States amounting to £37,564,800. The main
expenditure was on staff and the high-
performance computer (HPC) infrastructure.
The Centre is aiming to be compliant
with International Public Sector Accounting
Standards (IPSAS) by 2012. In order to
ensure that this aim is met, ECMWF has set
up an IPSAS Steering Committee to oversee
the implementation of IPSAS. This
committee has set up working groups to
review specific aspects of IPSAS and make
recommendations to ensure compliance
with the standards. There are currently two
working groups, one to review accounting
for staff benefits and one to consider
treatment of fixed assets.
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Awards and appointments

David Burridge, former Director of ECMWEF, was awarded the European Meteorological Society silver

medal for his outstanding leadership and scientific contributions in the field of numerical weather prediction.

Tim Palmer (Head of Probabilistic Forecasting and Diagnostics Division at ECMWF) was awarded the Carl-
Gustaf Rossby Research Medal at the 90th Annual Meeting of the American Meteorological Society (AMS) in
recognition of his outstanding contributions to the understanding of the structure or behaviour of the
atmosphere. Also he became President of the UK's Royal Meteorological Society.

Florian Pappenberger (Predictability and Diagnostics Section) received the Outstanding Editor Award from
the European Geosciences Union (EGU) in recognition of his excellent services as editor of ‘Hydrology and
Earth System Sciences'.

Bob Riddaway (Consultant) received the FitzRoy Prize from the Royal Meteorological Society for the
contributions made to education and training.

Olaf Stiller (Consultant) was awarded the Buchan Prize from the Royal Meteorological Society for two papers
published in its journals that are adjudged to contain the most important original contributions to meteorology.

Tim Palmer receiving an award from the AMS.
Presentation of the Carl-Gustaf Rossby Research
Medal by Tom Karl (AMS President, left).
Photograph: Jenni Girtman/Atlanta Event
Photography; photograph provided courtesy of AMS.

Working Group on the long-term
building and refurbishment

The Centre’s organisation on 31 December 2010

requirements

In December 2009 the Council established a Director-
i ] S General's
working group with open participation to be Office

chaired by Mr Detlev Fromming (Germany).
Its remit is to draw up recommendations,
including first cost estimates and timelines,

Financial
Controller

Director-General
Dominique Marbouty
|

for a comprehensive building and refurbish-

ment plan for ECMWEF. In doing this, the

Working Group is expected to:

* analyse ECMWF's conference centre
requirements, with special emphasis on
the need to accommodate an increasing
number of Member States;

* analyse the requirements for additional

Director of Operations
Walter Zwieflhofer

facilities;

* analyse the actual and foreseeable
refurbishment requirements for the old
office building;

* take into account the ongoing

Director of Administration
Ute Dahremoller

b, g

Director of Research
Erland Kaéllén
|

i ) i - ) Computer Meteorological Data Division Model Division Probabilistic
discussions in the Technical Advisory Division Division Jean-Noél Thépaut ~ Martin Miller Forecasting &
Committee on ‘Green Computing'. Isabella Weger Erik Andersson Dgﬁlr;;itri‘cs

In 2010 the Working Group met twice: Tim Palmer

17-18 February and 19-20 October.
As afirst step, it agreed on the content of a
detailed option and feasibility study.

Meteorological Applications
Data & Services

Graphics

Meteorological Operations

Computer Operations
Network & Computer
Security

Servers & Desktop
Systems Software
User Support

Personnel
Contracts

Legal Questions
General Services
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Prof Aksel Wiin-Nielsen

Prof Aksel Wiin-Nielsen, the first Director at
ECMWEF, sadly passed away on Monday,

26 April 2010. He was instrumental in the
Centre's success.

A Danish national, Prof Wiin-Nielsen was
ECMWF's first Director from 1 January 1974 to
31 December 1979. He put ECMWEF on track to
become a world leader in global numerical
weather prediction. On leaving ECMWEF, Prof
Wiin-Nielsen became WMO Secretary-General
in 1980, and then Director of the Danish
Meteorological Institute (DMI) in 1984. In that
function, Prof Wiin-Nielsen returned to ECMWF
to attend sessions of the ECMWEF Council,
representing Denmark. He served as President
of the ECMWEF Council in 1987. He became
Professor of Physics at the University of
Copenhagen in 1987, and continued his
research interests well after his retirement in
1995. During his long career Prof Wiin-Nielsen
received many international awards.

