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PREFACE

The productionand primary validation phaseof the ERA-40 projectis beingfundedfor a three-year
periodfrom 1 April 2000 by the EuropeanUnion underits Fifth FrameworkProgrammen Energy,
Environmeni@andSustainabl®evelopmentthroughcontracte VK2-CT-1999-00027This ProjectPlan
is basectloselyonthetechnicalannexof thecontractwhichfollows aform prescribedy the European
Commissionlt waseditedby Adrian SimmonsandRexGibsonof ECMWF, usinginputfrom otherstaff
of ECMWF andfrom the partnersn the project.In the planningphasehepartnersvererepresentetly
Klaus Arpe of the Max-Planck-Institutfiir Meteorologie,Tony Slingo of the MeteorologicalOffice,
PascalSimonof Météo-FranceGerbrandKomenof Koninklijk NederlandsMeteorologischinstituut,
Roy JenneandKevin Trenberthof the National Centerfor AtmosphericResearchandBrian Hoskins
and Julia Slingo of the University of Reading.ECMWF contrilbutors included Tony Hollingsworth,
SakariUppala,PerKallberg andKeith Edwards.Rex GibsonwasProjectManagerfor the preparatory
phaseof ERA-40 until his retirementfrom ECMWF at the end of August1999. SakariUppalais the
current ERA-40 Project Manager
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1. SUMMARY

ERA-40 will usea variational dataassimilationsystemto make a hew synthesisof the in-situ and
remotely-sensetheasurementsadeover the periodsincemid-1957 whena majorimprovementwas
madeto the atmospheriobservingsystemin preparatiorfor the InternationalGeoplysical Year 1958.
ERA-40 will produceanalyseswith six hourly frequencythroughoutthe period, supplementedy
intermediatehree-hourforecastsThe productswill be of high temporalandspatialresolution,with a
grid-spacingcloseto 125kmin the horizontalandwith sixty levelsin the vertical locatedbetweerthe
surfaceanda heightof about65km. The basicanalysedrariableswill includenotonly theconventional
meteorologicaWind, temperatureandhumidity fields, but alsostratospheriozoneandocean-wavend
soil conditions Additionalinformationwill be producedconcerninghequality of boththeobservations
usedandthe analyseggeneratedA sophisticatedarchival/retrievalsystemwill be usedto storethe
resultsandmakethemwidely available.Compactsub-setof the datawill be generatedo reducedata
retrievalcosts Extensivedocumentatiowvill enablecustomerandusersof theresultsto gainmaximum
benefit.

ERA-40will adoptinnovativeanalysigechniquesespeciallywith respecto satellitedata,andwill use
new types of observationand improved specificationsof sea-surfacetemperaturesand sea-ice
distributions.It will build on experiencegainedearlierin carryingout re-analysisn Europeandthe
USA, andwill deliverproductghatareuniquein theircombinatiorof time-rangeyerticalextentvariety
and accuracy.

Foroverlapperiodsof atleastoneyear,ERA-40will produceanalysesvith andwithouteachsignificant
additionto the observingsystem.This will enableassessmerndquantificationof theimpactof these
enhancementsndin particularwill documenthe benefitof the developmenof the satelliteobserving
systemoverthe pastthreedecadesThe availability of ERA-40 analysewill alsorevitalizethe useof

datafrom pastfield experimentsn theimprovemenbf climateandweatherforecastingnodels ERA-

40 productswill beenhancedby shortperiodsof higherresolutionglobalassimilation.Thiswill enable
betterexploitationof theobservationaflatafrom experimentsuchasGATE (1974),ALPEX (1982)and
TOGA-COARE (1992-93).

Validationanddemonstratiostudiesform animportantcomponentf ERA-40.A majoraim of theseis

to providecheckson the quality of the analysedy comparisorwith independentmeasurementd.his

will bedoneeitherby directverificationof analysedr simply-derivedvalues or by verifying theoutput
of different types of model that have beenforced by the analysedvalues,for examplean ocean
circulation model and a snow model. This verification will be complementedby a selection of

diagnostic,processand climatological studiesbasedon the analyseswhich will not only provide
examplego the generaluserof the waysin which the datacanbe applied,but also provide specific
contributionstowardsmeetingsomeof the broadertargetsof the EuropeanJnion’s Fifth Framework
Work Programmen Energy, Environmentand SustainableDevelopment.The studieswill focuson

trendsin the observingsystem,the hydrologicalcycle, clear-skyradiation, Alpine snow simulation,
upper-tropospheriandstratospheriozoneandwatervapour,oceanwaves,global mass heat,energy
and moisture budgets, and diagnosis of atmospheric circulation systems.

TheERA-40analysewill, howeverhaveawiderapplicabilitythancanbeexploredin thestudieso be
carriedout underthis project,andthey will be usedby a numberof other projectsunderthe Work
Programme, ensuring effective application across a range of studies.
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Theneedfor aprojectwith theobjectivesof ERA-40wasrecognisedby the Euroclivarconcertedaction
fundedunderthe FourthFrameworkWork ProgrammeEuroclivar“strongly recommendethata new
40-yearre-analysife madein Europein the nextfive years”(BengtssorandKomen,1997; Anderson
etal.,1998).ERA-40is thusexpectedo makea significantcontributionto thoseobjectivesof the Fifth
FrameworkWork Programmethat match the objectivesof the CLIVAR componentof the World
Climate ResearchProgramme either directly or by providing datain supportof projectssuchas
DEMETER,which will explorethe potentialfor seasonaprediction,and PROMISE, which will make
extensiveuseof ERA-40analysedor validatingclimateandseasongbredictionmodelsandfor driving
crop modelsfor impactstudies Otherresearchareaswith strongpotentialfor applicationof the ERA-
40 analyses include ozone depletion and other aspects of atmospheric chemistry

The partnershipcarrying out the projectcompriseshe EuropeanCentrefor Medium-RangeéNeather
Forecasts(ECMWEF), the national weather services of France (Météo-France),the Netherlands
(Koninklijk Nederlanddeteorologischnstituut, KNMI) andthe United Kingdom (the Meteorological
Office, UKMO), meteorological research institutes from Germany (Max-Planck-Institut fur
Meteorologie,MPIfM) and the USA (National Centerfor AtmosphericResearchNCAR), and the
MeteorologyDepartmenbf theUniversityof ReadingUK (UREADMY). ECMWFhasmadeextensive
preparationgor ERA-40,andwill bethe producerof the analysesaandco-ordinatorof the project. The
otherpartnerdhavebeenactivein the planningandthepreliminarystudiesor theproject,andwill carry
out the bulk of the validation,diagnosticand exploitationstudies NCAR hasalsoplayedan essential
réle in supplying ECMWF with observational data not previously held in the ECMWF archives.

Support for ERA-40 has been committed by a number of bodies in addition to the European Union:

« The partnersin this project have supportedthe acquisition and preparationof the
necessarpbsenations,thetrial productionandvalidationof analysesthe assessmeruf
user requirements and the general planning of the project.

* Institutions in China (IAP), Japan(JMA) and the USA (PCMDI) are funding the
secondment of stbfo work on the project.

» Several other institutions lva pravided specific holdings of past obsatienal data.
» Fujitsu Ltd is preiding substantial computing support for the project.

« EUMETSAT hascommittedto re-deriving winds from Meteosat-dmagesfor the period
1981-1988.

« TheWorld Climate ResearchProgrammeandthe Global Climate ObservingSystemare
providing fundsin supportof an ExternalAdvisory Groupfor the project. The Grouphas
alreadymettwice, in Januaryl998andMarch 1999,to aid in the planningof the project,
including the assessment of user requirements.

Thecapacityof the partnersaandthesesupportingnstitutionsto provideongoingmanpoweisupportfor

ERA-40is limited. In particular,it is insufficientto meetthe challengingobjectiveof producingthere-
analysest a ratefast enoughto satisfythe demandfor ERA-40 productsboth from Fifth Framework
researchprojects and from the wider scientific community. Re-analysisprojects must proceedat
sufficientspeedor themnotto becontinuallyovertakerby developments data-assimilatiotechnique

and large-scalecomputing. Accordingly, the funding from the EU under the Fifth Framework
Programmaevill beusedo enablehebasicproductionof there-analyseto becompletedwvithin aperiod

of about two years, and to enable the necessary validation and demonstration studies to be undertaken.
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The preparatorywork for the projectis now largely complete,enablingproductionof the ERA-40
analyseso commenceloseto the startof the EU-fundedphaseof the project,designatednonth0. The
subsequent principal milestones and direct results of the project are:

Production rate rising to twanalysed years per month by month 11.

Analysedfor 1987-1998&nd1957-196&ompletedmonitoredandarchivedby month14.
Interim validation and eploitation reports in month 17.

Mid-project workshop to present project and interim results to users.

Complete arclvie of analyses for 1957-2001 by month 31.

Affordable data dissemination service by month 35.

Full delivery of climate and statistical data by month 35.

Final validation, eploitation and project reports in month 35.

2. SCIENTIFIC/TECHNICAL OBJECTIVES AND INNO VATION

2.1 Objectives
The primary objectives of ERA-40 are to:

Produceandpromoteuseof a comprehense setof globalanalyseslescribinghe stateof
the atmosphere and land and oceaerconditions from mid-1957 to 2001.

Foster Europeanand internationalresearchby making the obsenational archive, the
analyses and the study reports widelgikable.

Enabling or secondary objectives are to:

Create, maintain, and refine an archive of global meteorologicaland ocean-vave
obsenations, both in-situ and remotely-sensedy satellite, to support re-analysis,
forecast-model deelopment, and climatological studies.

Performvalidation, diagnosticand exploitation studiesto demonstrateéhe quality and
applicability of the global analyses.

Generatendmale availablestatisticalinformation(the “feedbackstatistics”)concerning
the differencedetweernobsened values,analysisvaluesandforecastvaluesfrom which
both analysis quality and obsatiwnal quality may be diagnosed.

Indicatethe benefitof the majorchangesnadeto the observingsystemover the pastforty
years.

The specific tasks of ERA-40 include:

acquisition,quality control, and generatiorof archives of obsenationsfor the period of
the analysis;

compilation of an extensive archive of metadataconcerningthe performanceof each
obsenation xamined with respect to the data assimilation system;

diagnosisof the archive of metadatdo determinethe impactof changesn the observing
system wer the period;
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« documentation,in particular of the impact of the introduction and subsequent
enhancements of the satellite observing systen the past three decades;

« computationandarchial of monthly, seasonahndclimatologicalmeansyariancesand
co-variances from the analysis products, including a climatology of ocazsw

 validationof theanalysisproductswith respecto hydrology, enepgy fluxes,oceanwaves,
clearair radiation,stratospheri@zoneandwatervapour generalcirculationdiagnostics
and medium-range weather forecasts;

» creationof anarchie of productswvhichwill promoteresearchnto mary areasjncluding
the derelopment of seasonal weather prediction and climate change studies;

* maintenancandrefinementof datadelivery and information disseminatiorservicesto
ensure the widest possibleadlability of the results of the re-analysis.

Targetdatesfor milestonesanddeliverableghatindicatethe progressof ERA-40 areprovidedwithin

this documentCreationof anarchiveof observationandproductionof comprehensiveetsof global
analyseaindfeedbaclstatisticsaareobjectiveswvhich by theirvery naturearemeasurabl@ termsof data
volumesgeneratednddatesof generaldataavailability. The validationreportsto be producedoy the
projectwill provideverification of the quality of the analysesand observationsFurtherquantification
of the succes®f the projectwill be providedby the statisticsof requestdor ERA-40 datafrom other
EC-funded projects and from European and international researchers in general.

2.2 Data Assimilation

Atmospheriadataassimilationcomprisesa sequencef analysisstepsn which backgroundnformation
is combinedwith observationso producean estimateof the stateof the atmospheré¢the “analysis”) at
a particulartime. The setof observationsypically compriseseveraltypesof measuremengachwith
its own accuracyanddistribution. The analysisis neverthelessompletein termsof the meteorological
variablesand domainof interest,to within a chosenspatialresolution.The backgroundnformation
essentiato producethe completerepresentatiomomesfrom a short-rangdorecastinitiated from the
most-recenprecedinganalysisn thesequencel heobservationandbackgroundorecasarecombined
usingestimatef the statisticsof their errors.In variationalassimilationthis combinationis achieved
by minimizing the sumof statistically-weightedneasuresf the deviationsof analysedraluesfrom the
observedindbackgroundralues.Thebackgroundorecastarriesforwardin time theinformationfrom
the observations used in earlier assimilation cycles.

Data assimilationis usedroutinely to provide the initial conditionsfor operationalweatherforecast
models.The resultingsequencef initial statesprovidesasa by-producta comprehensivepatialand
temporalrecordof the stateof the atmospherelt is basedon a synthesisf the availableobservations
anddependamplicitly on the dynamicsandphysicsrepresentedh the numericalmodelusedfor the
backgroundforecast.The degreeof dependencen the model varies with the density and relative
accuracyof theobservationgtheerrorstatistics) andin generadiffersfrom placeto placeandfrom one
variable to another (from wind to humidity, for example).

The global analysesproduced specifically for the Global Weather Experiment (GWE) in 1979
(Bengtssoret al., 1982) were utilized widely for researchstudiesas reviewedin WMO (1985) and
ECMWEF (1985).Globaloperationaforecastingsystem$ecameestablishe@taboutthesameime,and
given the limitations of the one-yearsamplingperiod of the GWE, the operationalanalysesapidly
becamea mainstayof atmospheriaesearchThey were used,inter alia, for studiesof atmospheric
processesuchascyclogenesige.g. Bosartet al., 1992) and stratosphere-tropospheegchangde.g.
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PriceandVaughan1993),to aid theinterpretatiorof satelliteor otherobservationatiatanotusedn the
assimilatione.g.AppenzellemandDavies,1992)to producediagnostic®f thegenerakirculationof the
atmospherge.g. Hoskins et al., 1989) or as a “truth” againstwhich the performanceof climate-
simulation models could be judged (e.g. Mote et al., 1994).

Use of the operationalproductswas not without its problems,however.Deficienciesin the analysis
methodor assimilatingmodel could introducesignificant biasesin the resultinganalysesand could

invalidatethe conclusiongdrawnfrom them.Many of thesedeficiencieshavebeenremediedoverthe
courseof thepasttwo decadedhutthis hasitself introducedong-termtrendsin the operationahnalysis
products.This hasinhibitedthe useof theseproductsin the studyof low-frequencyclimatic variability

andclimatechangeTheseproblemswverecompoundedby difficulties experiencedby manyusersof the

analysesn knowing quite what was changedandwhen,what the impactwas,andwhat alsowasthe

impact of changes in the observing system over the period of study.

2.3 Re-analysis as an immvement on operational data analyses

The aboveconcernded Bengtssorand Shukla(1988)and Trenberthand Olson (1988)to proposere-
analysisof therecordof pastatmospheriobservationsisingfixed, up-to-datedataassimilatiorsystems.
Their proposals met with positive responses, and led to three major re-analysis projects:

» A fifteen-yearanalysisstartingfrom 1979,ERA-15, producedoy ECMWF (Gibsonetal.,
1997);

» A fifty-year analysisfrom 1948 producedby the National Centersfor Environmental
Prediction (NCEP), USA, in collaboration with NCAR (Kalnay et al., 1996);

« A fifteen-yearanalysisfrom March 1980 producedby the Data Assimilation Office
(DAOQ) of the NationalAeronauticaandSpaceAdministration(NASA), USA (Schuberet
al., 1995).

Thoughlargely successfulseveralquite significantproblemshavebeendetectedn thesere-analyses.
For example, among the deficiencies identified in the ECMWF analyses (Kéllberg, 1997) are:

« Generallytoo-cold surfacetemperaturesn winter, and too-cold spring temperaturesn
boreal forests;

» Grossly erroneous Antarctic orograph

* Unrepresentate use of data from island stationsinfluencing surface exchangesand
precipitation;

e Severe drying of the western Amazonian land acefin the first half of the period;

e Shifts in temperatureand humidity analysesin responseto changesin satellite
instruments.

2.4 ERA-40: a new e-analysis

ERA-40 will be a new Europeanre-analysiswhich will improve considerablyupon the earlier re-
analyseslt will produceand disseminateanalyseswith higher horizontal resolution,a much more
extensiveand accuratedescriptionof the stratosphereandfiner resolutionof the planetaryboundary
layer. It will provideawider rangeof analysedields, mostnotablyozonefields andocean-wavdields
from a coupled wave model. It will use an advancedbut operationally-testedvariational data
assimilationsystemwith arefinednumericalmodel.This systemdoesnot exhibit, or exhibitsto amuch
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lower degreethe problemsexperiencedn ERA-15. ERA-40will provideanimportantsecondsource
of re-analysis data for the period 1957-1978 previously covered only by the NCEP/NCAR re-analysis.

ERA-40will beinnovativein its useof satellitedata(Tablel). Theradiancedatafrom the HIRS/MSU/
SSuU instrumentsavailablesince 1979 will be assimilatedin raw rather than processedorm, thus
avoiding trendsand variability due to the changesintroducedin the processingover the pasttwo
decadesTheearlierVTPR andrecentAMSU datawill alsobe assimilatedn raw-radiancdorm. The
fifteen-yearECMWF analysisprovidedevidenceof a significantimprovemenin the quality of cloud-
wind productsfrom geostationargatellitesthroughouthe 1980s(Uppala,1997);ERA-40will benefit
from useof reprocessedindsfrom atleastthe Meteosat-Zatellite ERA-40will alsobenovelin its use
for re-analysiof scatterometewinds,SSMIradiancegvia alocalretrievalof columnwatervapourand
surface wind), ozone products and HIRS ozone-channel radiances.

