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1. General presentation

CANARI ( "Code d’Analyse Nécessairea ARPEGE pour sesRejetset son Initialisation" in
French)is a softwarewhich allows to producean ARPEGE/ALADIN outputfile containingall the
analyzedfields neededby the forecastmodel. It is includedin the IFS/ARPEGE/ALADIN source
library, so itis coded according to the same well known "doctor" rules.

CANARI worksin distributedmemoryconfigurationandthe resultsareof courseindependenof
the numberof usedprocessorshutit is not so efficient asthe configurationl for example because
there are some parts which are not so well vectorized (distance calculating, linear systems
solving,...)andit is not possibleto balancehetaskson eachprocessobecause¢hessizeof thelinear
systems is very variable according to the observations distribution.

The methodusedto producethe analysisis basedon optimuminterpolation(Ol analysis)which
is quite easyto performnumerically.Basically, it realizesa combinationof informationscoming
from a first-guess (6H forecast in most of the cases) and from observations.

The configurationwhich allowsto run CANARI is the 701 one(in the ARPEGEworld, numbers
700 to 799 are reserved for non-variational analysis configurations, but only one is known !).

The information read or written by CANARI is availablein ARPEGE/ALADIN format files,
except for the observations which are stored in a database called ODB.

CANARI is ableto runin ARPEGEor in ALADIN configuration;in the CANARI codeitself,
thereis no specificroutinefor ALADIN, all the differencesversusARPEGEare controlledby the
logical key LELAM. But of courseALADIN routinesare usedto define the geometryand other
specifities in the top level initialization and to deal with any part of the code which involves
geometry.

The fact that CANARI is includedin the IFS/ARPEGE/ALADIN library meansit usescommon
parts of the code as much as possible(setups,input files reading,output files writing, various
transformation®on the differentfields, departuregalculations,...)But alargeamountof routinesis
only usedby CANARI (observationselection Jinear systemdefinition andinversion,...); all these
routines begin by CA (QA for the commons and NA for the namelists).

Therearetwo major partsin CANARI, executedafterthe generalinitializationsandbeforesome
final diagnosticsand statistics;the study of the observationgquality in order to selectonly the
pertinent ones (flags update) and the proper analysis of the different fields.

As mostof the configurationsit is possible(andrecommendedp run CANARI with acommand
line, which avoidsto describea lot of variablesin the different namelistsread by the job. This
command line is :

EXE -c$NCONF -v$VERS -m$M ODEL -e$CNMEXP -t$TSTEP -f$NSTOP -a$ADVEC

where EXE is the name of the executable library and the various options correspond to :
¢ : number of the wanted configuratiagi®] for CANARI),
v : version of the codeneteo for ARPEGE and ALADIN),
m : global or limited area modellédin for ALADIN or nothing for ARPEGE),
e : name of the experiment in 4 charactAi$AL for example),
t : timestep (no matter for CANARL, usually, avoid 0.),
f : integration duration, in hours or in timestefisfor CANARI),
a : wanted dynamical scheme, eulerian or semi-lagrangian, no matter for CASNARIsual).



2. What does CANARI perform ?

2.1. Some non-technical reminders

It is well known (seeOl scientific documentatiorfor more details)that the formulation of the
optimum interpolation is :

Xa = Xg + PH(O+HPH)(HX 4-Y)

whereX is the stateof the atmospherandY theobservationsQ is the variance-covarianceatrix
of the observationserrors, P is the variance-covariancenatrix of the model errors (first-guess
errors), H the observations operator which is supposed to be linear.

Sotherole of the codeconsistsin estimatingthe analysisincrementby calculatingon one hand
HXgY whichcorrespond$o the observedieparturegdifferencebetweereachobservatiorandthe
mogel equivalentat the samelocation), and on the other hand by building the two matrixesand
solving the linear system involved.

Pratically, the analysisis performedfor eachgridpoint at eachvertical level and this point by
point, sequentiallyAnd asit is impossibleto solvea linearsystemincludingall the observationgor
all the gridpoints,the global systemis divided in n smaller systems(wheren is the numberof
gridpoints),eachbuilt with the bestobservationsaroundthe gridpoint; sothe size of the systemdo
solve is reduced to a realistic value.