Amendments to the Convention
The amendments to the Convention of
ECMWEF entered into force on 6 June 2010.
This was a milestone in ECMWF's history as
it allows an enlargement of ECMWF's
membership and an expansion of the scope
of its activities.

The original Convention restricted
ECMWEF's membership to the founding 18
Member States. The amended Convention
enables more States to join ECMWF as full
Member States. Following the entry into
force of the amended Convention, requests
for full membership were received from
several Co-operating States. Negotiations
on accession agreements started with
these States.

Furthermore, the amended Convention
enlarges ECMWEF's mission to cover the
monitoring of the Earth system. It allows
the Centre to run Third Party Activities that
are in line with its purposes and objectives,
and also to establish Optional Programmes
that contribute to the ECMWF objectives;
these will provide an excellent means to
execute activities in which not all Member
States wish to be involved.

ADMINISTRATIVE MATTERS

Co-operation agreements

During 2010, the co-operation agreements
with Bulgaria and Israel entered into force,
respectively on 12 July and 28 October. To
date, co-operation agreements have been
signed with Bulgaria, Croatia, Czech Republic,
Estonia, Iceland, Israel, Hungary, Latvia,
Lithuania, Montenegro, Morocco, Romania,
Serbia, Slovakia and Slovenia.
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Appendices

ECMWF’s Member States and
Co-operating States

Member States

Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, ltaly,
Luxembourg, the Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.

Co-operating States

Bulgaria, Croatia, Czech Republic, Estonia,
Hungary, Iceland, Israel, Latvia, Lithuania,
Montenegro, Morocco, Romania, Serbia,
Slovakia and Slovenia.

Co-operating States have full access to
ECMWEF real-time products, archive data,
software tools, as well as access to ECMWF
training facilities.

Co-operation agreements

ECMWEF has co-operation agreements with

the following organisations:

* World Meteorological Organization
(WMO)

* European Organisation for the
Exploitation of Meteorological Satellites
(EUMETSAT)

¢ African Centre of Meteorological
Applications for Development (ACMAD)

* ALADIN (Météo-France)

* Joint Research Centre (JRC) of the
European Commission

* Preparatory Commission for the
Comprehensive Nuclear Test-Ban Treaty
Organization (CTBTO)

* Executive Body of the Convention on
Long-range Transboundary Air Pollution
(CLRTAP)

* European Space Agency (ESA)

* European Union (on the Development
and Testing Phase of the European
Flood Alert System)

The Council

As ECMWF's governing body, and
comprising representatives from each
Member State, the Council adopts
measures that implement the Convention.
Its responsibilities include admission of new
members, authorising the Director-General
to negotiate and conclude co-operation
agreements, determining the annual budget
and the scale of financial contributions of
the Member States, adopting the Financial
Regulations and the Staff Regulations, and
pursuing the Centre's long-term strategy
and programme of activities.

President:
Wolfgang Kusch
(Germany)

Vice-President:

73rd session

Daniel Keuerleber-Burk (Switzerland),
74th session

Francois Jacq (France)

The 73rd and 74th sessions of Council took
place on 24-25 June and 7-8 December
2010.
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ECMWF Council 73"d session

The main results of this session were as
follows.

Third Party Activities and Optional
Programmes

The Council unanimously adopted the pro-
cedures for approving and implementing
Third Party Activities and Optional
Programmes now possible under the
amended Convention.

Co-operation

The Council unanimously authorised the
Director-General to negotiate and conclude
a one-year extension of the current
co-operation agreement with the Joint
Research Centre (JRC) on the development
and testing of the European Flood Alert
System (EFAS) to cover a project fully
funded by the Monitoring and Information
Centre (MIC) of the European Commission.



GMES (Global Monitoring for

Environment and Security)

The Council unanimously adopted the

ECMWEF strategy regarding GMES.

e The main involvement of ECMWF in
GMES will remain in the atmosphere core
services where it intends to continue to
play both the role of coordinator and
main player.

e ECMWF intends to continue to be a
partner in land and emergency response
core services where its role will be defined
by the agreed scope of the core services.

* Reanalysis is recognised as a crucial input
for climate monitoring and, therefore, it is
expected that the GMES Climate Services
will be the right framework for a European
sustained reanalysis activity. ECMWEF is
willing to continue coordinating European
efforts in reanalysis.

* ECMWF is prepared to coordinate the
GMES Marine Core Services "if requested
by the oceanographic community and by
the GMES governing bodies".