Table 1: Satellite Data 6r ERA-40

Satellite and/or Instrument Period Type of Data
NOAA VTPR 1972 - 1978 Radiances
NIMBUS-7 TOMS 1978 - 1993 Ozone products
Meteosat, GOES and GMS | 1979 - Cloud-wind products
NOASAS'?J\//SSS//IQ:\ZQSS(JMSU/ 1979 - Radiances; SST and ozone products
SMMR 1979 - 1987 Sea-ice products
SSM/I 1987 - Radiances; sea-ice products
ERS Scatterometer and Altimetet991 - Backscatter measurements amavevheight data

ERA-40will usenewexternally-producednalyse®of sea-surfacéeemperatur¢SST)from the UKMO
(pre-1981)andNCEP(post-1981)It will alsoadoptsea-icedistributionsagreedexternallyby aWCRP-
sponsoredvorking group comprisingrepresentativesf UKMO, NCEP andthe ACSYS community.
UKMO and NCEP have ensured their SST analyses are consistent in the sea-ice margins.

2.5 \Validation studies br ERA-40

Innovationin the validation and demonstratiorstudieswill come from the applicationof standard
methodof diagnosido aninnovativesetof analysesfrom thevalidationof theanalysesn comparison
with newtypesof independentlata,andfrom novel applicationsusingindependenimodelsdriven by
the analyses. Studies of the long-term characteristics of the analyses will include:

« Calculationandverificationof implied river dischagesandchangesn thelevel of inland
seas;

» Verificationof snov depthclimatologiesproduceddirectly from the analysesaandfrom a
snaov-model drven by the analyses;

« Verification of the performanceof an ocean-circulatiormodel driven by the ERA-40
surface flues;

+ Assessment of trends amxtreme &ents in the oceanawe fields.
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Validation of the analysedor lateryearswill includecomparisorof analyseduppertropospheriand
stratospheriozoneandwater-vapoufields with EU-fundedMOZAIC aircraftdataandUARS satellite
data,comparisorof precipitationfields with TRMM satellitedataand comparisorof radiationfields

with CERESsatellitedata.Extensivecomparisonsvill alsobemadewith manyof thefield-experiment
datasetsover the period. Data from the EU-funded CLAUS project will be usedto validate the
characteristicof tropical convectionin the analysesand diagnosticmethodsdevelopedunder EU

funding of the SHIVA and STOEC projectswill alsobe applied.The medium-rangdorecastso be
producedegularlyoverthere-analysigperiodwill provideanewsourceof informationfor the studyof

atmospheric predictability.

The validation studieswill help to guardagainstthe risk of major errorsin the ERA-40 production
system.Theywill alsoguardagainsttherisk of misleadingend-resultdy informing potentialusersof
the limitations of analysis accuracy and applicability.

3. PROJECT WORKPLAN

3.1 Introduction

Work onthe preparatoryphasefor ERA-40 hasbeencarriedout over morethantwo years,andwill be
largely completedoy the startof the EU-fundedphaseof the project,designatedo be the beginningof
month 0. This preliminary work is delivering the archive of observations,the pre-production
experimentatiomecessaryo specifythe productionassimilationsystemthe monitoringtools andthe
production system software. Appendix A contains details of this work.

The major componentsof the workplan are co-ordination, preparation, production, validation/
exploitation,datadisseminatioranddocumentationECMWF will co-ordinatethe projectandprovide
muchof theresourcemeededor production,which will runfor 24 hoursperday andsevendaysper
week. It is vital that thereis close liaison betweenall of the partnersto ensureboth a balanced
contributionto the production,and efficiency and lack of overlapin the validation and exploitation
studies. The managemenframework for the project has already been establishedand is closely
modelledon principleswhich led to the successfutompletionof ERA-15. The WCRP-and GCOS-
fundedExternal Advisory Group hasmettwice, andhasassistedhe partnersin planningthe project.
Productionhasbeensplit into sub-periodsandwill berunin two parallelstreamsAccounthasbeen
taken of the plannedre-computationof satellite cloud wind data, externalto the project, to allow
maximum time for these improved data to become available within the production schedule.

Thevalidationteamdistributedthroughouthe partnershiill monitorthequality of theresultsasthey
areproducedFrequenfeedbackof informationfrom theseteamswill enablea closewatchto be kept
on quality, andindicatethe needfor remedialactionwhenproblemsareencounteredvalidatedresults
will becomeavailableto generalusersas soon as eachyear of productionhas beenfound to be
satisfactory.

Theprimarydeliverableof ERA-40will betheanalysisgproducts.Thesencludeboththefields of basic
analysedvariablesand derived productswhich have beenidentified as meetingspecific userneeds,
basedothonoperationabxperienceandon theviewsof the ExternalAdvisory Groupandthepartners
in the project. Other major deliverableswill be the feedbackstatisticsand the final, integrated
documentatiomf the productionandof the validationandexploitationstudies The documentationwill

ERA-40 Project Report Series No.1 11



The ERA-40 Project Plan c

be freely availablein printedform andon the World Wide Web; it will be of particularimportancen
enabling informed use to be made of the products and in stimulating new studies.

The amountof archivedERA-40 datawill be very large. Europeanmeteorologicainstitutionswith
accesdo thearchival/retrievabystemof ECMWF will beableto retrievedatadirectly at no additional
cost. A dataservicewill satisfy generalrequestsrom other customersput customerscould incur
substantiatiata-retrievatosts Affordablespecialisediatasetsvill beidentifiedandmadeavailablefor
no morethanmediacosts.Individual nationalarrangementmay alsobe madefor datasupply,asfor
ERA-15.

Theplansandpreparation$or ERA-40werepresentedo thewider scientificcommunityatthe Second
InternationalConferenceon Re-analysefeldin August1999.A workshopwill be held mid-projectto

reporton productionprogressto assesvalidationprogressandto introducepotentialcustomergo the

emergingproductsdataset.Projectpartnerswill participatein otherexternalinternationalmeetingsto

report on progress and validation, and to publicise the products.

3.2 Project organization

Thepreparatiorphaseof the projectrequiredthelocation,collection,acquisitionandorganizatiorof as
full asetof globalmeteorologicabbservationgspossiblefor the period1957to the presentECMWF
hadto extendits existingarchivebackwardsn time andaugmenthe archivewith additionaldatafor
recentyears.NCAR has,for manyyears,undertakeran extensiveprogrammeof datacollectionand
rehabilitation. The resultsof this work have beenmadeavailableto the projectfor exploitation.In
addition, ECMWF hasacquiredthe latestversionof the Comprehensiv®©ceanAtmosphereData Set
(COADS), which containsweathemreportsfrom voluntary observingshipstakenfrom log books,and
which considerablyaugmentshearchiveof reportsreceivedn realtime. Its archiveof satellitedatahas
beenaugmentedy the acquisition(from NCAR, NASA andLMD) of setsof raw-radiancedataand
satellite-baseazoneproductsspanningthe last threedecadesContacthasalso beenmadewith the
producersf satellitecloudmotionandwatervapourwinds. Thesecomponentsf theobservingsystem
haveimprovedsignificantlyin quality overtheyears,andthe producerdavebeenactivelyencouraged
to re-computehe early valuesfrom the datawithin their archives Apart from thesemproveddata,the
acquisitionof the observationatlatais now complete Work to generatémprovedsetsof sea-surface
temperatureandsea-icedistributiondata,constructedn sucha mannerthatthe dataare consistentn
the sea-ice margins, has also been stimulated.

The secondstageof preparatiorhasbeenthe organizatiorof a seriesof dataassimilationexperiments
to checkthe variouscomponentof the proposedproductionsystem,particularly to ensurethat the

systemis capableof performingwell throughall stagesand statesof the observingsystem.Giventhe

innovativenatureof manyaspect®f the proposedsystemandthe extensiveeffort neededo producea

re-analysiof morethanforty years,it is essentiathatthis experimentatiobe carriedoutin athorough
mannerandthatthe eventualbproductionsystembe thoroughlydependableandaccurateECMWF and

otherinterestecpartieshaveinvestedheavilyin this programmeof experimentatiomwhich hasalready
acceleratedhe testing of modified componentsthat are directly benefiting operationalnumerical

weather prediction and seasonal forecasting as well as the new re-analysis.

The work which is the subjectof this Project Workplan comprisesthe re-analysisproduction,the
productionmonitoring, an extensiveprogrammeof validation and exploitation,the settingup of the
dissemination facilities and the provision of extensive documentation.
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Productiorwill beorganisedn two streamsStreaml will startwith 1987andruncontinuouslythrough
to the endof 2001, while stream2 will run from 1957 onwards.Streaml will, initially, be giventhe
higherpriority. It will aim to deliverresultswhich canbe exploitedby seasonatorecastingandother
projectsat an early stage It will alsoprovide muchvaluableinformationconcerningthe satellitedata
component®f themodernobservingsystem Thequantitiesof observationatiatarequiredfor streaml
aremuchlargerthanthoseinvolvedin stream2, becausef the morerecentdevelopmentin satellite
observationsStrean? will allow time for there-processedatellitewinds (for the period1981to 1988)
to become available.

During productionthere-analysigesultswill bemadeavailableimmediatelyto thevalidationpartners.
An extensivemonitoring programmeyun as part of the productionsuite,will provide quality-control
information,detectanymajorerrors,andprovidefeedbacko the productionconcerninghiascorrection
and poor-quality observationavhich needto be excludedfrom future production.This information,
togethewith informationprovidedto ECMWF by thevalidationpartnerswill enablecorrectionandre-

running of periodsfound to be seriouslyin error, and help generallyto maintainthe quality of the

analyses.

Priority will be given to completingthe production as quickly as possible.The processof data
assimilatioris designedo generatehebestpossibleanalyse$rom setsof heterogeneougata. Analyses
of high quality andconsistencganbe producedrovidedtherearesufficienthigh-qualityobservations.
However the observingsystemunderwenmanymajorchangeshroughouthe periodof ERA-40,and
full useof there-analysisesultswill requireanunderstandingf theeffectof thesechangesTheimpact
of the introduction of eachmajor new observingsub-systemwill be assessedby running overlap
analysedor oneyearwith andwithout the newdata.Candidatesub-systemiclude TOVS data,wind
products from geostationary satellites, ERS scatterometer data and SSM/I data.

Thevalidationandexploitationcomponentvill provideguidanceo the productionandgeneratedded-
valueproductslits mainaimis, however to furnish potentialusersof the re-analysesvith information
andadvice,particularly concerningthe relative accuracyof the variousconstituentf the archivein

variouscircumstanceProvisionalinformationandresultswill be madeavailablemid-projectthrough
the organizationof a workshop,andby makingavailableinterim reportsfor eachareaof validationor

exploitation By theendof theprojectthesdnterimreportswill havebeenpublishedn thisprojectreport
series, fully documenting all aspects of the project.

The assimilationsystemfor ERA-40 will be maintainedand preservedong after the re-analysisis
complete It will be madeavailablefor further observingsystemexperimentationandwill be usedto
update the set of re-analyses in near real time.

3.3 The partnership

ECMWEFwill beresponsibldor projectco-ordinatiorandtheproductionof theanalysesTheremaining
partnersarerepresentativef the customeibasefor meteorologicabnalysesTheyhaveparticipatedn
the planning,andwill validatethe ERA-40analysesandusethemfor a variety of applicationsWhile
notparticipatingdirectlyin theproductiontheywill examingheemergingesultsof there-analysivery
soonafterproduction.Theywill thusbeableto supplemenECMWF’s routinemonitoringby drawing
attention, at an early stage,to potential deficienciesand problems. This interaction betweenthe
productionpartnerandthevalidationpartnerss essentiato ensurdhatthefinal resultsof there-analysis
production are of the highest possible quality.
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ECMWEF is a Europeaninter-governmentalbrganisationactive in data assimilation, atmospheric
modellingandnumericalweathemprediction.It hassuccessfullycarriedout previousprojectsinvolving
numericalexperimentatiorand state-of-the-artlataassimilation,and combineshigh quality research
expertisewith a considerablelepthof technicaland operationakxperienceECMWF itself hasmany
applicationsandresearciprogrammesvhichwill beusedo validateandexploitthere-analysiproducts
Thesdncluderesearchnto seasondiorecastingstudiesof theimpactof the componensub-systemsf
the global observing system, specific studiesof the impact and quality of satellite observations,
applicationto ocean-circulatiomodels andto the scientificandtechnicaimprovemenof analysisand
weather-forecast systems.

MPIfM is a leading Germaninstitute for climate modelling and researchand a major customerfor
analysisdata.lt hasextensiveexperiencdn the validation of analysesand climate simulations,with
special expertise in the validation of the hydrological cycle.

Météo-FranceKNMI andUKMO arethe nationalmeteorologicakervicesof France the Netherlands
andthe United Kingdom. They havea broadrangeof operationalandresearchresponsibilitiesanda
broadcustomebasefrom thepublic,governmentahindcommerciakectorsin their R&D rblestheyare
themselves customers for synthesized analysis data.

UKMO hasaresearclyroupwith particularexperiencén theexploitationandvalidationof analysigdata
throughthemodellingof clear-skyradiation;this groupwill applyits expertisgo theERA-40analyses.
UKMO alsohasan on-goingprogrammeof researchnto seasonalorecastingandwill exploitthere-
analysisproductsto this end.Its expertisein stratospheri@ssimilationandmodellingwill alsobe of
value to the project.

Météo-Francéhascollaboratedcloselywith ECMWEF in the developmentf atmospherianodelsand
variationaldataassimilation andin particularprovidedthe parametrizatiorf ozonesourcesandsinks
to be usedin the assimilatingmodelfor the re-analysisMétéo-Francavill validateandexploitthere-
analysisproductswith respecto stratospheriozoneandoceansurfacefluxes. It will alsouseproducts
asinput to a modelto diagnoseand simulateAlpine snow cover,andinput to a chemistry-transport
model.

KNMI hasextensiveexperiencendinterestdn studiesof themodelling,predictionandclimatologyof
ocearwaves It will work onthevalidationandexploitationof theocean-wave@roductsKNMI alsohas
a substantiatesearcteffort in stratospheri@zone,andwill contributeto studiesof the re-analysesn
this area.

NCAR is a US institutefor atmospheriadesearchhatis participatingin the projecton a self-funding
basis.NCAR hasinvestedmanyman-yearof effort into the preparatiorof the historic observational
dataessentiato the project,hasactivelysupportedhedisseminatiorf previousre-analysigproductgo
North American customersand has contributedto the exploitation and validation of previousre-
analyses. NCAR will provide support in all of these areas for ERA-40.

UREADMY is a British university departmeniof meteorologywith interestsin global atmospheric
modellingand studiesof the generalcirculationandclimate.It haslong experiencen the useof past
operationahnalyseandre-analysefrom anumberof sourcesUREADMY will bringuniqueexpertise
with respectto the assessmeraf thoseaspectof the global circulation, suchas the North Atlantic
Oscillation, which have a particular bearingon EuropeanClimate, and will, in addition, provide
expertisdor theassessmerf aspectsuchasENSO,theAsianSummemMonsoon tropicalconvection,
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and storm track behaviour.It will also contribute to the validation of upper troposphericand
stratospheric humidity and ozone.

Further information on the partner institutions is given in section 8.

3.4 Project time table

Theprojecttime-tableis illustratedin theform of a Ganttchartin figure 1. Linkageis difficult to show,
asmostof thevalidationwork packagegWP4100to WP 4800)andthoseof the production(WP3100)
andmonitoring(WP3200)interactalmostcontinuouslywith eachother. The deliverablef theproject
(seesection3.8)areillustratedby milestonesymbolswvhich highlightthetime atwhichtheyareexpected
to beprovided DeliverabledD07,D08 andD09 arenotshownastheyareproducedalmostcontinuously
by the monitoring work package(WP3200).DeliverablesD03, the quarterlyreportsto the EC, are
similarly not shown.Also not shownis the time of initial availability of datato usersexternalto the

[QrT T @ T @ [ @ [ @ [ Q | Q7 | Q [ Q% | Q0 [ Qif | Q12 |

MANAGEMENT —

WP1000 (co-ordination) [ 1
@ D04 (user requirement document)
4 DO6 (initial project brochure)

D39 (updated project brochure) 4
PR E P AR AT 1O
4 DO1 (archive of observations)
4 D02 (production assimilation system)
4@ DO5 (report on experimentation)

WP2600 (residual obs) [

D21 (new cloud winds) 4
D25 (enhanced archive of observations) 4

RE-ANALYSIS —

WP3000 (optimisation) |

4 D11 (optimised system)

WP3100 (production) [

WP3200 (monitoring) [ |
D23 (archive of analyses 1957-2001) 4

D24 (archive of climate) 4

/A LI DA T 1O N

WP4000 (observations) |

WP4100 (hydrology)

WP4200 (radiation)

‘WP4300 (snow)

WP4400 (ozone)

WP4500 (fluxes)

WP4600 (waves)

WP4700 (budgets)

WP4800 (circulation)

4@ D10 (initial radiation assessment)
D13-D20 (interim reports) 4

D27-D37 (final validation deliverables) 4

DATA SERVICE —

WP5000 (affordable dissemination) [

D12 (interim data) 4
D26 (final data) 4
CON C LU S| O N

WP6000 (documentation) [

D22 (draft documentation) 4
D38 (final documentation) 4

WP6100 (clean-up) [

(project complete) %V

Figure 1 Gantt chart showing time table of work packages and deliverables. The time axis is marked in units of
Figure quarters, Q1 denoting the first three months of the production phase of the project (months 0, 1 and 2).
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project.Datawill be madeavailableoncesufficientvalidationhasbeenperformedon eachcompleted
yearof re-analysisin mostcasesthis will bewithin threemonthsof the completionof the production

for that year.