As H is a linear operator,an Ol analysiscan not make use of satellite radiances;so only
conventional data are integrated by CANARI.

CANARI performsa multi-variateanalysisof upperairvariables(temperaturewind andrelative
humidity) and of surfacepressurelt realizesa mono-variateanalysisof surfacefields (snowand
SST (seasurfacetemperature) and of boudarylayer fields too (2 meterstemperatureandrelative
humidity, 10 meterswind) in orderto initialize the surfacefields overlandfor themodel.Indeed,as
we do not haveany observatiorof thesesurfacefields, surfacetemperatureandwatercontentcan
not be analyzed;they are derivatedfrom two meterstemperatureand relative humidity analysis
increments.

2.2. CANARI organization

Thefirst stepin CANARI is to definethe quality of the observationgasany analysissystem)in
order to avoid the use of any incorrectparameterA crudetestis performedover eachmessage
(latitude, longitude, altitude and so on coherencebasiccheck). It is possibleto usea blacklist to
definesomeobservationsvhich havesystematicallyto berejected.The observedeparturegor all
the parametersf all the observationgsrethencalculatedtheywill beusefullin the secondoartand
they allow hereto reject"wrong" observationsthosefor which the differencewith the first-guesds
too big (previousdefinition of a confidencethreshold).Anothercontrolis performed,a spatialone,
which permitsto make up for someobservationsvhich are far from the first-guessif they are
severalin this caseandcloseenough.Thenthe observationgandthe variousparametershatthey
include) are flaggedaccordingto an advancednixing of all the previouschecksresults;and the
analysis will use only the parameters with a positive quality flag.

The secondstepin CANARI is to performthe analysisitself. This is donesequentiallygridpoint
by gridpoint. So thereis a loop over the gridpoints,and for eachgridpoint all the variablesare
analyzedat eachvertical level (if necessarpnly of course)one by one. This meansthat for any
point i, areanalyzedthe surfacepressurethenthe wind andthe temperaturdlevel by level), then



the relative humidity (level by level too), thenthe 2 meterstemperaturethenthe 2 metersrelative
humidity, thenthe 10 meterswind, thenthe snow height. Finally, the surfacefields are derivated
from boundarylayeror surfaceparametersandsomeclimatologicalrelaxationis appliedto simulate
their seasonal cycle in a realistic way.

3. Theobservations

3.1. Data description

In the ARPEGE/IFScode,the observationsare classifiedin 10 types,accordingto the original
messageseadin the meteorologicaldatabank.So is codedCANARI, but mainly 6 of them are
usefull, due to the intrinsic content of these classes.

3.1.1.SYNOP

In this first classare availablethe SYNOP, SHIP, SYNOR and RADOME messagesancluding
automaticobservationsThe measuregarametersre: surfacepressure2 meterstemperatureand
relative humidity, 10 meterswind, precipitationssnowheight,andseasurfacetemperaturavhenit
is possible.

3.1.2.AIREP

This classcorrespondso the aircraft messagesjamedAIREP, AMDAR or ACAR. Theavailable
measurements are pressure (or altitude flight), wind and temperature.

3.1.3.5ATOB

As indicatedby its name,this classcontainsall the SATOB messagesThey provide pressure,
wind and temperature data, derived from the geostationnary satellite imagery.

3.1.4DRIBU

This observationtypeincludesall theBUOY, DRIFTER,BATHY andTESAC messagesendby
drifting buoysor someships.Themeasuregharameterare: surfacepressure? metersemperature,
10 meters wind and sea surface temperature.

3.1.5.TEMP

This classincludesall the radiosondesnessageghis meansTEMP, TEMPSHIP, TEMPMOBIL
and TEMPDROPones.They provideon a lot of levels pressurewind, temperatureand humidity,
and for some of them "surface" measurementgas 10 meterswind, 2 meterstemperatureand
humidity, even sea surface temperature if it is possible.