* The main task of ECMWF will be to
prepare with the European Commission
and Member States an appropriate
framework for its contribution to the
implementation of sustained GMES core
services from 2014 at the latest.

WMO

The Council unanimously:

* Authorised the continuation of ECMWF's
ongoing support for WMO's severe
weather forecast demonstration projects
(SWFDP) as a Global Centre.

* Approved ECMWF's plan to respond
positively to WMO's request at the forth-
coming Commission for Basic Systems
(CBS) for nomination as Lead Centre for
Deterministic NWP Verification.

* Authorised the continued provision of
deterministic and ensemble tropical
cyclone track information in real time, for
research use only, in support of THORPEX
and other WMO-led research activities.

ECMWEF Council 74th session

The main results of this session were as
follows.

Appointment of a new Director-General
The Council unanimously approved the
appointment of Prof Alan Thorpe as the new
ECMWEF Director-General from 1 July 2011,
New Co-operating and Member States

The Council unanimously authorised the
Director-General to conclude co-operation
agreements with the former Yugoslav
Republic of Macedonia and with Bosnia and
Herzegovina. Also the Council unanimously
agreed to vote by correspondence on
Iceland's and Slovenia's applications for full
membership early in 2011.

Computer facility

The Council unanimously authorised the
Director-General to conclude a one-year
extension to mid-2014 for IBM's service
contract for the high-performance comput-
ing facility (HPCF), based on the current
money stream. The extension will give
ECMWEF a scientifically valuable increase in
compute resources in mid-2012. This will
enable ECMWEF to make faster progress in
addressing the scalability issues within the
ECMWEF data assimilation system. It
represents the same good value for money
as achieved in the initial procurement.
Four-year programme of activities

The Council unanimously adopted a four-
year programme of activities for the years
2011-2014.

APPENDICES

Member State  Attendees

Austria Michael Staudinger
Henri Malcorps
Belgi
egum An Neukermans
Denmark PeFer Aakjaer
Leif Laursen
Finland Juhani Damski
Mikko Alestalo
Francois Jacq
F
rance Alain Ratier
F B
Germany ranz erger .
Detlev Fromming
Loukas Asimakis
Greece : .
Theagenis Charantonis
Ireland Liam Campbell
Mario Ali
Costante de Simone
[taly

Federico Cinquepalmi
Sergio Pasquini

The Netherlands Frits Brouwer

Jens Sunde
Norway Dystein Hov
Roar Skalin
Portugal Adérito Vicente Serrao
Spain Ricardo Garcia-Herrera
Lena Hall Eriksson
Sweden
lImar Karro
Daniel Keuerleber-Burk
Switzerland Alex Rubli
Peter Binder
Ali Karatas
Turkey Fatih Blyukkasabbasi
John Hirst

United Kingdom Alan Dickinson
Mark Hodkinson

Co-operating State

Estonia Aarne Mannik
Hungary lldiko Dobi Wantuch
Theodor Hervarsson
Iceland Halldor Petursson
Arni Snorasson
Slovenia Klemen Bergant
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Policy Advisory Committee (PAC)
The PAC provides the Council with
opinions and recommendations on any
matters concerning ECMWEF policy
submitted to it by the Council, especially
those arising out of the Centre's four-year
programme of activities and long-term

strategy.

Chair:

Alain Ratier (France)
Vice-Chair:

Petteri Taalas (Finland)

The 29th and 30th sessions of the PAC took
place on 28-29 April and 18-19 October

2010.

Member State

Attendees

Finance Committee (FC)

The FC provides the Council with opinions
and recommendations on all financial and
administrative matters submitted to the
Council and exercises the financial powers
delegated to it by the Council.

Chair:

Monika Kohler (Austria)
Vice-Chair:

Sergio Pasquini (Italy)

The 84th, 85th, 86th and 87th sessions of the
FC took place on 27-28 April, 14-15 July,
16-17 September and 11-13 October 2010.

Member State Attendees

Scientific Advisory Committee (SAC)
The SAC provides the Council with opinions
and recommendations on the draft
programme of activities of the Centre drawn
up by the Director-General and on any other
matters submitted to it by the Council. SAC
members are appointed in their personal
capacity and are selected from among the
scientists of the Member States.

Chair:

Heikki Jarvinen
Vice-Chair:
Frangois Bouttier

The 39t session of the SAC took place on
4-6 October 2010.