It maybenotedthatthepreparatiorextendghroughoutheproject.Thisis becaus¢herefinemenbf the
observationsarchive will continue through WP2600, delivering an archive of observationswhich
benefits from data investigation instigated by quality problems encountered during the production.

Thefigure coversonly thethree-yeaphaseof the projectfor which fundingis providedby the EU. The
work packagesor the preparatiorphasespecifiedin AppendixA arenotshown,butthedeliverableof

these work packages (D01, D02 and D05) are included.

3.5 Milestones

The following milestonegqTable2) have beendefined.Inaddition,therewill be regular reportsto the

European Commission.

Table 2: Milestones list

MiIeNsc';one Milestone title -r;agr?;]t
MO1 Initial assessment - clearnyskadiation 5
MO02 Optimised production system 11
MO03 Production 1987-1998 14
MO04 Production 1957-1968 14
MO05 Affordable dissemination - interim data 17

M06-13 Interim validation reports 17
M14 Re-processed cloud motion winds 20
M15 Draft project documentation 23
M16 Production 1999-2001 &werlap eperiments 31
M17 Production 1969-1986 &werlap eperiments 31
M18 Archive of analyses 1957-2001 31
M19 Archive of monthly and climate data 35
M29 Enhanced obseations archie 35
M21 Affordable dissemination - final data sets 35
M22 Alpine snav climatology 35
M23 Climatology of ocean aves 35

M24-32 Final validation reports 35
M33 Project report series 35
M34 End of project 35

16
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3.6 Graphical presentation of the poject's components

The relationships between the major components of ERA-40 are illustrated in figure 2.

Co-ordination - WP 1000

ECMWEF (co-ordinator)

Project plans, progress reports, and co-ordination

A A A

Y

Pre-production - WP 2000, WP 2100,

A

Y

Y

WP 2200, WP 2300, WP 2400,
WP 2500, WP 2600

ECMWF (co-ordinator)

Observations,sea-surface temperatures,
sea-ice cover, experimental results,
production system

Production - WP 3000, WP 3100,
WP 3200

ECMWF (co-ordinator)

Archive of analyses, forecasts, climate; (-t—
Monitoring information for quality
assessment of analyses and observing
system components.

y

Y

Validation and Exploitation
WP 4000, WP 4100, WP 4200,
WP 4300, WP 4400, WP 4500,
WP 4600, WP 4700, WP 4800

All partners

Radiation assessment;
Feedback on quality of products;
Interim validation reports;
Participation in mid-project
workshop;

Final validation reports;

Snow climate;

Ocean-waves climate.

Dissemination, Final Documentation and Clean-up
WP 5000, WP 6000, WP 6100

ECMWF (co-ordinator)
Affordable dissemination;

Project final report series;
Project and archive completion

Figure 2 Components of ERA-40
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3.7 Workpackage list

Workpackage : Lead Start | End | Deliverable
No. Workpackage title partners | month | month No.

WP1000 |Co-ordination ECMWF 0 35 DOS,{)D?E); D06
WP2600 [Residual obseation preparation ECMWF 0 35 D21, D25
WP3000 System optimisation ECMWF 0 11 D11
WP3100 Production ECMWF 0 31 D23, D24
WP3200 Production monitoring ECMWF 0 31 D07 to D09
WP4000 |Validation with respect to obsemions ECMWF 6 35 D13, D29
WP4100 ([Validation with respect toyrology MPIfM 0 35 D14, D30
WP4200 |Validation of clear skradiation simulation UKMO 0 35 D10, D31
WP4300 Validation of alpine-sn@ simulation Météo-France O 35 D15, D27, D34
WP4400 ;/;\(I)lg:t;)r:]do;tté;:[\)ﬂe;g)uprospherlc and stratospheric I\l/IJeRteE(/)Ag:\;\?(c, 0 35 D16, D34
WP4500 |Validation of ocean suate flues Météo-France O 35 D17, D33
WP4600 Ocean vave product wlidation and analysis KNMI 3 35 D18, D28, D35
WP4700 Lls(ljigglon of global mass, heat, egyerand moisture NCAR 0 35 D19, D36
WP4800 Diagnosis of atmospheric circulation systems I\l/IJ;éEcﬁE:\zAi:ca 0 35 D20, D37
WP5000 |Affordable dissemination ECMWF 6 35 D12, D26
WP6000  |Final documentation ECMWF 12 35 D22, D38
WP6100 [Clean-up ECMWF 24 35
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3.8 Delverables list

Deliverable Deliverable title Delivery date | Nature Dissemination
No. level
DO1 Obsenations archie and forcing fields Month 0 Data Restricted
D02 Production system Month O Other Restricted
D03 Quarterly reports to the EC Months 2,5,...35| Report Restricted
D04 User requirement document Month 2 Report Public
D05 Report on gperimentation Month 5 Report Public
D06 Initial project brochure Month 6 Report Public
D07 :)dt?srgirti/?ndgsgtset(renrsg%?gg r:;i:ggsnosf different Continuous Data Restricted
DOS srtggitcl:gs on the impact of observations on the Continuous Data Restricted
D09 Metadata for users Continuous Data Public
D10 Initial assessment - cleanskadiation Month 5 Report Public
D11 Optimised production throughput Month 11 Other Restricted
D12 Affordable dissemination - interim data Month 17 Data Public

D13-D20 | Interim validation reports Month 17 Report Public
D21 Pre-processed mecloud motion winds Month 20 Data Restricted
D22 Draft of project documentation Month 23 Report Public
D23 Archive of analyses and forecasts 1957-2001 Month 31 Data Public
D24 Archive of monthly and climate means Month 35 Data Public
D25 Enhanced obseations archie Month 35 Data Restricted
D26 Affordable dissemination - final data sets Month 35 Data Public
D27 Alpine snav climatology Month 35 Data Restricted
D28 Climatology of ocean aves Month 35 Report Public

D29-D37 | Final validation reports Month 35 Report Public
D38 Project report series Month 35 Report Public
D39 Updated project brochure Month 35 Report Public

DeliverabledD01,D02 andDO05 arefrom workpackagesutsideof thescopeof the EU-fundedphaseof

theproject,describedn AppendixA. DeliverabledD02 andD11, ascribeda natureof “Other”, arethe
initial productionandoptimisedversionsof the complexdataassimilationsystembeingdevelopedor

ERA-40.The“Public” disseminatiortevel asappliedto datais interpretecasmeaninghatdatamaybe
distributedto any individual or organization,but that restrictionsmay be applied to the onward
distribution by the recipientto third parties,subjectto the rules of datadistributionimposedby the
Councilof ECMWEF. Thearchiveof observationfavea“Restricted’disseminatiotlevel becaussome
observationaflatasetsveresuppliedo ECMWFfor usein ERA-40butwith restrictionsontheironward
distribution.
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3.9 Workpackage descriptions

Thefollowing workpackagealescriptionexcludetheworkpackagegsxpectedo be completeby startof
the EU-fundedstageof the project,the beginningof monthO0. Detailsof the preparatoryworkpackages

are contained in Appendix A.

Workpackage number: WP1000 Co-ordination
Start date: Month O
Lead partner: ECMWF

Obijectives and input to workpackage

Scientific and technical co-ordination, liaison, planning, managementand review to ensure successfu
completionof the project. Input: Formal and informal information from all participants;advice from the
External Advisory and Steering Groups; interactive update on progress.

Description of work

Detailedplanning,co-ordinationandintegrationareessentiaif the statedobjectivesareto beachievedWhile
eachpartnewill beresponsibldor its individualworkpackagesz CMWFwill assumeesponsibilityfor overall
co-ordinationandplanning,underthe guidanceof a SteeringGroupcomprisingrepresentativesf eachof the
partners.

This taskincludesthe settingup of meetingsof the ExternalAdvisory Groupandthe SteeringGroup, liaison
with otherpartnerson a day-to-daybasis,formulatingthe overallwork programmesnd plansfor ECMWF,
integratingthesewith the work to be performedby the remainingpartners,and supervisingthe remaining
workpackages of ECMWF.

Thedefinition of the users’requirementsandthe participationof the usersn the planninganddirectionof the
projectis mainly achievedthroughthe ExternalAdvisory Group. This group compriseshe SteeringGroup,
augmentedy representativesf the major customersandrecognisedcientific expertsin the productionand
applicationof global analysesWCRP and GCOSare supportingERA-40 throughfunding the attendancef
experts at meetings of the External Advisory Group.

An importantfunction of this workpackagewill beto co-ordinatethe production,monitoring,andvalidation,
andthearchivalanddocumentatiorf theresults.Rapidaccesdo statusprogressaandresultswill be provided
throughdirect links and Internetfeatures.Furtheractivities are organizationof mid-projectworkshop,and
participation in international seminars to inform customers of progress, quality, and availability of rest

Specificdeliverable®f thisworkpackagearequarterlystatuseportsto the EC, theuserrequirementiocument
andtheprojectbrochureto be producednitially in the early stagef the projectandupdatecdat the endof the
project. Formats for these documents will be as agreed with the EC.

Ilts.

Deliverables

DO03: Quarterly reports to the EC (months 2,5,...35).
D04: User requirement document (month 2).

DO6: Initial project brochure (month 6).

D39: Updated project brochure (month 35).

Milestones and expectedesults

Achievement of all project milestones and successful completion of project.
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Workpackage number: WP2600 Residual obseration preparation
Start date: Month O
Lead partner: ECMWF

Obijectives and input to workpackage
To acquireandpre-procesadditionaldatawhichbecomeavailableaftermonthO (especiallye-processedoud
motion and water vapour winds); to improve the observations archive. Input: Data from various sources.

Description of work

Progresgo dateindicateghat, by the startof month0, the systemdevelopmen{WP2300) the developmenbf
monitoring tools (WP2400),and the experimentationfWP2500)will be complete(see Appendix A). The
acquisitionand pre-processingf the observationsand forcing fields (WP2000and WP2100)will also be
complete for many of the years of the re-analysis period.

Thereareplans,externalto this project,for Eumetsato computenew cloud-motionandwater-vapoumwinds
from Meteosat-2magesandre-processedinds may alsobe availablefrom GOESsatellites. The production
schedulehas beenplannedso as to enablethesedata,if madeavailableto the expectedtime table,to be
exploited.Thisworkpackageallowsfor theacquisitionandpre-processingf thesedata. Additionally, it allows
for acontinuatiorof WP2200(problemchasing)with theaim of makingavailableto there-analysigproduction
(WP3100)the bestsetof observationpossiblewithin the productiontime-frame Improvementso thearchive
of observationsvhich missthe deadlinedor productionwill alsobe attemptedbut with lower priority. Such
furtherenhancementsould beof valueto themonitoringandvalidation,andwould provideaddedvalueto this
unique data depository.

Deliverables
D21: Pre-processed new cloud-motion and water-vapour winds (month 20).
D25: Enhancements to the observations archive (continuous throughout project).

Milestones and expectedesults
M14: Preparation of re-processed cloud motion and water vapour winds (month 20).
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Workpackage number: WP3000 System optimisation
Start date: Month O
Lead partner: ECMWF

Obijectives and input to workpackage
To configureand optimisethe assimilationsystemto achievea sustainedgroductionrate of the orderof one
monthof dataassimilationeachday.Input: Theinitial productionsystemdeliveredby WP2300(AppendixA).

Description of work

In the preparatiorof theinitial productionsystempriority hasbeengivento ensuringrobustnesandscientific
correctnessWhile efficiency has also been given a high priority, production experiencewill provide
opportunity for further optimisation.

Theproductiongoalis to completeproductionoveratwo yearperiod.This requiresa sustainegroductionrate
of aboutonemonthperproductionday,allowing for periodswhereerrorsaredetectecandproductionneedgo
bere-run.Currentexperiencevith the pre-productiorsystemindicatesthatalthoughthis ratemay not be quite
achieveddy theinitial productionsystemijt will be possibleto carryouttherequiredoptimisationoverthefirst
yearof productionandachievethe productiontargets.Optimizationof the systemwill thuscontinueafterthe
startof production,usingexperiencegainedduringthe experimentatiomndearly production.Bottleneckswill

be identified, tackled and removed.

Deliverables
D11: Gradually enhanced throughput of the production system during the first year of production.

Milestones and expectedesults
MO02: An optimised production system able to achieve the objectives by month 11.
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Workpackage number: WP3100 Pioduction
Start date: Month O
Lead partner: ECMWF

Obijectives and input to workpackage

Re-analysiof the globalatmospherdand-surfaceand oceanwavesfrom mid-1957to 2001.Input: Acquired
andpre-processedbservationssea-surfaceemperaturandsea-icedata(\WP2000,2100,2200- seeAppendix
A); enhancedobservations(WP2600); bias corrections (WP3200); monitoring and validation feedback
(WP3200, 4000, 4100, 4200, 4300, 4400, 4500, 4600, 4700, 4800).

Description of work

Productionwill include comprehensivepre-analysisobservationhandling including the necessarybias
corrections,the data assimilation,the post-processingnd archiving of the results,and the preparationof
immediatemonitoringmaterial.Regularforecastswill berunfrom theresultinganalysesyerification of these
againstsubsequenanalyseswill provide an additional measureof the analysisquality. Observingsystem
experimentwill berunwith andwithout majornew observationasub-systemaVietadatajncluding statistics
for eachobservedelement,quality-control information returnedfrom the analysesand other information
concerninghow eachelementwas usedwithin the system,will be preservedDeliverableswill be made
availableto Partnersasproducedandto othercustomersvheneachwholeyearhasbeenreasonablyalidated

Productionwill besplitinto two parallelstreamsinitially onestreamwill processlatafrom 1987onwardsfor
whichthereis aparticularlyurgentdemando supporseasondbrecastingvork, while theotherwill bedevoted
to the earlierandpotentiallymoreproblematicdata. The secondstreamwill overlapthefirst, enablingthe full
periodfrom 1981to 1988, for which therewill be externallyre-processedatellitewind information,to be
processed last.

Extensivenformationon productionandarchivestatuswill bemadeavailableon-lineto partnersPartnersand
many principal customerswill be ableto accesslataimmediatelyon productionusinga high speedhetwork.
Informationfor othercustomersill be providedvia theInternet,andwill give detailsof validatedproductsas
they become available.

The archives generated will include:
e 6-hourly analyses;
< short-range forecasts to pide supplementary information;
< ten-day forecasts, atgelar intenals;
« feedback statistics relating the background and analgkissto the obseed \alues;
* monthly means of the analyses and short-range forecasts;
¢ climate means based on the full re-analysis period.

The archiveswill be madewidely availableaccordingto the ECMWF Council’s standardrules concerning
distributionof non-real-timeproducts.In particular,theywill be providedon requesto governmentabodies
universitiesresearchinstitutesand othernon-profit seekingorganizationsvorldwide at costof reproduction
Subsetf the productswill be definedin liaisonwith the ExternalAdvisory Groupto enablereproductiorof
thesesubsetatreduceccost. Arrangementsnay be madefor sub-archiveso beavailablewithin a nationfrom
a national source.

Deliverables
D23: archive of analyses and forecasts. D24: archive of monthly and climate means.

Milestones and expectedesults
Stream 1: M03: 1987 to 1998 by month 14. M16: 1999 to 2001 plus some overlap OSE’s by month 3
Stream 2: M04: 1957 to 1971 by month 14. M17: 1972 to 1986 plus remaining OSE’s by month 31.

=
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Workpackage number: WP3200 Pioduction monitoring
Start date: Month O
Lead partner: ECMWF

Obijectives and input to workpackage

Quality assurancef production;generationof bias correctionfor satellite radiancesand radiosondedata;
generatiorof information on suspecttations;provision of informationimportantto usersof the re-analysis
products. Input: Re-analysis results (WP3100)

Description of work

The productionwill be highly automatedandwill berun for 24 hoursperday for sevendaysperweek.The
throughputratewill be high anda wide variety of outputwill be producedVery closescrutinyof production
will be neededso that manual intervention, and corrective action where necessarycan be effectively
administeredMonitoring tools will be usedcontinuouslyto assesshe quality of the analysisand forecast
products with respect to the obsatiens. This will enable interception of problems at an early stage.

Theuseof observationatlataby theassimilationsystemwill bemonitoredto identify andexcludeobservationg
of persistentlypoor quality. The excludedobservationawill be monitoredpassivelyandre-introducedvhen
improvementaredetectedAs observatiorguality changesthemonitoringwill deliverrevisedbiascorrections
for use in future production.