3.1.6.PILOT

This observationtype includesall the PILOT messagesPILOT, PILOTSHIP, PILOTMOBIL,
PROFILERand EUROPROFIL.The only measuregarameteliis the wind at severallevels (with
the corresponding height of course), and sometimes the 10 meters wind.



3.1.7.SATEM

In this classareavailablethe SATEM, the SSMI, the TOVS andATOVS messagesSATEM data
contain humidity and temperature vertical profiles (14 layers), retrieved from radiances
measurementslt is the only messagethat CANARI can use. The other messagescontain
pre-processedadiancegclarified data)or evenraw radiancegtheywereexpectedo bein thetenth
class, but the code is like that).

3.1.8.PAOB

This class corresponddo the PAOB messageswhich contain some forced observationsof
pressure (by a forecaster in case of typhoon for example, derived from satellite imagery).

3.1.9.8CATT

This observation type correspondsto all the messagessent by the different existing
scatterometers. They provide surface wind measurements.
There is no observation of this type currently.

3.1.10RAWRA

This classhasbeenintroducedat the beginningof ARPEGE/IFSto containthe raw radiancesbut
it is emptybecauseheyarereally storedin the seventhclass.So CANARI knowsthis type; but it
is surenow thatthe useof raw radiancesn the Ol will neverbeinvestigatedThe structureis still
maintained for compatibilty with the variational analysis code.

3.2. Data organization

To beusedby ARPEGE/IFS andof courseby CANARI, the observationhaveto be storedin a
databasealledODB. This concepthasbeenintroducedn cycle 23. This meanghatthe dataarenot
all availablein the central memory during the whole program execution,but only the needed
parameteraretakenfrom the baseandkeptinto memoryaccordingto the partof the codewhichis
running. This is doneby specialsql requestswvhich have beenmplementedin strategicparts of
CANARI.

For eachconventionaldata,the observations divided in two parts: the first onewhich contains
all the informationaboutthe observatioritself (date,time, type, latitude,longitudeandso on), and
the second which describes the measured parameters themselves.

For more details, see the ODB documentation written by D. Puech [1].

3.3. Database filling

Before the executionof the analysis,the ODB containsthe valuesof the observedparameters,
their spatialandtemporallocation,the adequatebservatiorerrorsstatisticsandsomequality flags
put by some preprocessing tests done by the meteorological databank software itself.
After the analysis,a lot of additional information is introduced,the observedand analyzed
departures, the first-guess errors statistics, the various flags updated by the control and the analysis.
If someonewnantsto changethe list of the parametersieededn the databasreadingor writing
access)hehasto changehesqlrequestalledby theappropriatesubroutinethenhe hasto compile



the ODB library, and of courseload the ARPEGE library againbecauset is linked with ODB
library.

4. Input and output files

4.1. Thefirst-guessfile

This inputfile hasto be anARPEGE/ALADIN formatfile, this meanswith all thefields readby
the model and as expectedby the code (spectralor gridpoint field). For more details aboutthis
format andthe associatechomenclatureseethe documentatiorwritten by J. Clochard (ARPEGE
Notes n° 12 and 17, updated later [2]).

Before the executionof the analysis,this file hasto be linked with ICMSHxxxxINIT for an
ARPEGE configurationand EL SCFxxxxAL BC000 for an ALADIN configuration,wherexxxx is
the nameof the experimentasdefinedby $CNMEXP in the commandine). It correspondso the
initial state of the model and it is indispensable for the job (ABORT if not present).

4.2. The observations database

To allow CANARI to usethe ODB, a specialenvironmenthasto be definedby settingsome
variables in the script :

export ODB_STATIC_LINKING=1
export TO_ODB_ECMWF=0 (for ARPEGE/ALADIN case)
export ODB_CMA=yCMA with y=E (usual case) or y=C (for compressed obs database)

export ODB_SRCPATH_yCMA= ... } path where to find the different tables
export ODB_DATAPATH_yCMA= ... } of the database

export IOASSIGN= ... path of a file containing different information about the tables structure

In a debugging phase, it is possible to add : export ODB_TRACE_FILE=listing_odb
and after the analysis,the "listing_odb" file will contain some information about the different
accesses to the database, the volume of extracted data, the calling subroutines and so on.