Attendees

Austria Michael Staudinger Finland Marko Viljanen
Finland Mikko Alestalo (also representing Denmark, Ireland, Norway
France Alain Ratier and Sweden)
Germany Franz Berger France Véronique Martin
Detlev Fromming Germany Detlev Fromming
Greece Aglaia Vrachnou Leander Jamin
Italy Massimo Capaldo Italy Sergio Pasquini
Costante de Simone Antonio Bartolini
The Netherlands Piet de Wildt The Netherlands Piet de Wildt
Spain Manuel Palomares Jupp de Bel

José Luis Camacho

(also representing Austria, Belgium, Luxembourg

Sweden lImar Karro and Switzerland)
Switzerland Alex Rubli Portugal Paulo Sousa
United Kingdom Mike Gray Ana Raquel Ribeiro

Mark Hodkinson

(also representing Spain, Greece and Turkey)

United Kingdom Paul Mundy
Mark Hodkinson
Nicholas Jobling

Melissa Welsh
Observers
Austria Monika Kohler
Belgium Alain Heynen
Spain Manuel Palomares
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Jan Barkmeijer

Francois Bouttier

John Eyre

Heikki Jarvinen

Piero Lionello

Ernesto Rodriguez-Camino
Julia Slingo

Michael Tjernstrém
Robert Vautard
Observers

Dieter Klaes (EUMETSAT)
Chassem Asrar (WMO)




Technical Advisory Committee (TAC)
The TAC provides the Council with advice
on the technical and operational aspects of
the Centre, including the communications
network, computer system, operational
activities directly affecting Member States,
and technical aspects of the four-year
programme of activities.

Chair:
Alan Dickinson (UK)
Vice-Chair:

Bernard Strauss (France)

The 42nd session of the TAC took place on

6-8 October 2010.

Advisory Committee for Data Policy
(ACDP)

The ACDP provides the Council with
opinions and recommendations on matters
concerning ECMWF Data Policy and its
implementation.

Chair:

Colin Cuthbert (UK)
Vice-Chair:

Klaus Haderlein (Germany)

”

The 11t session of the ACDP took place on
3-4 June 2010.

APPENDICES

Advisory Committee of Co-operating
States (ACCS)

The ACCS provides the Council with
opinions and recommendations on the
Centre's programme of activities, and on
any matter submitted to it by the Council.

Chair:

Ivan Caci¢ (Croatia)
Vice-Chair:

Laszl6 Bozd (Hungary)

The 16t session of the ACCS took place on
14 October 2010.

Member State Attendees Member State Attendees Co-operating State  Attendees
Austria Georg Kaindl Austria Monika Kohler Bulgaria Georgi Kortchev
Belgium Daniel Gellens Denmark Saren E. Olufsen Croatia Ivan Caci¢
Denmark Carsten Simonsen Finland Lea Leskinen Cedo Brankovi¢
Finland Juhani Damski France Philippe Santoni Estonia Aarne Mannik
Kimmo Aaltonen Germany Klaus Haderlein Hungary Laszlé Bozd
France Bernard Strauss Greece Aglaia Vrachnou Serbia Milan Daci¢
Matteo Dell'Acqua Ireland Joseph Bourke Slovakia Martin Benko
Germany Dieter Schroder Italy Paolo Capizzi Slovenia Jozef Roskar
Greece Emmanuel Lekkas Norway Lillian Svendsen Observer
Ireland Paul Halton Spain Francisco Pascual Israel Henia Berkovich
Italy Massimo Ferri Sweden Marcus Flarup
The Netherlands Toon Moene Turkey Enver Erbas
Norway Jens Sunde Co-operating State
Roar Skalin Latvia Inita Stikute
Spain Eduardo Monreal Slovakia Vladimir Pastircak
Sweden Michael Hansson
Hakan Borg
Switzerland Stefan Sandmeier
Eugen Mdiller

United Kingdom

Co-operating State

Alan Dickinson
Alan Radford
Nick Grahame

Croatia

Cedo Brankovi¢

Czech Republic

Alena Trojakova

Hungary Istvan lhasz
Iceland Halldor Bjornsson
Slovakia Jozef Vivoda
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Externally funded projects and services