An additionalfunction of the monitoringwill be the detectionof unexpectedhangesn the responseo the
variouscomponent®f the observingsystem.The analysesandshort-rangdorecastawill alsobe assessedy
comparingtheir climate characteristicavith existing knowledge.The overall responseof the analysisto

observationswill be monitored by monthly statistics (means, standarddeviations, etc.) of the analysis
incrementsover different geographicalregions.A representativessampleof analyseswill be usedasinitial

conditionsfor extendedorecaststhe resultsof which will be verified throughouthe productionasa measure
of the analysis quality.

Deliverables

DO07: Identified systematic and gross errors of different observing systems; bias corrections.
DO08: Statistics of the impact of observations on the products.

D09: Metadata concerning re-analysis quality and critical events for users of the products.

Milestones and expectedesults
Sufficient information for input into the next production month at the end of each production month.
Completion of the remaining deliverables as soon after each production milestone as possible.
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Workpackage number: WP4000 \alidation with r espect to obserations
Start date: Month 6
Lead partner: ECMWF

Obijectives and input to workpackage
Quantitativeassessmermf the differenceshetweeranalysecandobservedralues;assessmemf performance
of the assimilationsystem,and the componentsof the observingsystem.Input: Re-analysisresults and
monitoring statistics (WP3100 and WP3200)

Description of work
The statisticsproducedy the productionmonitoringwill enablevaluablequantitativeassessments be made
of thedifferenceshetweernthe analysedandobservedralues.Sincethe dataassimilationprocesss a synthesis
of all availableobservationshy performingsuchanalyse®n eachof theindividual sub-systemsf the global
observingsystemoverlong time periodsit is possibleto generaténformationconcerninghe accuracyof the
analyses, and also of the various types of observations.

Monitoring statisticswill thusbeusedto measurghe performancef thedataassimilatiorrelativeto eachmajor
componentof the observingsystem.Information will be generatedconcerninganalysisaccuracy,and the
performance of individual observing systems over time.

At the end of the re-analysigheseresultswill be publishedin graphicalform. This will provide a valuable
assessment for future users of both the re-analysis products and the observations.

Deliverables
D13: Interim report (month 17).
D26: Final report (month 35).

Milestones and expectedesults
MOQG6: Interim report (month 17).
M24: Final report (month 35).
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Workpackage number: WP4100 \alidation with r espect to lydrology
Start date: Month O
Lead partner: MPIfM

Obijectives and input to workpackage
Establishmenof confidencean ERA-40resultsrelatingto thehydrologicalcycle.Guidancdo usersconcerning
product selection and reliability. Input: Re-analysis results (WP3100)

Description of work

The analysisdataproducedoy ECMWF will be copiedcontinuouslyto the databankof MPIfM. Checkswill

be madethatvaluesarereasonablelong-termmeansof precipitationandlatentheatfluxeswill be compared
with availableclimatologicalestimatesThe diurnal cycle and precipitationstatisticswill be investigatedor
reasonablenes3ime seriesof precipitationandlatentheatflux will be searchedor unreasonablgariations
using both subjectivejudgementand comparisonsith observationatlatawhereavailable.Precipitationand
snowdepthdatawill be comparedvith observationatlatawhereavailable Differenceshetweerprecipitation
and evaporationwill be usedto calculateriver dischargesand thesewill be comparedwith corresponding
observationsTheresultingsea-levechangedor closedbasinsike the Volga/CaspiarSeaandthe GreatSalt
Lake will be compared with observations.

There-analysiddatafrom NCEPwill be usedfor comparisonandfurther evaluationswill focuson areasor
periods of discrepancies.

Also, guidancewill begivenasto which of the ERA-40resultsarelikely to bethemorereliable.Forexample
it hasbeenshownfor ERA-15thatit is moreadvantageout® useprecipitatiorvaluesfrom 12-24hourforecasts
asestimate®f thetruth ratherthanthosefrom the shorterrangeforecastsBiasesin the precipitationamounts
are to be expectedat leastin someareasand it would be valuableif a statementcould be madethat the
variabilities are nevertheless reasonable.

Resultsfrom TRMM will beavailablefor thelastfew yearsof there-analysisthesewill providesomeinsight
into the vertical profiles of droplets, giving a new dimension to model validation.

Deliverables
D14: Interim report (month 17).
D30: Final report (month 35).

Milestones and expectedesults
MOQ7: Interim report (month 17).
M25: Final reports (month 35)
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Workpackage number: WP4200 \alidation of clear sky radiation simulation
Start date: Month O
Lead partner: UKMO

Obijectives and input to workpackage
Comparison®f thefluxesatthetop of theatmospheravith satelliteradiationbudgetmeasurementgnabling
guality assessmerf the analysedsurfacetemperatureanduppertroposphericiumidities.Input: Re-analysis
results, including simulations of the clear-sky fluxes and heating rates on the ERA-40 vertical grid (W[P3100).

Description of work

This packagewill build onthe successfubalidationof ERA-15performedby UKMO. UKMO will accesshe
re-analysesreatecoy ECMWF throughthe existingdedicatedink betweertheinstitutionsandwill perform
theassessment$his doesnot necessarilyneedto be donein near-reatime, althoughthis couldbe valuableto
help spot problems as early as possible and report them to ECMWF-.

All therequireddiagnosticawill be archivedat ECMWF, sothis work packagewill mainly be concernedvith
comparisonswith datafrom ERBE, ScaRaBand CERES.Supportingdatasuchas surfacetemperatureand
atmosphericgemperatureand humiditieswill be extractedfrom the ERA-40 archives Most comparisonswill

usemonthly meandata,but consideratiorwill alsobe givento comparisonst higherfrequencyto studythe
contributionfrom samplingbiasesn thesatellitedata. Thecomparisonsvill enableanindependenassessmen
of the ERA-40 products,in particularthe surfacetemperaturesand atmospherichumidities. Resultsfrom
parallelrunsof theassimilationsystemin which selectedneasurementrewithheldmaybeusedto assesthe
extentto which the humidity analysisis controlledby the data,asopposedo the model. Whereappropriate,
additional simulationswill be performedat UKMO to conductsensitivity and other studies.If time and
resourcesallow, the comparisonswill be extendedto include all-sky conditionsfor both shortwaveand
longwave fluxes, to enable an assessment of the full radiation budget of ERA-40.

—

Deliverables
D10: Initial assessment (month 5).
D31: Final report (month 35).

Milestones and expectedesults
MO1: Initial assessment based on trial period (month 5).
M26: Final report at end of project (month 35).
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Workpackage number: WP4300 \alidation of Alpine snaw simulation
Start date: Month O
Lead partner: Météo-France

Objectives and input to workpackage
Comparisorof ERA-40surfacdields andsnowcoverwith Alpine observationsproductionof acomprehensiv
snow climatology of the French Alps. Input: Re-analysis results (WP3100)

D

Description of work
The ERA-40outputsoverthe FrenchAlps will becheckedby variousmethodsThe precipitationtemperature,
andsnowcoverwill becomparedvith observationsThesurfacemeteorologicaVariableswill be usedto force
a snowmodelandthe correspondingnowcoverwill be comparedvith both observationandERA-40snow,
cover. All theseresultswill alsobe comparedto ERA-15 resultsin orderto evaluatethe influence of the
meteorological model and analysis system on the results.

A snawv depthclimatologywill be producedby usingthe SAFRAN (meteorologicaknalysisin mountainous
regions)and CROCUS (a precisesnav model)systemsievelopedby Météo-FranceThe meteorologicainput
will be obtainedfrom Météo-Frances climatologicaldatabase A few long term seriesof snowdepthwill be
used for the validation. This snow climatology can be used for further climate variability studies.

Deliverables

D15: Interim report (month 17).

D27: Alpine snow climatology (month 35).
D32: Final report (month 35).

Milestones and expectedesults
MOQ8: Interim report (month 17).
M22: Snow climatology (month 35).
M27: Final reports (month 35).
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Workpackage number: WP4400 \alidation of upper-tr opospheric and stratospheric ozone and
water vapour

Start date: Month O

Lead partners: Météo-France, UREADMY

Obijectives and input to workpackage
Assessmentf the quality of ERA-40 upper-tropospheriandstratospheriozoneandwater-vapouproducts
Input: Re-analysis results (WP3100); in-situ data from MOZAIC, EASOE, SESAME, ozone sondes, €

tc.

Description of work
Météo-France:

Usingthe assimilatedD ozonefields producedby ECMWF, Météo-Francevill createa databankcontaining
daily total (i.e. vertically integrated)ozonefields andzonally averageazonefields. Vertical profilesof ozone
will alsobereconstructefom ERA-40fieldsfor anumberof selectedtationsof theozoneobservingnetwork
and stored by Météo-France in this databank

First,acomparisorof thetotal ozonefields with thosefrom TOMS datawill be made;strictly speakingthisis
not anindependentalidationof ERA-40products sinceTOMS measurementwill be assimilatedduringthe
project,but this will be a simplecheckof ERA-40 ozonefields. A secondcheckon total ozonewill be made
usingtotal ozonefields computedwith analgorithmdevelopedy Météo-Francendoperatingon TOVS data.
In addition to this, measurementfrom recentfield campaigns(EASOE, SESAME), during which many
differentinstrumentsvereused,andin-situ ozonemeasurementsom the MOZAIC experimenf{commercia
instrumentedircraft) will be usedfor atruly independenvalidationof the ozonefields. For this purposea
procedureinterpolatingthe model’s 3D ozonefields to the aircraft trajectorieswill be developed.Sucha
validation, however, will only be possible for the last years of the ERA-40 period.

Foravalidationof theozonefield in theearlierperiod,in particularthepre-satelliteyearsduringwhichnoozone
datawill beusedin theassimilationa setof stationsvherethemostreliableandlongesttime seriesof ground-
basedneasuremenisf ozoneareavailablewill bechoserandcomparedvith the ozonefields producedy the
assimilation.

UREADMY:

Satellitemeasuremenigill beusedor validationin collaboratiorwith theUTLS programmeof theUK Natural
EnvironmenResearciCouncil.Also, MOZAIC datawill beusedto validatetheozoneandwatervapourfields,
with particularreferencdo theisentropictransporiacrosghetropopaus@ssociatedvith transientsmallscale
featuresUREADMY hasalreadyusedMOZAIC datato verify thetransporbf watervapourbetweertheupper
tropospherandlower stratospherseenin recentoperationabnalysesandcollaboratedvith Météo-Francén
theMOZAIC-3 bid to the Fifth FrameworkProgrammeTheareaof stratospheric/troposphergxchangés one

represenstratospheric/tropospher@xchangerocessessuchastropopausdolding; this will be achievedoy
the application of sophisticated tracer methods.

Deliverables
D16: Interim report (month 17).
D33: Final report (month 35).

Milestones and expectedesults
MOQ9: Interim report (month 17).
M28: Final report (month 35).

in which UREADMY hasconsiderablexpertiselt will beimportantto assestiow well the ERA-40analyse$
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Workpackage number: WP4500 \alidation of ocean surface fluxes
Start date: Month O
Lead partner: Météo-France

Obijectives and input to workpackage
Evaluation of the quality of the ERA-40 ocean surface fluxes. Input: Re-analysis results (WP3100)

Description of work

Firstly, theradiativeandturbulentoceansurfacefluxesderivedfrom ERA-40will be comparedvith anearlier
re-analysisThetwo datasetswill alsobe comparedwith fluxes derivedfrom COADS (Da Silva etal, 1994)
and with satellite-derived surface radiative fluxes.

Secondly,oceanicsurfacefluxes from ERA-40 will be comparedwith in situ observationgollectedduring
dedicatedexperiments.These experiments,conductedin different oceanareas,include TOGA-COARE
(WesternPacific, 1992-1993) SEMAPHORE (Azores, 1993), CATCH (North Atlantic, 1997)and FETCH
(Mediterranearsea,1998).During theseexperimentsspecialmeasurementsere madeto calibratenew flux
parametrizationsThese parametrizationswill be used first to calculate bulk fluxes from oceanic and

With anhypothesi®f energybudgetequilibriumoveramulti-yearperiod,themeridionaloceanicheattransport
in eachoceanidbasincanbe derivedfrom the netsurfaceheatflux. Thesetransportswill be comparedagainst
otherestimatesncluding direct calculationsfrom temperatureand currentmeasurementas publishedin the
literature, and recent WOCE estimates.

ERA-40oceanfluxeswill alsobe validatedindirectly by usingthemto constraina primitive equationoceaniq
model; a similar comparisorhaspreviouslybeencompletedover the Tropical Atlantic with fluxes from an
earlierre-analysis An updatedversionof this modelis being developedand will be usedif available.The
validationof the modelwill be performedby comparingthe oceaniomodeloutputswith in-situ measurement
provided by Voluntary Ships of Opportunity and the PIRATA mooring network, with the Levitus 94
climatology, and, if available, with an updated Levitus climatology including WOCE data.

atmospheric ERA-40 outputs and, secondly, to compare with those calculated by the ERA-40 system.

Deliverables
D17: Interim report (month 17).
D34: Final report (month 35).

Milestones and expectedesults
M10: Interim report (month 17).

M29: Final report (month 35).

7]
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Workpackage number: WP4600 Ocean wee product validation and analysis
Start date: Month 3
Lead partner: KNMI

Obijectives and input to workpackage
Assessmentf the quality of the ERA-40 surfacewinds over the ocean;generatiorof a 40-yearoceanwave
climatology. Input: Re-analysis results (WP3100)

Description of work

KNMI will collectall relevantwaveobservationandcomparehesewith the predictionsof ERA-40.This will
provideanassessmeimtf the quality of thenearsurfacewinds. Theresultingwavedatasetwill beusedto study
the climatology of ocean waves, with a special interest in patterns of interannual and decadal variabiljty.

To validatethe quality of the re-analysisthe oceanwave predictionswill be comparedwith observationsin
addition, a thoroughstatisticalanalysiswill be madeof the 40-yearsurfacewind and wave climate. Work
comprisedive parts.Thefirst half yearwill be usedto developmethodsfor the analysisof the waveresults
Also, waveaspectf the pre-productiorexperimentatiomwill be checkedln the secondpartof thework the
databaseof wave observationsalreadyavailableto partner5 will be extendedThis databasevill comprise
visualobservationandbuoyobservationin additionto satelliteobservationsThehistoricdatasetanalysedy
Bouwsetal.(1996)will alsobeusedIn thethird partERA-40near-surfac&vindsandwaveswill bestudiedand
the waveswill be comparedwith observationsThis comparisonwill include time seriesand probability
distributionfunctionsfor a givenlocationaswell asmonthlymeanglobalwaveheightcharts In thefourth part
the relation betweenwind speedand the momentumflux in ERA-40 will be comparedwith proposed
parametrizationandpublishedexperimentastudiesin thefinal partof thework, thewaveclimatologywill be
studied.Monthly meanvalueswill be generatedbut in addition, extremeeventsand the high frequency
behaviou(90%percentilespf wind andwaveswill bestudied Thetraditionalsearctor trendswill bereplaceg
with a method in which the variability of the dominant EOFs is studied.

Deliverables

D18: Interim report (month 17).

D28: Climatology of ocean waves (month 35).
D35: Final report (month 35).

Milestones and expectedesults

M11: Interim reports (month 17).

M23: Climatological analysis (month 35).
M30: Final report (month 35).
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Workpackage number: WP4700 Ewaluation of global mass, heat, engly and moisture
budgets

Start date: Month O

Lead partner: NCAR

Obijectives and input to workpackage
Commentanyon andmeasuresf confidencdor the physicalconsistencyf variousfields for usein diagnostia
studies;suggestion$or possibleimprovementsn the analysissystem,ncluding datatreatmentanalysisand
assimilating model. Input: Re-analysis results (WP3100)

Description of work

NCAR will conductconsistencycheckson (i) the budgetof the massof dry air, (ii) the moisturebudget (iii)
the heatandenergybudgetsnith anemphasion influenceson temperaturesComparisonsvill be madewith
results from NCEP re-analysis for the same times.

Balancinghedry air massudgeis abasicconsistencgheckastherearenosourcegndsinks,andadjustments
mustbemadeto the methodof analysisto ensurghata masshalances achievedor it distortsall otherresults
Fromthe analysedendencyandconvergencef moisture the surfacefreshwaterflux, which correspondso
the difference betweensurface evaporationand precipitation (E-P), will be computedas a residualand
comparedwvith valuesfrom the model.Both of thesefeedinto the energybudgetandare essentiafirst steps
Similarly, theenergyand/otheatbudgetsanandwill becomputedrom theanalyseadthangesn energystorage
in the atmosphereand transportsof energy(the dynamics),and comparedwith model-generateghysical
guantitiessuchasdiabaticheating Satellitedatacanandwill beusedto determingrartsof thediabaticheating
suchastheradiationat the top of the atmospherethe moisturebudgetcangive latentheating,oceandatacan
beusedto determinechangesn ocearheatstoraggwheresufficientdataareavailable)andsurfacefluxescan
beestimatedn somecasessresidualandcomparedvith modelestimatesall theseaspectwill beexploited.
The main quantitiesthat will exist throughoutthe recordwill be atmospheridheatfluxes, andthesewill be
trackedalong with how they relateto temperaturechangesA more comprehensiveview of the physical
consistency of the analysis quantities will result.

Deliverables
D19: Interim report (month 17).
D36: Final report (month 35).