Concerningthe observationsise,anotherfile is necessarycalledrszcoef _fmt, but it is without
any interestfor CANARI (just a part of the variationalanalysiscodewhich is not controlledby a
logical key !). This file is not linked with the ODB concept.

4.3. The climatology files

The climatologyfile correspondingo the month of the run dateis necessaryf a climatologic
relaxationhasto be applied(accordingto the associateshamelistswitch). Anyway, this file hasto
be presentthe first day of every month inorderto updatethe monthly surfaceconstantsof the
model (vegetation,albedoand so on). This file is usedtoo in caseof snow analysis,in orderto
estimate the observed departures.

It has to be linked with the narh@&M SHxxxXCLIM (xxxx is still the experiment name).

The climatologicalconstraintis appliedon surfacefields only (temperaturendwatercontent).lt
is possibleto usea secondile (which hasto belinked with | CM SHxxxxCL 12) in orderto improve

the quality of the climatologicalfields by a temporalinterpolation(previousmonthor later month
according to the run date).



It is obviousthat thesetwo files haveto be on the samegrid thanthe model one (that is the
first-guess grid too).

4.4. The | SBA files

ISBA is the surfaceschemausedbothin the analysisandin the modelintegrationto describethe
surfacevariablesevolution. In the analysis,it concernghe surfaceand soil temperaturesandthe
surface and soil water contents (see [3] for more details).

Technically,it is necessaryo haveafile containingthe polynomialtermsusedin the formulation
which evaluates the soil moisture; this file has to be linked forth61.

The useof anassimilatedncrementfile (for both surfacetemperatureand humidity andfor the
soil water content)in orderto smooththe fields andto take into accountthe diurnal cycle gives
better results. This file has to be linked with the n&@M SHxxxxL | SSE.

This last file is updated after the analysis with the new increments, it is called
ICM SHxxxXL I SSEF. It is necessaryo saveit atthe endof the job to be ableto useit in the next
analysis in an assimilation cycle.

4.5. The SST file

Thisfile canbeusedin the ALADIN caseif the configurationto produceit is developpedbutit is
of avery limited interestbecauset containsa SSTfield which will be usedasa relaxationfield for
the analyzedseasurfacetemperaturelt hasbeenimplementedor the global analysisin orderto
have an up-to-date"climatological” field becauseahereis a lack of conventionalobservationsn
someregionsand consequentlythe SST analysisis not so performantcomparativelyto the other
variables analysis.

Theinitial dataconsistin the NCEP SST analysis performedon a 1°x1° latitude/longitudegrid,
estimatedwith both conventionalandsatellitedata. This field is interpolatedon the ARPEGEgrid
andis storedin an ARPEGEformatfile by the configurationnumber941. This lastfile hasto be
linked later with the namBECM SHxxxxSST to be used by CANARI.

4.6. Theerrorsstatisticsfiles

As the optimuminterpolationis a methodwhich allowsto know the varianceof the analysiserror,
it is possibleto usethis resultin orderto improvethe quality of the varianceof thefirst-guesserror
(in anassimilationcycle). This hasbeencodedfor the upperairvariables(andusedwhenCANARI
was operationain Meteo-Francdor the analysisof thesevariables).So, theinput file, linked with
ICM SHxxxxSTAT, containserror standardieviationbothfor thefirst-guessandthe analysisof the
previousrun (6 hoursbefore)for the geopotentiaandthe humidity fields, in spectralcoordinates,
on eachmodellevel. So CANARI canuse"dynamic" statisticsinsteadof fixed ones(but necessary
if theinputfile is missing).And CANARI producesanoutputfield, linked with | CM SHXxXxSTA2,
which contains the same fields, but for the current run.