j i ioti Funding Dates ECMWE
Project Acronym Project Description ECMWEF role
Agency From To Budget (€)
ADM/AEOLUS Development and production of aeolus wind data products ESA Subcontractor  01/10/04 30/06/12 1,220,511
AMV study Using model-simulations to improve AMV characterisation EUMETSAT  Contractor 01/11/10  20/02/12 129,961
ARM Model validation studies US DOE Contractor 01/08/10 31/07/13  $530,015
BOSS4GMES Building Operational Sustainable Services for GMES EC Contractor 01/12/06 31/01/10 149,997
CMUG Climate Modelling User Group ESA Subcontractor  06/04/10 05/04/13 384,244
Combine Comprehensive Modelling of the Earth system for better climate EC Contractor 01/05/09 30/04/13 296,200
prediction and projection
DEISA2 Distributed European infrastructure for supercomputing applications 2 EC Contractor 01/05/08 30/04/11 480,000
Improved Drought Early Warning and FORecasting to strengthen -
Dewfora preparedness and adaptation to droughts in Africa EC Beneficiary 01/01/11 31/12/13 255,420
EC-EARTH EC-Earth support at ECMWF KNMI Contractor 01/12/10  30/11/11 105,000
EFAS Transfer of EFAS to operational service JRC Contractor 01/11/10  31/10/11 274,997
ENVISAT Il Technical support for global validation of ENVISAT data products ESA Contractor 01/08/08 31/12/10 689,325
EPS IASI Support of ECMWF to EPS/IASI phase 5 EUMETSAT  Contractor 01/01/10 31/12/11  £273,758
ERA ERA NCAS/NERC  Subcontractor  01/09/07 31/08/11 221,090
ERS validation Il Technical support for global validation of wind and wave products (ERS Il) ESA Contractor 01/07/08 30/06/10  £239,997
EUCOS Space-terrestrial Observation System Experiments 2010-2011 DWD Contractor 18/06/10 31/08/11 123,800
EUMETSAT fellowships  Fellowships EUMETSAT  Contractor Ongoing 190,000/yr
Geoland2 Towards an operational GMES Land Monitoring Core Service EC Contractor 01/09/08 31/08/12 485,119
. A collaborative project aimed at pre-validation of a -
Glowasis GMES Global Water Scarcity Information System EC Beneficiary 01/01/11  31/12/12 272,368
) The continuous development and operations phase of a
GRAS-SAF EUMETSAT Satellite Application Faciity on GRAS meteorology EUMETSAT  Subcontractor  01/03/07 29/02/12 610,000
H-SAF Satellite Application Facility on support to operational hydrology and EUMETSAT  Subcontractor  01/09/05 31/08/10 220,000
water management
KultuRisk Knowledge-based approach to develop a cULTUre of Risk prevention EC Beneficiary 01/01/11 31/12/13 167,610
MACC Monitoring Atmospheric Composition and Climate EC Coordinator ~ 01/06/09 31/10/11 3,642,898
met.no consultant Secondment of 1 consultant to ECMWF met.no Contractor 06/09/10 05/09/12 216,000
Development and pre-operational validation of upgraded -
MyOcean GMES Marine Core Services and capabilities EC Beneficiary 01/01/09 31/03/12 65,000
NWP SAF CDOP Development and Implementation of certain activities within a EUMETSAT  Subcontractor  01/03/07 28/02/12 988 510
EUMETSAT Satellite Application Facility on numerical weather prediction '
Study on the Impact of fututre developments of the
NWP study space-based observing system on Numerical Weather Prediction EUMETSAT - Contractor 01/08/09 31/08/10 119410
OoDB Maintenance and support of the Observations Database Software IL\J/\EtOffice Contractor 01/06/10 31/05/12 200,000
Post EPS Refinement of spectral and radiometric requirements for a EUMETSAT ~ Contractor  01/07/09 31/12/10 149,979
Post-EPS Microwave imaging mission
Quantitative Assessment of the Operational Value of Space-Borne Radar
QuARL and Lidar Measurements of Cloud and Aerosol Profiles ESA Contractor 01/09/08 30/08/10 499,373
OWeCi ggizgf‘)élsng Weather and Climate Impacts on Health in Developing EC Beneficiary 01/02/10 31/07/13 £249 480
Multi-scale data assimilation, advanced wind modeling and
SAFEWIND forecasting with emphasis to extreme weather situations for a EC Beneficiary 01/09/08 31/07/12  £416,000
secure large-scale wind power integration
Study methods and techniques to best assimilate SMOS data into
SMOS DA ECMWF's operational numerical weather forecasting system ESA Contractor 01/10/10 31/01/13 279,088
THOR Thermohaline Overturning - at Risk? EC Beneficiary 01/12/08 30/11/12 392,000
VALOR Value of the Rapid array for climate prediction NERC Subcontractor  01/04/09 31/12/11  £136,300
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