Milestones and expectedesults
M12: Interim report (month 17).
M31: Final reports (month 35).
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Workpackage number: WP4800 Diagnosis of atmospheric ciulation systems
Start date: Month O
Lead partners: UREADMY , Météo-France

Obijectives and input to workpackage
Validationof there-analyseshroughdiagnosisof variousatmosphericirculationsystemsanduseof transport
models.Input: Re-analysisesults(WP3100) expertiseanddatafrom CLAUS, SHIVA, STOECandearlierre-
analyses, and pre-existing transport models.

Description of work

Validation of the temporal and spatial characteristics of tropical convection

This will usethe global high resolutionbrightnesstemperaturedatasetdevelopedby the EU-fundedCloud
Archive User Service(CLAUS), aswell asthe objectivetracking methodto studythe behaviourof tropical
cyclonesandmesoscalasystemsThis techniquehasalreadybeenusedsuccessfullyto study African easterly
wave behaviourin the earlier 15-yearEuropeanre-analysisin comparisorwith Meteosatobservationsand
radiosondelata.The CLAUS datahavebeenusedvery effectivelyto showsystematierrorsin the simulation
of thediurnalcyclein tropicallandandocearbasecdconvectionn arangeof climatemodels UREADMY also
hasconsiderablexpertisen diagnosinghe MJO andits interannualariability. The behaviourof the MJO in

ERA-40 will be analysed, building on experience with the NCEP 50-year re-analysis.

Assessment of the global circulation and itsinterannual variability, e.g. NAO, ENSO

Thiswill buildonUREADMY'’s longtermprogrammen generatirculationdiagnosticaisingoperationatiata.,
This Partnerhasan active programmeon the seasonato interannualvariability of the North Atlantic and
European sector, with a particular focus on the réle of ocean-atmosphere interaction and the impact

Assessment of the representation of the Asian Summer Monsoon

UREADMY will apply expertisedevelopedn this areathroughthe EU-fundedSHIVA projectandthrougha
detailedearliercomparisorbetweerre-analyseandobservationsERA-40datawill alsobeusedto drive crop
modelsrelevantto India and Africa, with the aim of developinga combinedseasonalweatherand crop
productivity forecasting system.

Assessment of storm track behaviour

UREADMY hasextensiveexpertisein this areawhich is being developedfurther throughthe EU-funded
STOECproject.Therepresentationf stormtracksin ERA-40will beassessedsingdiagnostic®f thetransient
fluxes as well as applicationof an objective tracking methodwhich providesa new view of storm track
behaviour.

Lagrangian view of the general circulation

UREADMY andMétéo-Francénaveusedoperationaldatafor trajectorycalculationsdesignedo exhibit the
Lagrangiarbehaviourof theatmospherdJREADMY will pursueits studiesfurtherwith anassessmermf the
interannualvariability of the air reachingN.W. Europe,and an investigationof the history of the dry air in
subtropicalregions.The inclusionof convectivefluxesin thesecalculationswill be animportantnew aspec
that will be made possible by ERA-40.

Météo-Francewill carry out relatedstudiesfor the stratosphereysinga transportmodelwith passve tracers
(suchasthe ageof theair) or long-lived tracerswith simplified chemistry(suchasCH,) thatcanbe compared
with independenbbsenations. Thesestudieswill thus provide an indirect validation of the meanresidual
circulation (or diabaticcirculation) producedby ERA-40. Sucha validation is fundamentalin view of the
potential widespread application of the ERA-40 fields to force stratospheric chemical-transport mode

bf ENSO.

n

Deliverables
D20: Interim report (month 17). D37: Final report (month 35).

Milestones and expectedesults

M213: Interim report (month 17). M32: Final report (month 35).

ERA-40 Project Report Series No.1 33



The ERA-40 Project Plan

0

Workpackage number: WP5000 Affordable dissemination
Start date: Month 6
Lead partner: ECMWF

Objectives and input to workpackage
Generation and dissemination of affordable data. Input: re-analysis archive (WP3100)

Description of work

There-analysisarchivewill beextremelylarge(of orderseverakensof terabytes)Very few customerswill be
ableor willing to accommodatsuchalargevolumeof datain its entirety.Datadisseminatiomvill besupported
tailoredto individual needshy meansof selectiveaccesgo the archivesmadepossibleby anadvancedstate
of theartarchive/retrievabystem Evenso,accesgo anddelivery of largeamountsof databy this meanswill
incur substantiatostsfor thosecustomersvho arenot connectedo the archive/retrievakystem While many|
of thesecustomerdiavedemonstratetdy pastorderstheir willingnessto acceptsuchcosts thereremainmany
more for whom such costs are prohibitive.

To addresshis problemanumberof “affordabledatasets”,comprisinguserorientedsub-set®f thefull archive,
will bedefined.Somewill be madeavailableatlow costasa CD-ROM and/orDVD series.Somesub-setof
data may also be made available via the Internet.

Deliverables
D12: Affordable interim dissemination data (month 17).
D26: Affordable final dissemination data (month 35).

Milestones and expectedesults
MO5: Interim affordable data (month 17).
M21: Final data sets (month 35).
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Workpackage number: WP6000 Final documentation
Start date: Month 12
Lead partner: ECMWF

Objectives and input to workpackage

A comprehensiveetof projectdocumentationof particularrelevanceo the usersof the re-analysigproducts
Input: Re-analysisproductionand monitoring results (WP3100, WP3200); validation results (WP4000to
WP4800 inclusive)

Description of work

The productionof there-analysesany problemsencounteredandthe resultsof the monitoringandvalidation
will befully documentedh this projectreportseriesThisdocumentatiomvill enhancehevalueof theproducts
enabling users to obtain maximum benefit from them.

documentation will be produced by all partners throughout the project as subtasks of all workpackagge

Interim and final documentation will be made available both as paper reports and as electronic docun

This workpackageaelatesonly to the integration,editing and publicationof the final projectdocumentation

£S.

nents.

Deliverables
D22: Project draft documentation (month 17).
D38: Project report series (month 35).

Milestones and expectedesults
M15: Draft documentation (month 23).
M33: Final project documentation (month 35).
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Workpackage number: WP6100 Clean-up
Start date: Month 24
Lead partner: ECMWF

Objectives and input to workpackage
Late production and post-production clean-up. Completion of outstanding tasks.

Description of work
Thistaskallowsfor thecompletionof datamanagementn particular,attentionwill begivento thecompletion
of the archive process, and the provision of an archive containing all identified useful supplementary

Someaspectof the dataorganizationgeneratiorof climate,etc.)canonly be begunwhenthe productionhas
reachedanadvancedtage However everyattemptwill be madeto completeasmuchof the dataorganization
and clean-upas possibleduring the production,leavingonly a small amountof work to be undertakerpost-
production.

data.

Deliverables
As listed under all other workpackages.

Milestones and expectedesults
M34: End of project (month 35).
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4. CONTRIBUTION T O OBJECTIVES OF THE EU WORK PROGRAMME

4.1 Better exploitation of existing data and adaptation of existing obsé@ng systems
(Reseach and Technological Deelopment Priority 2.4.1)

ERA-40is aimedexplicitly at betterexploitationof the observationatlatasetsamassedjlobally over
more thanforty years.It will integrateconsistentlymeasurementsf varying accuracyfrom a wide
varietyof in situandremotely-sensingstrumentgo producehecomprehensivglobalsetsof analyses
neededy thegeneraresearcheit will alsoprovidefeedbaclon estimatedrendsandvariability in the
performancef individual observingsystemspf potentialvalueto thoseworking morecloselywith the
datarecord from eachindividual system.Information will also be provided on the impact of the
development of the observing system on the quality of the analyses.

4.2 Climate change pediction and scenarios
(Reseach and Technological Deelopment Priority 2.1.3)

ERA-40 productswill provide a primary basisfor assessmendf seasonalpredictability and the
developmentof improved seasonalforecastingsystems.They will provide more extensive and
significantlyimproveddatasetsfor usein studiessuchasDEMETER thatextendthoseundertakerin
the EU-funded PROVOST project, which utilized ERA-15 analyses.

ERA-40 analysesarelikely to be widely usedfor the validationof global climate-simulatiormodels.
They will also be useful for the validation of the high-resolutionregional modelsthat have been
developedo studylocal impactsof climatechangeBy driving suchmodelswith a long sequencef
high-quality boundaryvaluesfrom ERA-40 analysesthe ability of thesemodelsto simulatelocal
featurescanbe determinedy comparingmodelvaluesof parametersuchaslow-level temperaturer
precipitation with detailed station records.

ERA-40productsshouldalsoproveinvaluablein the emergingdfield of searchindor thefingerprintof
global changein the climate record. Climate models predict characteristicchangesin the vertical
temperaturerofile which dependon latitudeandseasonThesefingerprintsarecurrentlybeingsought
in the radiosonderecord, but it will also be possibleto usethe ERA-40 dataas a sourcefor such
comparisonsPreviousre-analysediavein particularachievedsomesuccessn the depictionof the
coolingtrendin thelower stratospherendthelongerrecordandaccompanyingzonefieldsfrom ERA-
40 shouldhelp in the elucidationof the mechanismsnvolved. The re-analysisfields will also find
importantapplicationsn studiesof low-frequencyvariability, particularlythemarkedchangeshathave
occurredovertheNorth Atlantic overthepastforty yearsJeading,for exampleto asubstantiaincrease
in mean wave height at a number of locations.

4.3 Stratospheric ozone depletion
(Reseach and Technological Deelopment Priority 2.1.2)

ERA-40 will build on pastinvestmentof the EU in the SODA project, which has facilitated the
developmenbf aEuropearcapabilityfor theassimilationof ozonedata.Theozoneanalysegor thepast
twentyyearswill reflecttrendsinherentin TOVSradiancedataandin TOMS andSBUV dataproducts.
Theywill coverthe periodfor whichthe NIMBUS-7 TOMS datarecordedhe appearancef theozone
hole over Antarctica, and the periods of intensive measurementampaignssuch as EASOE and
SESAME which receivedsignificant EU funding under earlier programmesThe ERA-40 datawill

providea backgroundor developmenbf improveddataassimilationsystemsor ozoneandfor more
detailed studiesof its sources,transportand sinks, using chemistry-transportnodels (CTMs) for
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example Theywill alsosupportstudiesto preparefor the exploitationof datafrom ENVISAT andthe
EOS series of satellites.

4.4 Atmospheric composition change
(Reseach and Technological D&elopment Priority 2.1.1)

ERA-40will provideacomprehensivd0-yearrecordof thetemperaturendwind fields necessaryor
driving the CTMs usedto studythe distributionof the chemicalspecieswvhich influencesurfaceUV-
levels, air quality and climate. It will use a data assimilationsystemthat will produceadditional
information such as convective mass-fluxes,precipitation rates and vertical diffusion for which
chemistry-transport modellers have clear requirements.

4.5 Contributions to other objectives

ERA-40datawill facilitatestudiesof themechanismandpredictabilityof themajorepisode®f drought
overthe pastfour decadesandstudiesof the flooding of largeriver basinssuchasthe Mississippiand
the Rhine. Their potential use as boundaryvaluesfor higher-resolutionregional models could be
particularly usefulin this context.As such,they will contributetowardsResearcltand Technological
Developmen®riority 1.5.2(Improved flood and drought forecasting) andthe GenericActivity 1.1.2
(Floods and hydrological risks)

ERA-40will generatea forty-yearglobal climatology of oceanwaves,which will contributetowards
Researchand TechnologicalDevelopmentPriority 3.4 (Operational forecasting of environmental
constraints of offshore activities)

5. COMMUNITY ADDED V ALUE AND CONTRIB UTION T O EU POLICIES

Thereis a major andessentiaEuropeandimensionto ERA-40. The projectbuilds upona substantial
Europearandworldwide investmentin operationabndresearchmeasurementsf the atmospherand

in researchinto methodsfor their analysis.It builds also upon a substantialadditional European
investmenitn the infrastructurefor dataprocessingarchivinganddisseminationERA-40will supply

basicdatasetsandsupplementarinformationthatareafundamentatequiremenbf researcho address
environmentalproblemsof global concern,in which Europein particularhasa keeninterestand a

capability for world leadership in achieving solutions.

ERA-40is ademandingprojectthatcanbeachievedn thetime scaleandwith theresourcesdentified

in thisdocumenbnly by virtue of its executiorata Europeanevel. Indeed ECMWF wasitself founded
in recognitionof the needfor Europeanintegrationto ensureeffective progressand Europe-wide
deliveryof benefitsin theprocessingf globalmeteorologicabbservationandthe productionof global

weatherforecastsOnly alimited numberof nationalEuropeannstitutionshavea capabilityfor global

weatheranalysisandECMWEF is uniquewithin Europein its experienceof re-analysisjn the quality

and range of its products,in its technical facilities for the processing,archival, retrieval and

disseminatiorof data,in its holdingsof thenecessargbservationatiataandin its preparatiorfor anew

re-analysis.

AlthoughECMWF hasa centralr6le in the project,very considerableddedvalueis providedto ERA-
40 by the othermembersof the consortium.NCAR hasalreadyprovidedits uniqueholdingsof past
observationgo enablethe period of ERA-40to be extendedbackto 1957.More generally,the other
partnersbring to the projecta combinedexpertisein validationandapplicationsfar broaderthanthat

38 ERA-40 Project Report Series No.1



Coe- The ERA-40 Project Plan

possessedthy ECMWEF alone, as detailed elsewherein this Plan. This expertisehas already been
exploitedin thedetailedplanningof theproject,andwill beutilizedin broadeninghemonitoringof the
ERA-40 analysesaandin carryingout validationandrepresentativapplicationstudies.This will help
ensurethe basicquality of the analysesandwill promoteinformeduseof themby providing evidence
of their strengthsandweaknesseandof their suitability for a rangeof further studies manyof which
will be in support of the specific aims of the Fifth Framework Work Programme.

The observationdo be usedas input to ERA-40 were madeas a result of a considerablesustained
financial investmentby many countriesof the world over severaldecadesThere hasalso beena

substantiaEuropearinvestmento build up the infrastructurefor operationalglobal dataassimilation
and forecastingat ECMWEF. A significant investmenthas beenmadeby NCAR in the collection,

processingandsupplyof the historicalobservationatiata,andby ECMWF, the supportinginstitutions
and other partnersin this projectin preparingthe observationsand dataassimilationsystemfor the

productionphase The primary outputdataof ERA-40,togethemwith the additionaldatarelatingto the

observationsised will represensubstantiabddedvalueproducedat a relatively smalladditionalcost.

ERA-40will in particularaddvalueto thefield-experimentdatawhoseinterpretatiorandexploitation

will benefitandin manycasederevitalizedby the availability of ERA-40products Collectionof these
data has in many instances been supported by European funding.

The contributionof ERA-40towardsmeetinga numberof Researctand TechnologicaDevelopment
priorities of the Fifth Framework Work Programmein Energy, Environment and Sustainable
Developmenhasbeensummarisedh theprecedingection Relevancavasindicatedn particularto the
topics of stratosphericmzonedepletion,climate changepredictionsand scenariosand atmospheric
compositionchangeAs such,ERA-40will provideakey resourceandpromotestudieswhichwill lead
to better-informedEU policiesin supportof the Montrealand Kyoto Protocols,andwill addto the
sciencebasewhichwill beessentiafor theadoptionof newProtocolsasrisksandconsequencen these
areasbecomeclearer.lt will alsoprovidea resourcefor researctin supportof the UN Conventionto
CombatDesertification. ERA-40 will strengtherthe contributionthat Europecanmaketo the World
Climate ResearchProgramme,its CLIVAR, GEWEX and SPARC projectsin particular, and the
InternationalGeosphere-BiospheRrogrammeparticularlyits BAHC project. ERA-40will contribute
towards meeting Europe’s needfor climate prediction and scenarios ERA-40 datawill also find
importantapplicationsin chemical-transponnodelling and may therebysupportthe developmenbf
protocols under the Convention on Long Range Transboundary Air Pollution.

More generally therearefew aspect®f life thatareunaffectedoy weatheror climate.Soundong-term
EU policiesfor agriculture fisheries,energy transportand health,aswell asenvironmentmusttake
accountof the potential for changesin air-quality, weatherand climate. The primary test of any
physically-basedsystemfor predicting future changesmust be its ability to reproduceand help
understanghastchangesERA-40will definebetterthe stateof theatmospherandoceanoveraperiod
which, for example hasseena pronouncedthangen atmosphericirculationcharacteristicoverthe
North Atlantic andin the associate@ceanwavesandoceancirculation,with consequenimplications
for fishery, shipping and off-shore energyactivities. Relatedchangesin the distributionsof wind,
temperatur@ndprecipitationover Europehaveimplicationsfor agricultureandair quality. The period
of ERA-40alsoencompassédsvo extremeandseverabtherinstance®f the El Nifio phenomenonyith
its major social and economicimplications, particularlyin the tropics. ERA-40 will provide a major
databasefor the developmentof seasonalforecastingsystems,enablingin due course a better
preparedness in the development and implementation of shorter-term foreign-aid policies.
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ERA-40 will also provide information to assistthe formulation of future Europeanpolicies for
maintenancanddevelopmenbf the observingsystemaeededo monitor climateandto providethe
startingpoint for predictionsof climatechangelt will provideevidenceof the evolutionof the quality
of individual componentsf the pastandpresenglobalobservingsystemhroughthefeedbackstatistics
producedduring the dataassimilationprocessFurthermorethe overlapexperimentill quantify the
impactof major changego the observingsystemon the global analysesparticularlythe impactof the
satellite-basedomponentshathavebeenprogressivelyntroducedduringthepastthreedecadedt will
also be possibleto quantify the impact of the fixed OceanWeatherShipsthat providedimportant
coverageof the North Atlantic in the periodbeforedatafrom commerciakircraftandsatellitesbecame
available.ERA-40 will provide comprehensiveatmosphericdata setswhich will be invaluablein
assessinghe likely utility of proposeduture instrumentsAn understandingf the importanceof the
variousexistingcomponentf the observingsystemand of the likely benefitsof new components,
especiallysatellite-borne&eomponentsis vital for the soundeconomicplanningof thefutureintegrated
observingsystemERA-40will helpto enhanceherdlethatEuropecanplaywithin world agenciesuch
as the Global Climate Observing System (GCOS) and the Global Ocean Observing System (GOOS).