4.7. Theincremental modefiles

It is possibleto read threeinput files to build a non-classicalstarting statefor CANARI; a
combinationis doneon the spectralfields only : G1=Gg+A-G. This is usefull in the incremental
mode operationalat Meteo-Francein order to define a new guess(G1), basedon the initial
first-guessGq updatedby the incrementsof the upperairanalysiscalculatedat a lower resolution
(A-G). Gq is still linked with ICMSHxxxXINIT, A hasto belinked with |CM SHxxxXANIN andG
with | CM SHxxxxFGIN.



This optionis notvalid for ALADIN, it hasbeencodedfor the global caseonly, for the needsof
the variational analysis operational at Meteo-France.

4.8. Theanalysisfile

This output file is called ICM Shxxxx+0000. It is equivalentto the first-guessfile (initial
conditions)which hasbeenupdatedwithout any time integration(generalARPEGEcodingrules).
If the programwould run without any observationrand without any climatologicalrelaxation,the
analyzedfields would be the samethanthoseof the first-guessquite the samein fact becausehe
go and back spectral / gridpoint transformations are applied in any case).

5. Distributed memory features

Only the specific CANARI aspectof the distributedmemoryarchitecturewill be describedn
this chapter. To get more details about the general structure of the code (high level code
organization regarding distributed memory and messagepassing), refer to some internal
documentation [4]).

It is importantto precisehere that the upperairfields of the model (input first-guessfile) are
storedundertheir spectraform, insteadof the surfacefields which aregridpointrepresentated’he
analysisis performedover gridpointfields representationso spectralarraysare uselesgoncethey
have beertransformedkxcepta shortpartatthe beginningof CANARI whichis performedonly in
incrementalmode,in orderto updatethe upperairinitial fields with an accurateanalysis.But it is
without any interest in this chapter.

So CANARI usesthe ARPEGEsubroutineSTEPOwhich manageshe gridpoint calculationsin
the distributed memory context.

All the control prints producedby CANARI are global, this meansthat all the processors
communicate their own results to the first one in all the concerned subroutines before the prints.

5.1. The observationsdistribution

It is possibleto divide the ODB in severalpoolsbeforethe analysisby a specialprocedurepach
pool correspondgo a set of observationghat only one processorcan accessin a basic calling
sequenceThe observationsdistribution is done accordingto geographicalcriteria, in order to
balance the number of observations by type on each pool.

But eachprocessocanaccesgo the whole observationpackageandthis possibility will beused
in CANARI becauseit is easierin this caseto perform any isotropic selection among the
observations.

5.2. The departures calculation

In this part, each processorhas got in its own memory a list of gridpoints, and a set of
observationsywhich of coursedo not correspondjeographicallyspeakingA subroutinegs executed
quite at the beginningof the programin orderto fill someglobalarrayswhich allow any processor
to know the list of the observationswvhich are locatednearits own gridpoints. So later in the
programeachprocessocalculategshe modelequivalent(involving its own gridpoints)for thelist of
observationgieographicallyassignedo it. After thatsomecommunication®etweerthe processors
are executedn orderto allow eachof themto savein its memorythe modelequivalentof eachof
its own observations.This model equivalentcorresponddo the horizontal interpolation of the



model fields. In a secondhand, eachprocessomerformsthe vertical interpolationof the model
equivalentfor its own observationsand fills the correspondingpool of the databasewith the
observed departures and the associated quality flag.

The samesubroutinesare usedto calculatethe analyzeddeparturesoncethe analysishasbeen
performed.

5.3. The spatial quality contr ol

For eachobservation this control consistsin an analysisperformedat the observationpoint
without using this observationlf the differencebetweenthe observationvalue and the obtained
analyzedvalueis smallerthanatunablethreshold the observatiorwill be considerechisa goodone
whatever may be the result of the first-guess check.

So in this part each processorworks with a loop over its own observations.But all the
observationsare read by eachprocessoiin orderto perform the analysiscalculations(seebelow
chapter 5.5 for more details).