Thereis a specificneedfor documentatioranddisseminatiorof the importanceof microwaveremote
sensingn particular.Thereis substantiatommercialpressurdor wideningthe spectrabandsthatare
allocatedo therapidly expandingelecommunicationsidustry,encroachingn thefrequenciesisedto
sensgheatmospherandsurfaceconditions.Observingsystemexperimentsuchasplannedfor ERA-
40haveanimportantapplicationin providinginformationto helpformulateandsupporthesubmissions
of governmentsand other bodiesto the World Radio Conferencethe internationalforum for world
agreement on the use of radio frequencies.

6. CONTRIBUTION T O COMMUNITY SOCIAL OBJECTIVES

6.1 Quality of life, health and safety of the citizens

ERA-40 will help to improvethe quality of life and healthand safetyfor the European(and world)
citizenathomeandabroad.The overall quality of life will benefitin generalfrom the significantréle
ERA-40hasto playin thepreservatiomf theenvironmentgainstetrimentathangediscussedurther
below. Thereare serioushealthconcernsoverthe depletionof the stratospherimzonethat providesa
shieldfrom the harmful effectsof ultra-violetradiationandoverdirectly damagingeffectsof breathing
air of poorquality. Pastre-analysiglatahasbeenutilized for studiesof themeteorologicandchemical
processesnvolved. The increasedrange, variety and accuracy of productsfrom ERA-40 will
significantly enhance the benefit that can be gained from such studies.

Theincidenceof diseasénasa dependencen weatherandclimate,andheretoo thereis benefitto be
gainedfrom the applicationof ERA-40data.For example studiesof the incidenceof diseasesuchas
malariaand meningitisin the tropics haverelied on useof inadequateclimatologiesfrom individual
land-basedobserving stations. Adaptation of such studiesto use re-analysisdata to study past
fluctuationsin diseasaateswould be a preludeto exploiting datafrom seasonalorecastingsystemdo
targetpreventativemeasure®n thosemostat risk. Improvedcrop forecastanay similarly be derived
from the application of re-analysisdatain the developmentof crop-yield modelsand from the
subsequeniseof dataof similarformatfrom seasondiorecastingsystemsApplicationstudiesn these
areasareplannedaspartof the DEMETER seasonal-forecastimgojectfundedby the Fifth Framework
Programme. This is in addition to the crop-model application included in WP4800 of this plan.
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It hasbeennotedearlierin this planthatERA-40datahaveardleto playin thestudyof floods,droughts
andlongertermhydrologicalchangesall of which haveconsequencdsr the quality of life, healthand
safety.More generally themanylessongo belearntfrom productionof the ERA-40analysesfrom the
observingsystemexperimentsfrom the improvedexploitationof field-experimentdata,andfrom the
seasondbrecastingexperimentshatwill exploitERA-40data,will contributetowardsanimprovement
in weatherforecastingon a rangeof temporalandspatialscaleswith consequensocialandeconomic
benefits to the users of the forecasts.

The ERA-40 analyseswill lead to improved understandingof the nature and predictability of

fluctuationsin the atmosphericirculation over the decadaltime scale,and of relatedfluctuationsin

ocean-waveand ocean-circulatiorcharacteristicsThis will be of relevancefor improvedlong-term
managementof fish stocks and agricultural development.Better and more readily applicable
climatologicalknowledgeof atmosphericonditionsandsea-statshouldyield further socialbenefits,
through improvementsin areassuch as rain-sensitivemobile telecommunicationgeception and
transportsafetyregulationsindeed,despiteits known deficienciesthe precipitationandwater-vapour
climatology from the earlier Europeanre-analysis ERA-15, has beenadoptedby the International
TelecommunicationdJnion as its recommendedasisfor the calculationof atmospheridossesin

microwave telecommunicationsignals, replacing a standard based on general climatological
classifications. Demand for an improved standard such as can be supplied by ERA-40 is high.

6.2 Ervironment and natural resouices

ERA-40 will assistin the preservationof the environment.lt will provide the most accurateand
comprehensiveynthesiof the observationatiatabasehat can currently be constructedo recordthe
presentstateof the global environmentandthe changeshathaveoccurredoverthe pastfour or more
decadesilt will serveasa baselineor climatenormfor future assessmerdf changeto the large-scale
environmentERA-40will provideimproveddatafor validationof the atmospherigeneralcirculation
modelsthat are usedto simulateandunderstandecentclimate fluctuationsandtrends,andto predict
futurelarge-scalenvironmentathangeEnvironmentabenefitmayderivefrom applyingERA-40data
in studiesto improve the use of weather-sensitiveenewableenergyresourcesand as input datafor
environmentaimpactstudiesat global, regionaland nationalscale. ERA-40 will be a vital nextstep
towardsa muchexpandedapabilityfor environmentamonitoring, with the potentialuseof multiple
futuresatellitesensorandmoreadvancedlataassimilatiorsystemso provideestimate®f theevolving
global distributions of greenhouse gases and pollutants.

Anothertype of applicationof ERA-40datawill bring furtherunderstandingf environmentathange,
andcontributeto environmentapreservatioror enhancemenERA-40will providethebasiclongtime-

seriesof reliableatmospheridataneededo drive specialisednodelsof the processesvolvedin the

evolutionof environmentatomponent®n annualanddecadatime scaleslt will thusfacilitate many
detailedstudiesof componentsuchasstratospheriozone chemicaltransporin thetropospheresoil-

vegetation-atmospherynamics,catchment-basirydrology, glacial extent,and snow and sea-ice
cover. Provision of the atmosphericforcing of detailed oceanmodels,for exampleto study the

atmosphere-oceaaxchangeof carbondioxide, is anotherimportant application. Establishingthe

capabilityof processnodelsto reproducevariationsover the pastforty yearsis vital for assessinghe

confidencethat can be placedin the predictionsof such modelswhen forced by putative future

atmosphericconditions derived from general circulation models. Comparisonof analysis-driven
process-modebutput with independenbbservationds includedin the validation and exploitation

component of ERA-40.
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6.3 Employment, education, training and wrking conditions

ERA-40will makethe heterogeneousndexpensivelyaccumulatesbservationatiatabasavailablein
a synthesizedglobally gridded form that can be utilized by the many membersof the scientific
communitywho cannotmakeeasyuseof therawinstrumentallatafrom the manyobservingplatforms.
In particular there-analysiglatawill bereadilyusableby researclstudentandgraduatdraineesit will

also provide a rich source of general educational material.

ERA-40 will contribute towards the developmentof skills and employmentin Europe. The
comprehensivgriddedanalysegoveringbothtropospherandstratosphereveraperiodof morethan
forty yearswill broaderthe applicability of climatologicaldatain manyareasof activity, andleadto a
work forcein researctanddevelopmentvith enhancedkills in the utilization andexploitationof such
data.

Apartfromthegeneratlevelopmenof skills, ERA-40will provideopportunitiedor enhancegrovision
of climatologicalservicesn the globalmarketplaceA particularexampleconcernghe climatologyof

oceanwaves soundknowledgeof which, especiallyof the probability for extremesea-statess of vital

importancdor marineengineeringThemulti-decadatlimatologyof oceanvavesresultingfrom ERA-

40shouldfind numerouspplicationsn shipdesign shiprouting,coastaprotectionharbourdesignand
oil exploration.Thebenefitswill belargestfor the poorly-observedbutincreasinglyexploited)regions
for which the ERA-40 results will be the most complete source of information available.

Improved knowledge of past fluctuations and trends in weather and climate, and consequent
improvementsn prediction,will enableindustryto improveits planningfor the supply of the many
productsfor which demandis weather-sensitiveA more efficient useof naturalresourceswill be a
further consequenceRefinementof estimatesof future climate changemay allow industry and
employmentto avoid suffering from unnecessarilycautiousand restrictive policies developedin
response to “worst-case” scenarios.

7.ECONOMIC DEVELOPMENT AND SCIENTIFIC AND TECHNICAL PROSPECTS

Therewill be substantiabxploitationof the resultsof ERA-40 by the partnersn this proposalbeyond
thespecificstudieghatwill beundertakemunderthevalidationworkpackagesrhecentralrélesthatthe
partnergplay within their nationalcommunitiesandthe wider scientificcommunitywill helpfurtherto
promote the application of the data.

ECMWEF will exploitwidely theresultsof ERA-40andthe experiencegainedin the productionof the

analyseslts principal direct use of the productsof ERA-40 will be in its programmeof seasonal
forecasting.Plannedwork in this areaincludesstudiescoveredby the DEMETER projectsupported
underthe Fifth FrameworkWork ProgrammeThe UK MeteorologicalOffice and Météo-Francere

also partners in DEMETER.

ECMWFwill makespecialuseof the ERA-40productsatthetimesof thefield campaignshataremost
useful for the developmenibf its forecastmodel. This will include the productionof new, higher-
resolutionanalysedor the periodsof interest ECMWF will usethe ERA-40 analysedo validatethe
extendedntegrationst performsto assestherealismof the climateof its forecasimodel.lt will exploit
the information gainedasto the réle of specificcomponent®of the observingsystemin planningits
programmeof researchandin the feedbackit providesto dataproducersthe meteorologicakatellite
organizationsn particular.In addition,ECMWF will addres&nyweaknessein the performancef its
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data analysisand assimilatingmodel revealedby ERA-40, to the benefit of the accuracyof the
operational medium-range forecasts it issues to its European Member States.

The ERA-40productswill beusedat MPIfM for awide rangeof purposegoncerninghevalidationof
climate modelsand for diagnosticstudies.MPIfM works in co-operationwith the GermanClimate
ComputingCentre(DKRZ), whichis thefocal pointfor climateresearctor manyinstitutesin Germany
andneighbouringcountries By makingthe ERA-40dataavailableto their partnersjnvestigationswill
beinitiatedwhich havenot previouslybeenaddressablbecauselimateresearcmeedgime seriedata
thatarelargelyunbiasedndthatcovera periodof severaldecadeslt will beaprimetaskof MPIfM to
examingheERA-40dataandto detectpossiblebiasesThereis agrowingneedo investigateheimpact
of climate variability on society,and hydrologicaldatawill be especiallyimportant,for examplethe
availability of freshwaterfor humanconsumptionglimatein relationto flooding, etc.. Forty yearsof
re-analysigata,which will for thefirst time be sufficiently comprehensiveyill enablesuchstudiesto
be undertaken.

The UK Meteorological Office will usethe ERA-40 productsin work on clear-skyradiation and
seasondiorecastingasdiscusse@bove In addition,awide rangeof variabledrom there-analysiwill
beusedin detailedevaluation®f the performancef the Unified Forecast/Climat®&odel. Resultsfrom
ERA-15 are already used extensively for this purpose.

Météo-Francewill continueto exploit ERA-40 data with respectto snow-relatedstudies,ozone
chemistry, air-sea interaction, predictability, marine forecasting, and seasonal forecasting.

KNMI will exploitthe resultsfrom thewavemodelin the courseof its climate-changestudies During
theEC-fundedWASA projectKNMI lookedatchange®f North Atlantic waveheightsthatmightresult
from increasedatmospheridevels of greenhousaeyases.One of the problemsin that study was the
poorly-knownnaturalvariability. With the availability of a forty-year climatology of oceanwavesa
betterestimateof thatvariability canbe obtained Furthermorethe studycanbe extendedo the global
scale.The wave datafrom ERA-40 will be usedas a high-quality referencein the frameworkof an
INTAS-fundedcollaborationwith SOC (SouthamptonandIORAS (Moscow)to assesshe quality of
different sources of wave-height estimates.

NCAR will provideERA-40datato academicustomerswithin the USA, andwill continueto exploit
the datawithin the Climate Analysis Sectionin their effortsto increaseunderstandingf atmospheric
and climate variability and climate change.

Exploitation of resultsat UREADMY will be throughreports,publishedpapersand presentationst
conferencesand workshops.ERA-40 analyseswill be usedfor the validation of climate models,
particularlytheUKMO Unified Model. UREADMY is activelyinvolvedin AMIP 1l andwill exploitthe
resultsin the variousAMIP Il DiagnosticSub-projectsn which it playsa leadingréle (e.g. Tropical
Variability, Monsoons).UREADMY is coordinatinga monsoonproject called “Predictability and
variability of monsoonsandthe agriculturalandhydrologicalimpactsof climatechangg PROMISE)”
which alsois fundedunderthe Fifth FrameworkProgrammeThe projectwill makeextensiveuseof
ERA-40 for validating climate and seasonaprediction modelsand for driving crop modelsfor the
impactstudies Wider useby membersf UGAMP is expectedo follow the patternof useof ERA-15
by UK Universities and Research Institutes, discussed below.

EUMETSAT, ESA and other satellite operatorswill have the opportunity to exploit the feedback
producedwith respecto thequality of their data.Theywill alsobeableto useERA-40productdor the
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developmenbf improvedproducts,andfor the re-computatiorof historic productsto improve their
quality.

The customerpotentialand interestin ERA-40 productsmay be gaugedby the scaleof the current
demandor the ERA-15data.Thesedatacanbe accessedirectly by ECMWF andits MemberStates
throughanon-linearchive.ln the 11-monthperiodending31 March1999,theretrievalsystensatisfied
requestor ERA dataat anaverageateof almost25,000per month.86% of theserequestsverefrom
the MemberStates.The MemberStatesexploit the datawithin their own country,andareresponsible
for meetingthe needsof their nationalgovernmentsandcustomersin addition,the ERA-15datahave
beenmadeavailableto meetnationalneedsthroughthe British AtmosphericData Centre(BADC),
MPIfM, andNCAR. TheECMWF DataServicesupporinon-Europeasustomersandhavecompleted
in excesf 180 largeordersfor ERA-15 data.A referencedatasetof selectedupper-airand surface
fieldsatstandardaesolutionhasbeemmadeavailableon CD-ROMs,12000f which havebeendistributed
worldwide. The datadisseminatiorstrategyfor ERA-40will build onthis successwith the production
of awiderrangeof specialisdatasets which canbe providedon newmediasuchasDVD andthrough
a web-based data service.

As anexampleof the extentof nationaluseof re-analysesatotal of 99 researclprojectsin the UK had
beensupporteday the provisionof ERA-15 analysesy the BADC within a yearor so of production
beingcompletedTheseprojectscovereda wide rangeof applicationsmanyof themidentified earlier
in this documentas benefitingfrom the availability of re-analysesThey compriseddiagnosisof the
atmosphericgeneral circulation, regional circulations and weather systems,validation of general
circulationmodels,chemicaltransport-modellingand dataassimilation,oceancirculation modelling,
interpretationof independensatellitemeasurementgndstudiesof sea-ice atmosphericomposition,
hydrology,radio refractivity andlocal air quality. The greatertime-range yvertical extent,variety and
accuracyof the productsof ERA-40 are expectedo lead both to an evenmore intensiveuse of re-
analysisdatain areasof previousapplication,andto innovativeapplicationsvhich widenthe rangeof
utility of the data, leading to the policy-support and social and economic benefits discussed earlier.

All the nationalmeteorologicakervicesof the MemberStatesof ECMWF will havedirectnetworked
accesso thecompletesetof ERA-40data.Theyactasagentdor their NationalGovernmentswho are

majorcustomergor weathemndclimateinformation,andthroughtheir Membershipf WMO andtheir

participationin WCRP, GCOSand GOOS, act as agentsfor thesecustomersalso. TheseEuropean
meteorologicakerviceswill bewell-positionedto exploit the full setof productsin meetingthe needs
of thesemajor nationalandinternationalcustomersExperiencewith respecto the exploitationof the

ERA-15 analysesprovidesassurancéhat theseand other customerswill extracta very substantial
benefit from ERA-40.

8. THE PARTNERS

8.1 European Cente for Medium-Range Weather Forecasts (ECMWF)

ECMWEFis aninternationalbrganizatiorsupportedy eighteerEuropearstatesandwith co-operation
agreementwith severabtherEuropearstatesEUMETSAT andWMO. It is responsibldor producing
operationalglobal dataanalysesand medium-rangdorecastdor its MemberStatesandundertakes
comprehensiv@rogrammeof researcho ensurethe continueddevelopmenandimprovementof its
productsECMWF hasactivegroupsof researchergorking onthedevelopmenof atmospherienodels
and on dataassimilationmethodswith a specialemphasison the variationalassimilationof satellite
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data. ECMWEF also has a researchprogrammeaimed at the developmentof seasonaforecasting
techniques.

In Septembel 996 ECMWF successfullycompletedafifteen-yeare-analysiSERA-15),from 1979to
1993,usinga one-dimensionalariationalanalysissystemfor satelliteradiancesoupledto anOptimal
Interpolation analysissystem.This project demonstratedtlearly the benefit of the assimilationof
satelliteradiancedata,andwasableto illustratethatatwo-satellitesystenmcould producebetteranalyses
thana one-satellitesystem ERA-15 alsoprovidedclearevidenceof the improvemenin quality of the
cloud-motiorwindsproducedy theoperator®of thegeostationaryneteorologicasatellitesoverthere-
analysisperiod, and identified scopefor further improvement.The ERA-15 analyseshave found
widespreadpplication,asdiscussedurtherin section7. The ProjectManagerdesignatedor ERA-40
was a seniormemberof the ERA-15 productionand diagnosticteam,and much of the expertisehe
gained from ERA-15 will be carried forward into management of the ERA-40 project.

ECMWEFis equippedvith themostadvancedupercomputergasttelecommunicationknks, powerful
workstationserversanduniquefacilitiesfor datahandlingandarchivesFuijitsuLtd, thecurrentsupplier
of supercomputeservicesto ECMWF, has made available additional computerresourcesfree of
charge, especially for re-analysis and related activities.

Support for the validation of the ERA-15 analyseswas provided by the EU. Other EU-funded
environmentalprojectsin which ECMWF has beeninvolved are CLAUS, CLOREVAL, DUACS,
EUCREM, EUROTRMM, PROVOST and SODA.

The Headof Researctof ECMWF will actas ERA-40 ProjectCo-ordinator.The Head of the Data
Division in the ResearctDepartmenwill actas ContactPoint, and provide overall supervisionand
guidance.The ERA-40 ProjectManagerwill be a highly experiencedtonsultantfundeddirectly by
ECMWE

8.2 Max-Planck-Institut fir Meteor ologie (MPIfM)

The Max-Planck-Institutdor Meteorologyin Hamburg(MPIfM, or MPG.IMET) is oneof theleading
institutesfor climateresearclin Germanyandhasalongexperiencén developingandapplyingclimate
models.MPIfM atmosphericpceanicand coupledmodelsare run in climate and forecastmodein
different combinationsand are appliedin studiesof interannualto decadalclimate variability and
predictability. Model resultsare diagnosedandusedfor further processingt manyresearchnstitutes
aroundtheworld. MPIfM hasparticipatedsuccessfullyn manyEU-projects MPIfM hasconsiderable
generalexperiencen diagnosisof the hydrologicalcycle, andhasparticularexperienceof comparing
the representation®f the hydrological cycle provided by existing re-analysesMPIfM cooperates
closely with the German Climate Computer Centre (DKRZ).

A seniorscientistfrom MPIfM will be directly responsibldor this project,underthe Director of the
Departmenfor Model Developmentat MPIfM. He will be assistedby a scientistfrom MPIfM, with
support provided by a member of DKRZ.

8.3 The Meteoplogical Office (UKMO)

The MeteorologicalOffice is the nationalmeteorologicakerviceof the United Kingdom, providing an
extensiverange of weatherforecastsand other servicesfor the public, the armed services,other
governmentlepartments;ivil aviationandawide rangeof othercustomersAdvice to thegovernment
on climate changeis providedby the Hadley Centrefor Climate Predictionand ResearchA Unified
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Forecast/Climatenodelis usedto supportbothmeteorologicahndclimatepredictionactivities,backed
by about 250 researchstaff. The work is supportedby an extensivecomputingsystemincluding a
massively parallel supercomputer and a large number of workstations.

The Headof Unified Model Parametrizationwill leadthe validationof ERA-40 productswith respect
to clear-sky radiative fluxes. One other member of staff will perform the simulations and the
comparisons between clear-sky longwave fluxes and data from ERBE, ScaRaB and CERES.

8.4 Météo-France

Within Météo-Francethe National Centrefor MeteorologicalResearcHiCNRM) is the department
responsibléor conductinghelargestpartof themeteorologicatesearclactivities,andfor coordinating
research/developmeunndertakingeonductedvithin otherdepartmentsrimarily orientedtowardsthe
needsof public utility in the domainof meteorologythe researchactionsencompasshe atmosphere,
extendingo, andincluding,closelyrelatedfieldsandboundariessuchasstratospheriozonechemistry,
upperoceanphysicsanddynamicsof thesnowcover,surfacehydrology,etc..To carryoutits missions,
CNRM hostsapproximately225 permanentpositions (one-third being researchscientists),and 45
studentsandvisitors,working in specializedlivisions.Two of thesedivisionswill bedirectly involved
in the ERA-40 project. The first is the snow centre CEN (study of snow mantle, techniquesand
methodologiesssociatedvith the forecastingof avalanches)situatedin Grenoble.The seconds the
climate group GMGEC (physical processesfor climate, ozone, long-range forecasting, climate
evolution, developmentand managemenbf the atmospherigart of the Frenchcommunity climate
model, etc.), throughits Middle AtmosphereResearchlTeam(ERAM) and Air-Sea ExchangeTeam
(MEMO), located in Toulouse.

Themainareadnvestigatedn the pastby the CEN teamincludephysicalandmechanicapropertieof

snow, snow cover modelling, and interactionbetweensnow and the atmospherelnvestigativetools
availableincludethe physically basedsnowmodel CROCUSandthe meteorologicabnalysissystem
adaptedo the mountainousenvironmentSAFRAN. CEN alsomanageshe Frenchsnowdatabasein

addition they have coupledthe snow model CROCUSwith the Météo-FranceARPEGE GCM and
participated in the validation of the ERA-15 re-analyses.

The ERAM teamof the CNRM hasa long experienceof stratospherianodelling, with dynamical
(ARPEGE GCM) as well as chemistry-transport(REPROBUS) models. It developed the
parametrizatiorfor the computationof ozonephotochemicakourcesand sinksthat will be usedby
ECMWEFin its dataassimilatiorsystenfor ERA-40.Recently theteamhasbeeninvolvedin European
campaign§EASOE,SESAME,...)studyingthe ozonechemistryin the arcticregions.lt hasalsobeen
involvedin severalEuropeamrojectsconcerningvariousaspectof stratospherienodelling: TOPOZ,
SODA, EuroGRIPS, AEROCHEM.

In additionto this modellingaspectthe ERAM teamis alsoactivein thefield of ozonemeasurements,
beingin chargeof the constitutionandmaintenancef thedatabankfor the EU’'s MOZAIC projectand
producing daily global total ozone maps from TOVS data.

The MEMO teamat CNRM specializesn air-seanteractionstudiesandhasexperiencen oceanicand
atmospherienodellingat the mesoscal@ppliedto ocearfield-experimendatasets PREVI/MAR, the
marineforecasteamof SCEM (ServiceCentralD’Exploitation dela Météorologie)js in chargeof the
AVISO service and the MERCATOR project (operational oceanography).
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Theheadof thesnowphysicsandsnowmodellingteamat CNRM, will beresponsibldor thevalidation
concerning the snow cover in the Alps.

An experiencedcientistwill bein chargeof the analysisandvalidationof the ozonefields produced
during the ERA-40 project,with assistancéor the datahandlingof the ozoneproductsprovidedby a
second staff member.

Theheadof the MEMO teamandthe deputydirectorof PREVI/MAR will bejointly responsibldor the
validation of oceanic surface fluxes.

The headof the climatedivision will contributeto the validationof oceanicfluxes andcoordinatethe
whole activity of Météo-France for the project.

8.5 Royal Netherlands Meteoological Institute (KNMI)

KNMI is thenationalmeteorologicaserviceof theNetherlandsandhasalongtraditionof researclinto
the atmosphere and the ocean.

Researclon oceanwavesstartedn the 1950sand1960swhenGroenandDorresteindevelopednanual
waveforecastingmethods.Thesemethodswere usedfor ship routing applicationsuntil 1988. KNMI
alsoparticipatedn Jonswapthe first majorinternationalwave measurementampaignin the 1970s
SandersdevelopedGONO (Golven Noordzee),one of the first secondgenerationnumericalwave
predictionmodels.This modelwasusedoperationallyto forecastwind seaandswell at the North Sea.
Laterit wasalsoimplementedor the SouthChinaSea.ln the early 1980sGONO wascomparedvith
othermodelsin the SWAMP (SeaWave modellingproject)study.As a resultof this intercomparison
the WAM group (foundedon the initiative of Klaus Hasselmanrand chairedby GerbrandKomen)
startedo developa so-calledhird generatiorwavepredictionmodel. This model,the WAM modelhas
now beensuccessfullymplementedn manyoperationabndresearcttentresThe modelis described
in detailin “Dynamicsand Modelling of OceanWaves” (Komen, et al. 1996). At KNMI the WAM
modelis usedto predictwavesin the North Seaupto 36 hoursaheadECMWF couplesghe modelwith
its atmospherianodelto produceoperationallO-daywaveforecastsandwill usethis coupledsystem
for ERA-40. Recently KNMI has beenactive in studiesconcerningthe role of wavesin air/sea
interaction;assimilationof waveobservationsn wavemodels;inversewavemodelling;decadalwave
climate variability; and the possible effect of £dbubling on the wave climate of the North Atlantic.

KNMI alsohasan extensiveprogrammeof researctinto ozone.lt hasa globaltracertransportmodel
which includesan advectionand a chemistry module and is coupledto the analysedfields from
ECMWEF. It alsohasa two-dimensionablobal ozonetransportmodel,which is beingusedto produce
global analyses of total ozone.

The Head of the OceanographyGroup of KNMI will coordinateKNMI's contributionto ERA-40,
assistedy two staff membergroviding scientificandtechnicalsupport.The waveanalysiswork will
be carriedout by a scientistsupportedy the EU funding. The Headof the AtmosphericComposition
ResearcIbivision andtheworking groupleaderof AtmosphericCompositiorModellingwill contribute
to the ozone validation.

8.6 National Center br Atmospheric Reseach (NCAR)

The National Centerfor AtmosphericResearchNCAR) is a leading institute for researchon the
atmosphereglimatesystemandoceanin the USA. It undertakesesearchin manyareasTwo sections
within NCAR will contributeto ERA-40 - the DataSupportSection,which is alreadyassistingn the
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preparatiorand provisionof the observationsandwhich will subsequentlyassistwith the delivery of
datato customers,and the Climate Analysis Section,which will provide validation support,and
subsequently evaluate and exploit the ERA-40 products.

Many observationatlatasethavebeengatheredandpreparedy theDataSupportSection. Thedatasets
of surfaceandupper-airdatahavebeenput into fewerformatsandmanyconsistencyheckshavebeen
made.The datahavebeencombinedwith locationand elevationdataso that global analysesan be
made.Thesedatahavebeenusedin the NCEP/NCARprojectto re-analysdhe global atmospherdor
the50-yearperiod1948-1997 As time goeson, it becomegpossibleto includesomedatathatwerenot
availablein digital form atanearliertime. The dataset®f observedlatahavebeensentfrom NCAR to
ECMWF underthis plan. This groupat NCAR will alsohandlethe outputfrom ERA-40sothattheUS
research community can obtain access.

The goal of the Climate Analysis Sectionof NCAR is to increaseunderstandingf atmospheriand
climate variability and climate changethrough parallel developmentand analysisof observational,
assimilatedand model-generatedatasetsand by usingthe datasetgor empirical studies,diagnostic
analysesndmodelevaluationto documentomprehensivelthevariability, the processemvolvedand
its causes.

The comprehensivevaluationof datasetss anintegralpartof this work andthe global analysegrom
ECMWF andNCEPhavebeenusedextensivelyin NCAR’s work. A listing of datasetganbe seenon
the web at www.cgd.ucar.edu/cas/catalog.

TheHeadof the DataSupportSectionleadstheteamresponsibldor the supplyof observationsaindthe
provisionof re-analysigproductsto customerswithin the US researclcommunity. The Deputy Head
providesoverall supervisiommndguidance Sevenstaff membersareinvolvedin variousaspectof the
work.

The Headof the Climate Analysis Sectionat NCAR will bethe principalinvestigatorwith respecto
validationandexploitation,with technicalsupportandscientific backupprovidedby threemembersf
the Section.

8.7 Department of Meteoblogy, University of Reading (UREADMY)

The Departmentof Meteorologyat The University of Readingwas foundedin 1965.1t is the major
universityatmospheriscienceslepartmenin the UK. In the mostrecentGovernmentissessmentsf
both teaching and research, the Department received the highest grades, excellent and 5* respectively.

The Departmentcurrently has 16 membersof academicstaff, 50 researclhgrantfundedstaff and 11
supportstaff. About 50 undergraduatestudentsare currently registeredfor BSc degreesinvolving
meteorology and a further 60 postgraduate students are registered for research and MSc degrees.

The Departmenthas recently moved to a new purpose-builtbuilding with facilities that include
laboratoriesaindalibrary. It is situatedabout3kmfrom ECMWF and15kmfrom the UK Meteorological
Office, and has very strong links with both institutions.

The Departmenhasresearchn mostareasof meteorologyjn atmospheriphysicsandchemistry,and
in dynamicaloceanographyTheresearchethosis oneof interactionbetweerall areasof researcland
all researcherm the DepartmentHowever,the researchs sometimessiewed underthe headingsof
Regional Weather Systems (RWS) and Global Circulation and Climate (GCC)
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Under the RWS thereis researchin dynamicsof weathersystems radar meteorology,convection,
tropical weathersystemsdataanalysis,satellite estimationof rainfall, micro-meteorologypboundary
layer dynamicsand troposphericchemistry.Associatedwith RWS is the Joint Centrefor Mesoscale
Meteorologywhichincludesa UKMO groupsituatedn the DepartmentThe Departmentlsoleadsthe
Universities Weather Research Network.

In GCC thereis researchon planetaryfluid dynamics,computationalfluid dynamics,dynamical
processeqalaeoclimatenodelling,statisticaimethodsandradiationandclimateprocessesAssociated
with GCCis the Centrefor Global AtmosphericModelling, CGAM, the major coordinatingcentrefor

the UK UniversitiesAtmosphericModelling ProgrammgUGAMP). UGAMP is an inter-university
programme funded by the Natural Environment Research Council (NERC).

UGAMP’s scientific researchis driven by the needfor a betterunderstandingf the atmospherand
other componentf the climate systemin orderto reduceuncertaintiesn climate forecasting.To

achievehisend,it is essentiato knowwhattherealatmospherés like andto developnumericaimodels
thatcanaccuratelyreproduceandpredict,its behaviourUGAMP researchthereforereliesheavilyon

the useof diverseobservationatiatasetsandon experimentatiorwith anddevelopmenbf numerical
models.

A major focus of researchat CGAM targetsunderstandinghe mechanismsand predictability of

fluctuationsclimate. CGAM scientistshave mademajor contributionsto understandinghe tropical
Madden-JuliarDscillation,variationsin the AsiansummemMonsoon andtheroble of the Atlantic Ocean
in the climate system.Increasingly this researctprogrammerelies on experimentatiorwith coupled
ocean-atmosphemmodelsas well as atmosphere-onlynodels.CGAM is playing a leadingréle in

researchto establishthe extentto which climate fluctuationson seasonabnd longer timescalesare
predictableAs akey partof thisactivity CGAM is developingcollaborativerelationshipsvith adiverse
range of potential user groups, for example in agriculture and public health.

The holder of the EstablishedChair in Meteorologyin the University of Readingwill be the lead
investigatorfor ERA-40.TheDirectorand DeputyDirector of CGAM will supervisegarticularaspects
of the work.

9. PROJECT MAN AGEMENT
ERA-40 can be divided into a number of branches of activity:

1. Co-ordination (WP 1000)

2. Preparation (WP 2000, 2100, 2200, 2300, 2400, 2500, 2600)

3. Production (WP 3000, 3100, 3200)

4.  Validation and exploitation (WP 4000, 4100, 4200, 4300, 4400, 4500, 4600, 4700, 4800)

5. Dissemination, documentation and clean-up (WP 5000, 6000, 6100)
Tablesshowingthemilestonesindtheschedulingf theworkpackagebavebeernpresenteth section3.

Thefirst threeandlastbranchef activity will bethe primeresponsibilityof ECMWEF. Thevalidation
andexploitationworkpackage# thefourth branchof activity will be primarily theresponsibilityof the
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otherpartnerdn this project.A summaryof the rélesof thesepartnerdn the projecthasbeengivenin
section 3.

ECMWEF will providethe ProjectCo-ordinatorandthe ProjectManager.The ProjectManagemwill be
responsiblefor the day-to-day managemenif the project. This will include co-ordinating the
workpackagesvithin branched, 2, 3 and5, andliaising with theworkpackagdeadersassociatedavith
branch4 to ensureeffectiveprogresof theprojectasawhole. The ProjectManagemill reportto senior
managememf ECMWF andwill work (with their assistancasrequired)on the detailedplanningand
monitoring of the project, and on any problem-solving that is needed.

Work on the preparatoryphaseof ERA-40 hasreacheda very advancedstage.The progresshasbeen
made possibleby externalsupportfrom the JapanMeteorologicalAgency (JMA), the Institute of
Atmospherid?hysicqIAP), Beijing, theUniversityof CaliforniaPrograntor ClimateModel Diagnosis
andIntercomparisorfPCMDI), andFujitsuLtd., obtainedasa resultof directcontactfrom ECMWF.
Two project managemengroupshave beenconvenedan External Advisory Group and a Steering
Group.Both of thesebodiesarechairedby the ProjectCo-ordinatorthe Headof Researclof ECMWEF.