This meansthat eachprocessoopensthe ODB andreadsthe informationit needsregardingits
own observationslt saveshesedatain somelocal arraysandthenclosesthe databaseAfter that,
the ODB is openeda secondtime; each processorreads some listed parametersfor all the
observationsexecutethe loop over its own observationsthenthe ODB is closedagain.Oncethe
guality controlhasbeenperformedthe ODB is openeda third time andeachprocessoupdateghe
databasavith theresultsconcerningts own observationsThenthe ODB is closedfor the lasttime
in this part.

Note that the model fields are not used in these calculations.

5.4. Model variables analysis

Theanalysigtself (thatis theanalyzedncrementcalculationfor eachvariable)is performedpoint
by point (asdescribedbeforein chapter2.2). So eachprocessotoopsover all its own gridpoints.
According to the number of gridpoints which has to be considered,in order to increasethe
efficiency of the codeby a bettervectorization the gridpointsare processedby packet(sizedby the
famous NPROMA). But the final estimationis done point after point, with a loop on the model
levels according to the variable which is currently analyzed.

In this part, as the calculation loop is over the gridpoints, the ODB is accessed only one time.

Eachprocessoupdateghe modelfields for eachof its own gridpoints,andthe databasdor the
observations it has used.

5.5. The proper analysis

Whetherthe proper analysisis performedfor the spatial quality control or for the analyzed
incrementestimation,it obeysto the samerules. For each point where the analysishasto be
performed, it is necessaryto selectthe more informative observationsin order to build the
numericallinear systemwith areasonablsize.Soan observationselectionhasto bedone,andthe
first criterionis of coursea geographicabne (dueto the correlationfunction which is a gaussian
curve). To ensurethe reproductibility of the analysis whatever may be the number of used
processorsi hasbeendecidedto allow eachprocessoto accesgo all the observationsOnceeach
processohasin its own memoryall the informationit needsregardingall the observationsthereis
no specific treatment due to the distributed memory architecture.



6. Codedescription

6.1. Initialization and level 0O control

The initialization and the top level control (level 0) of CANARI are done through some
subroutines which might be ARPEGE/ALADIN general or CANARI specific.

The 701 configurationstartswith the subroutineCAN1, but beforeits executionthe program
performs a lot of initializations which are the samefor most of the configurations.Only the
subroutines where there are specific CANARI instructions will be described.

See below the calling tree for CAN1 (the main program is MASTER, which calls CNTO ) :

CNTO

SUOYOMA

— 1 suDIM1
|
|

| SUDIMO

SUALLO
SUALOBS
SUOYOMB

|

|
SUALGES
SUALCAN

CAN1

SUOYOMA calls SUDIM1 which setsthe dimensiondor mostof the modelarraysandthencalls
SUDIMO which do the samething but for the observationselatedarrays.SUALLO is calledlater;
it performsthe allocationof the global arraysfor the modeland calls SUALOBS which allocates
the observations related arrays (both for variational and Ol analyses).



SUOYOMB calls anotherset of subroutinesn orderto completethe definition of the general

environment, including SUALGES which allocatesthe first-guesserrors statistics arrays and
SUALCAN which defines some CANARI specific arrays.

6.2. CANARI initialization and level 1 control

CAN1
SU1YOM
SU2YOM
SU3YOM
SUOBS
|
T“““* DEFRUN |~ #%%% —  NAMOBS
| NAMJO
| SUVNMB NAMSCC
|
%“““* OBATABS
|
| MKGLOBSTAB
CANAMI [ ¥%9%¥ 71 NAMPRE
I CAPREDI
CANALI [ ¢%¢% NALORI
NACTEX
SUINIF/ELSAC NAIMPO
NAMCOK
NADOCK
SPNORM NACOBS
NACTAN
CANARI
SPNORM

Beforestartingthe Ol with the subroutineCANARI, thelevel 1 control routineCAN1 callssome

othersubroutinego initialize someadditionalmodelcommonparametersspecificonesandto read
the fist-guess file.

SU1YOM : YOMCT1 setup, for the trajectory and diagnostics management;



SU2YOM andSU3YOM : YOMCT2 and YOMCT3 setuprespectively poth for the integration
management;

SUOBS : setup for the observations processing (cf. 86.2.1);

CANAMI : setup of the predictors/predictands list for Ol (cf. 86.2.2);

CANALLI : setup of the main Ol parameters (cf. §6.2.3);

SUINIF : input file reading (SUINIF for ARPEGE and ELSAC for ALADIN) (cf. §6.2.4);

SPNORM : computation of spectral fields norms and control prints;

CANARI : main Ol subroutine (cf. 86.3).

6.2.1.Setup for the observations processing

The control routineSUOBS calls a set of subroutineswhich are usefull only for the analysis
configurations. Among them, only those which are of interest for CANARI are described.

DEFRUN': assignglefaultvaluesto therun control parametersndreadsthe associatethamelists
NAMOBS, NAMJO andNAMSCC; only NAMOBS is usefullfor CANARI. The variablesto setin
NAMOBS are LCAPACH, LCACHMT, LSLREJand NOBSHOR.LCAPACH and LCACHMT
arethelogical keysfor the useof the ARPEGE (insteadof IFS) observationoperatorgdefaultis
.TRUE. so OK). This meansthat when calculatingthe model equivalent(vertical part) for an
upperairparameterpn one hand(first key) APACH will be called(useof the modelorographyin
order to modify the pressureof the observedparameterand to realize an accuratevertical
interpolation)andfor a surfaceparameterpn the otherhand(secondkey) ACHMT will be called
(useof the modelsurfacecharacteristic$o definethe boundarylayer beforevertical interpolation).
LSLREJ is the logical key which controls the use of the land/seamask of the model for the
horizontal interpolationof the surfacefields when calculatingthe model equivalentfor a given
observationn CANARI. Thedefaultis .FALSE.,it is betterto set. TRUE.NOBSHORcorresponds
to the methodfor the guesshorizontalinterpolation,201 for a bilinear one (forcedfor the surface
fields), 203 for a bicubic one (default value).

SUVNMB : sets the observation variable code number.

OBATABS : first chekof the ODB andcalculationof thelatitudeandlongitudecoordinate®f the
observations on the model grid (according to its geometry).

MKGLOBSTAB : createsglobal observationgablesneededin the messaggassingof model
equivalent computation.

6.2.2.Predictors and predictands definition

The subroutineCANAMI realizesthe predictorsand predictandsdefinition both for the quality
controlandthe analysisthenreadsthe namelistNAMPRE and calls CAPREDI which checksthe
NAMPRE inputs according to the defined statistical models and updates the local
predictors/predictands tables.

List of the predictandsclasses,with the list of the allowed associatedpredictors,and the
corresponding code numbers which have to be $¢AMPRE (saved in the module QAPREX)

a) spatial quality control case :
Z, u and v (geopotential and wind) : u, v, geopotentjig), o [3, 4, 1, 41, 42]
T (temperature) : T,oI [2, 39]
Hu (relative humidity) : Hu, PWC,H [29, 9, 58]
Dz (layer thickness) : geopotential, Dz, T [1, 57, 2]
SST (sea surface temperature) : SST [11]
Sn (snow) : snow height [92]
QQ (specific humidity) : QQ [7]
To (2 meters temperature) »T[39]



Hp (2 meters relative humidity) : 41 [58]
V10 (10 meters wind) :4p, v10 [41, 42]

b) analysis case :
Ps (surface pressure) : u, v, geopotential, Dz, W o [3, 4, 1, 57, 2, 41, 42]
T :u, v, gepotential, Dz, TpTu o, V10 [3, 4, 1, 57, 2, 39, 41, 42]
u and v : mixed analysis with T analysis
Hu : Hu, PWC, B [29, 9, 58]
To:To [39]
Hp: Hy [58]
Vip:u10 v10 [41,42]
Sn : snow height [92]
SST:SST [11]

QQ:QQ [7]
6.2.3. Setup of the main Ol parameters

The main parametersvhich define and organizethe CANARI run are distributedamonga few
commonmodulesaccordingto the part that they control. All theseparametersare initialized in
CANALLI, which later reads the corresponding namelists and controls them.