The management structure is illustrated in Figure 3.

The ExternalAdvisory Grouprepresenta broadcross-sectiomf customergor re-analysigproducts it
comprisesscientistsfrom eachpartnertogetherwith selectedscientistswho represenprincipal user-
groups such as WMO, WCRP, GCOS, UCAR, CLIVAR, and others. The Scientific Advisory
Committeeof ECMWF alsonominatesa memberof this Group.Two meetingf this grouphavetaken
placeto date.It hasprovideddirectionin drawingup the detailedprojectplan,includingadviceonthe
detailsof the productionsystemandonthearchiveof re-analysigproductslit will adviseonanychanges
deemedhecessaryo the plan, andwill contributeto the assessmertf the preliminary resultsof the
validation and exploitation tasks.

The SteeringGroup is chaired by the Project Co-ordinator.It comprisesadditionally the Head of
Operationsthe Division HeadsandProjectManagefrom ECMWF, anda representativef eachof the
remainingpartners Appropriateadvisoramay accompanysteeringGrouprepresentativedduch of the
work of this group is conductedinformally, by e-mail and correspondenceyith meetingswhere
necessarylts task is to review the planning,the preparationof the observationaldata and of the
assimilationsystem,the pre-productionrexperimentationthe productionand archiving of results,the
progress with the validation and exploitation tasks and the project documentation.

A majorstrengthof the partnershigs thatall partnersarethoroughlyexperiencedn working together.
Most are inter-connectectlectronicallythrougha dedicated high bandwidthnetwork, facilitating the
rapidexchangef informationanddata,anddirectaccesso the sophisticatedrchival/retrievabystem
to whichthe ERA-40resultswill bewritten. All partnershavehigh speednternetconnectionsSpecial
arrangementarealreadyin placefor sharingERA-40informationbetweerpartnerghroughadedicated
Internetweb site, andfor sharinglargerfiles of informationanddatathrougha dedicatednternetftp
site. Each partnerhaswell defined contactpoints, and liaison through e-mail and meetingswhen
necessarys well establishedbetweenthe contactpoints, the Project Co-ordinatorand the Project
Manager.
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10. RELATED EU-FUNDED PROJECTS

ERA-40will build on the succes®f manyearlierEU-fundedprojects.Specialreferenceso CLAUS,
EASOE,ERA-15,MOSAIC, PROVOST,SESAME, SHIVA, SODA, STOECandWASA havebeen
made earlier in this document.

ERA-40analysesvill beamajorinputto the DEMETER and PROMISEprojectsbeingfundedunder
the EU’s Fifth Framework Work Programme in Environment and Sustainable Development.

Progressn the relatedprojectsMAIA andHIPOCASwill be monitoredandappropriatdinks will be
establishedsnecessarylinks with relevantWCRP,GOOSand GCOSactivitieswill be developed,
building on those established in the preparation phase of ERA-40.
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Appendix A: Workpackages of the Peparatory Phase

Workpackage number: WP2000 Data acquisition
Start date: Month O - 24
Lead partners: NCAR, ECMWF

Obijectives and input to workpackage
The acquisition of as many meteorological observations covering the period since 1957 as possible.
Input: Historical observational data from many sources.

Description of work

NCAR hasgatheredandpreparednanydatasetsof the surfaceandupperair observationgshatarenecessar
for re-analysisthesedata,and softwareto assistin the readingof thesedata,havebeenmadeavailableto
ECMWEF.Many person-yearbBavebeeninvestedn aprogrammenf remedialwork with respecto thesehistoric
data.NCAR is continuingto develop and extendthis work, providing appropriateresults,libraries of station
histories,and additional obserationsto ECMWF. Thesedatainclude global radiosondeand radar winds,
aircraft data,early satellitedatafrom 1969 onwards,surface,and marinedata. They also include extensive
associatedibrary information,giving metadatandhistoricaldetailsof observingstationsincludedwithin the
data sets.

Softwarehasbeencheckedthatit is usableon ECMWF's computersystemsand modificationsmadewhere,
necessansincemuchof thedeliveredsoftwarewasspecificto Craycomputersalterationgo thereadandwrite
sectionof thecodeshavebeermade Dataarebeingconvertedrom Cray-specifidile formto afile formwhich
can be read by the modified software.

Files of dataare being generatedvhich canbe storedon archivemedia,and subsequentlyusedby the pre-
processing.

Thesourcedistedby Lystad(1995)relatingto radiosondenetadatarebeingusedto generateomprehensiv
historiesfor radiosondetationsOtherreferencessuchasGaffen(1993)andmaterialresultingfrom radiosonde
intercomparisonsare also being followed up. Someof this informationwill be usedin bias correctionand
blacklistcompilation.Improvementswvill be madewherepossibleto the stationinformationfor the post-1979
period currently incorporated in an archive generated from the WMO station lists.

Snow-deptldatahavebeenaugmentedby thedatarecentlymadeavailablefrom theformerSovietUnion. Other
sources of long-term snow-depth data are being investigated.

Analysisof sea-surfacéeemperaturdSST)is a specializedactivity, andECMWF will useexternalsourcesn

ERA-40.ThebestavailableSSTanalysesreconsideredo bethelatestversionof GISST(Rayneretal., 1994)
for the early years,andthosefrom Reynolds(1994)for the periodfrom Novemberl1981onwards.However,
thereareknowninconsistenciesgspeciallyrelatingto seaice cover,which it would be desirableto overcome
beforeusingthesedataasforcing fields for ERA-40. The authorsof thesedataareknownto be collaborating
andworkingto provideenhancegroductsjncludingresolutionof thesanconsistenciedt is plannedo usethe
results of this collaboration for ERA-40.

D

Deliverables
Filesof storedmeteorologicabbservations;heckedor readabilityandcompletenesdor theperiodsince1957
ordered by source and type. These data are input to WP2100.

Milestones and expectedesults
Input data for WP2100 (delivered).
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Workpackage number: WP2100 Pe-processing
Start date: Month 0 - 24
Lead partner: ECMWF

Obijectives and input to workpackage
Obijective: An archiveof decodedcheckedandre-formattedobservationgor the period since1957. Input:
Observations acquired under WP2000.

Description of work
Observationatiataneedsto be decodedand subjectedo aninitial quality-controlprocedureThis procedure
differs accordingto the type of observationbut generallyinvolves checkingeachindividual elementfor
reasonablgalues and,wherepossiblecomputingnter-elementhecksThecheckedbservationsvill thenbe
re-formattednto the input form expectedy the dataassimilationsystem(WMO FM94 BUFR). Finally, sets
of observations need to be written to archive media for input to the data assimilation system when required.

Deliverables
Sufficient coded observations and forcing fields for experimentation (WP2500) (Delivered).
D01 (part): Observations archive - Sufficient coded observations and forcing fields for production (WP3000).

Milestones and expectedesults

Sufficient coded observations and forcing fields for experimentation (WP2500) (Delivered).
Sufficient codedobservationsand forcing fields for production(WP3000)to begin and be sustainedat the
planned rate (month 0).
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Workpackage number: WP2200 Pioblem chasing
Start date: Month 0 - 24
Lead partner: ECMWF

Objectives and input to workpackage
Error corrections to the archive of observations.

Description of work

During the data acquisition (WP 2000) and pre-processinggWP 2100) some problem data are being
encounteredlnvestigativework is beingundertakerto try to resolvesuchproblems.If problemscannotbe
resolvedwithin a reasonablallocationof resourceghe problemdatawill be omitted from the production
through the application of a blacklist of undesirable data.

Deliverables
D01 (part): Observations archive - Enhancements to the observations.
D02 (part): Production system - Initial blacklist

Milestones and expectedesults
Residual work will be carried over to WP2600 at month 0.
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Workpackage number: WP2300 Systems deslopment
Start date: Month O - 18
Lead partner: ECMWF

Obijectives and input to workpackage
Generatiorof arobust,reliablere-analysigroductionsystem.nput: An extensiveexistingdataassimilation
system, together with many of the additional required applications.

Description of work
The re-analysigproductionsystemwill needto performre-analysisreliably and quickly. It will needto be
sufficiently general that, where necessary, a number of copies of the system can run in parallel.

Overallcontrolof thesystemwill beachievedusinganautomatedchedulewhichhasbeendevelopedandused
in anoperationalkenvironmentor sometime. The individual sub-systemsf the productionsystemwill pre-
fetch the observationgor a one month period, perform one month of data assimilation,perform various
monitoringtasksusingthetoolsdevelopedinderWP 2400,archivetheresults,andgenerateend-of-the-month
statistics,suchasmonthly meansyarianceandco-varianceA largenumberof ten-dayforecastawill alsobe
run from the analysis products while they are still on-line.

Schedulingf the productionwill becarriedoutto reacha high degreeof parallelismof tasks Datawill bepre-
fetchedwell aheadof their use. A specially developeddatabasewill be usedfor the organizationof the
observations.Use will be made of powerful supercomputingresourcesfor assimilationand modelling,
combinedwith workstationserverdor thebulk on-linestorageof data,andsophisticatediatahandlingfacilities
and software for archives.

The systemwill be modified asnecessaryo handlethe older data,especiallyfor the early forms of satellite
radiancedata. The adjustmentsequiredfor VTPR data,and for handlingand correctingthe biasesof old
radiosonde data, will be developed.

A correctlyfunctioningsystemhasbeenproducedat an early stageto performthe necessargxperimentation
(WP2500below). This preliminarysystemwill begeneralisedsothatmorethanoneversioncanrunin parallel,
and optimised,so that the plannedrate of productioncan be achievedwith a minimum of computationa
resources.

Deliverables
A functioning prototype system to support experimentation (WP 2500).
D02 (part): Production system - an initial system to enable WP3000 (production) to begin.

Milestones and expectedesults
Prototype system (month O - 15) (Delivered).
Production system (month 0).
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Workpackage number: WP2400 Derelopment of monitoring tools
Start date: Month 0 - 12
Lead partner: ECMWF

Objectives and input to workpackage
Development of an enhanced set of bias-correction and monitoring tools. Input: A selection of existing tools.

Description of work

Production problems must be detectedquickly, their causediagnosed,and remedial action taken. The
developmenof a sufficiently comprehensivesetof monitoring and diagnostictools is essentiato maximise
boththerateof productionandthe confidencen the product. A numberof powerfultoolsarealreadyavailable
to monitorre-analysigproductionandquantify bias. Thesearebeingenhancedo ensurgproblemsaredetected
andaddresseduickly. Systemarebeingdevelopedo addressheradiationbiasof someradiosondelata;bias-
correctiontools arealsobeingdevelopedor the effectiveuseof satelliteradiancedata.lt is alsoimportantto
pre-determindikely data-relatecand processing-relatedrrors,andto provide appropriatedetectiontoolsin
advance.

Deliverables
D02 (part): Production system - bias-correction schemes to be used in production (WP3100).
D02 (part): Production system - enhanced monitoring tools to be used in production (WP3100 and W[P3200).

Milestones and expectedesults
The production bias-correction schemes (month 0).
Monitoring tools for use with WP3100 and WP3200 (month 0).
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Workpackage number: WP2500 Experimentation
Start date: Month O - 15
Lead partner: ECMWF

Obijectives and input to workpackage
Scientific check-outand experimentatiorto enablethe specificationof the compositionof the production
system. Input: Pre-production assimilation systems from WP2300.

Description of work

The exact configuration of the production systemwill be decided after completing a programme of
experimentationThe availableoptionsarebeingtestedagainstsampledatareflectingthe observingsystemat
severakrucialtransitionalperiods.The ExternalAdvisory Grouphasreviewedthe resultsto date,andadvised
on the exact components of the production system, which will be checked out and frozen.

One recentyear of analysishasbeenrun with and without satellite radiancedatausing the pre-productior
system Besidegyiving usefulinformationon theimpactof thesedata,this will be partof a setof experiments
to provideevidenceof thelikely accuracyof there-analysidor periodsbefore1972.Furtherobservingsystem
experimentsare being run to checkthe use of datafrom the variouscomponentof the observingsystem
employed at some time over the past four decades.

The pre-production system is being modified as necessaryand used for the experimentation.The
experimentatiomvith thepilot systems beingusedo checkthoroughlythebehaviouiof theassimilatingnodel
andanalysisystemjn particulamewly-developednodificationswhich arecandidate$or usein theproduction
system.

Deliverables
D02 (part): Production system - specification of the production system (WP2300 and WP3100).
DO05: Report on experimentation, quantifying expected confidence in production quality (month 5).

Milestones and expectedesults
Specifications to WP2300 to enable the production system to be made ready for WP3100.
Report on the experimentation giving advice to users on expected confidence in production quality.
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Appendix C: List of Acronyms

AEROCHEM Project to study é&dct of aircraft emissions on ozone

ALPEX Alpine Experiment

AMIP Atmospheric Model Intercomparison Project

AMSU Advanced Micravave Sounding Unit

AVHRR Advanced ¥ry High Resolution Radiometer

BADC British Atmospheric Data Centre

BAHC Biospheric Aspects of the Hydrological Cycle

CATCH An ocean gperiment, North Atlantic, 1997

CD-ROM Compact Digital Read Only Memory

CERES Clouds and the EarthRadiant Engly System

CLIVAR WCRP Study of Climate &fiability and Predictability

COADS Comprehensie Ocean Atmosphere Data Set

COARE Coupled Ocean-Atmosphere Response Experiment

CTM Chemistry-Tansport Model

DAO Data Assimilation Cffce

DEMETER Development of a European Multi-model Ensemble System for Seasonal to Interannual
Prediction

DKRZzZ Deutsches Klimarechenzentrum

DUACS Developing Use of Altimetry for Climate Studies

DVD Digital Video Disk or Digital ¥rsatile Disk

EASOE European Arctic Stratospheric Ozone Experiment

EC European Commission

ECMWF European Centre for Medium-Range&ther Brecasts

ENVISAT Ervironmental Satellite of ESA

EOF Empirical Orthogonal Function

EOS Earth Observing System

ERA-40 A Forty-Year European Re-Analysis

ERBE Earth Radiation Budget Experiment

ERS Earth Resource Satellite

ESA European Space Agenc

EU European Union

EUCREM European Cloud-Resolving Modelling Programme

EUMETSAT European aganization for the Exploitation of Meteorological Satellites

FETCH An ocean gperiment, Mediterranean Sea, 1998

FGGE First GARP Global Experiment

GARP Global Atmosphere Research Programme

GATE GARRP Atlantic Topical Experiment

GCOS Global Climate Observing System

GEWEX Global Enegy and Vter gcle Experiment

GISST Global sea-Ice and Sea Sagé Emperature data set
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GMS Geostationary Meteorological Satellite

GOES Geostationary Operational Hironmental Satellite

GOME Global Ozone Monitoring Experiment

GOOS Global Ocean Observing System

GWE Global Weather Experiment

HIPOCAS Hindcast of Dynamic Processes of the Ocean and Coastal Areas of Europe

HIRS High-resolution Infrared Spectrometer

INTAS International Association for the Promotion of Co-operation with Scientists from the
new Independent States of therfer Seiet Union

IORAS P. P Shirshe Institute of Oceanology of the Russian Academy of Sciences

KNMI Koninklijk Nederlands Meteorologisch Instituut

LMD Laboratoire de Météorologie Dynamique

MAIA Monitoring Atlantic Inflav to the Arctic

MOZAIC Measurement of Ozone by Airb in-Service Aircraft

MPIfM Max-Planck-Institut fir Meteorologie

MSU Microwave Sounding Unit

NASA National Aeronautics and Space Administration

NCAR National Center for Atmospheric Research

NCEP National Centers for Eronmental Prediction

NOAA National Oceanic and Atmospheric Administration

OSE Observing System Experiment

PIRATA Pilot Research Moored Array in thegpical Atlantic

PROVOST Prediction Of Climate &friations on Seasonal to Interannuiah3ecales

R&D Research and Delopment

ScaRaB Scanner for Radiation Budget

SEMAPHORE An ocean gperiment, Azores, 1993

SESAME Second European Stratospheric Arctic and Mid-latitude Experiment

SHIVA Studies of the Hydrologynfluence and &tiability of the Asian Summer Monsoon

SMMR Scanning Multichannel Micwave Radiometer

SOC Southampton Oceanograp@entre

SODA Studies of Ozone Distriiions based on Assimilated Satellite Measurements

SRARC Stratospheric Processes and their Réle in Climate

SSM/I Special Sensor Micmave Imager

SST Sea Suwiice Bmperature

SsuU Stratospheric Sounding Unit

STOEC Storm-Track Upper Ocean Interactions and the impact on European Climate

TIROS Television Infra-Red Obseation Satellite

TOGA Tropical Ocean Global Atmosphere

TOMS Total Ozone Mapping Spectrometer

TOPOZ Towards the Prediction of Stratospheric Ozone

TRMM Tropical Rainéll Measuring Mission
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TOVS TIROS operationalertical sounder
UARS Upper Atmosphere Research Satellite
UKMO United Kingdom Meteorological @te
UREADMY Department of Meteorologyniversity of Reading
USA United States of America

uv Ultra-Violet

VTPR Vertical Temperature Profile Radiometer
WAM Wave Model

WASA Waves and Storms in the North Atlantic
WCRP World Climate Research Programme
WMO World Meteorological aganization
WOCE World Ocean Climate Experiment

WP WorkPackage
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