NACTEX : controlsthe different stepsof the Ol analysis.All the variablesof the associated
module QACTEX are tunable by the namelist. They are :
LAEOMF : calculation of the observed departures }
LAEOMN : calculation of the analyzed departures }
LAECHK : execution of the spatial quality control }
LAEPDS : execution of the surface pressure analysis } logical variables
LAEUVT : execution of the upperair wind and temperature analysis }
LAEHUM : execution of the upperair relative humidity analysis } default value
LAET2M : execution of the 2 meters temperature analysis } equalto
LAEH2M : execution of the 2 meters relative humidity analysis } .FALSE.
LAEV1M : execution of the 10 meters wind analysis }
LAESNM : execution of the snow analysis }
LAESST : execution of the sea surface temperature analysis }
LAEICS : calculation of the surface fields }
LAECDS : calculation of the surface diagnostic fields }
LAEINC : incremental mode (updating of the guess) }
LAESTU : use of the assimilated errors statistics (previous run) }
LAESTA : saving of the analysis error statistics }
LAEWIO : writing of the analysis output file }
LAERFO : updating of the ODB }
LVERAL : no initialization of the quality flags
NAEINC : updated word in ODB by the observed departures (integer)
0-->OMF 1-->OMF+FC1 2--->O0OMN default =0
RCLIMCA : relaxation coefficient for the land surface fields (real) default = 0.0
RCLISST : relaxation coefficient for the sea surface temperature field (real) default=0.0
NSSTLIS : use of the NCEP SST in the relaxation field (integer) default = 0 --> no use
(corresponds to the number of authorized days late)

NACTAN : definesthe analysisarea(it canbe smallerthanthe guessdomainthanksto a special
mask field). It allows to modify some variables of QACTAN. They are :
LANMASK : .TRUE. analysis performed on a reduced domain (default=.FALSE.)



ALATNB : northern latitude of the analysis domain }

ALATSB : southern latitude of the analysis domain } real values
ALONWSB : western longitude of the analysis domain  }  default corresponding to the
ALONERB : eastern longitude of the analysis domain }  first-guess domain

NACOBS : setsup someobservationselatedvariables,which belongto the modulesQACOBS
(OROLIM and ORODIF) or QAPABO (NBODLA and NBODLO).
OROLIM : maximum obs altitude for a SYNOP use (default=10000 m)
ORODIF : maximum difference allowed between a SYNOP altitude and the corresponding model
orography (default=10000 m)
NBODLA : box size in latitude for the observations arrangement in memory
NBODLO : box size in longitude for the observations arrangement in memory
(default=10 for ARPEGE, 5 for ALADIN).

NADOCK : definesthe observationsselectioncriteria, includedin the module QADOCK. The
variables are :
NMXGQA : maximum number of observations by quadrant (integer array, size JPNOTP)
QDSTRA : maximum distance for the horizontal selection (en m) (real array, size JPNOTP)
QDSTVA : maximum distance for the vertical selection (en hPa) (real array, size JPNOTP)
MINMA : predictors number by predictand (integer array, size JPANAL)
QCORMIN : minimum correlation for the selection by predictand (real array, size JPANAL)
QDELPI : minimum distance between 2 selected levels of one observation

(real array, size JPANAL)

where JPNOTPIs the numberof observationgypesand JPANAL the numberof variablesto be
analyzed (parameters defined in the modules PARDIMO and QAPREX respectively).

NAMCOK : list of the rejectionthresholdsor the quality control varioussteps,which allows to
fill the array RCOEFK of the module QAMCOK. Thirteenthresholdsare defined,underthe form
RCxxyy where xx is the measured parameter and yy the observation type.

NALORI : containsthe parameterRCALPH only, included in the module QALORI which
describessome smoothing functions. The default for RCALPH is zero. It correspondgo the
coefficientof the functionusedto takeinto accounthe stretchingof thegrid in the estimationof the
correlations. This function is exp [a.(x-1/x)] where a=RCALPH and x is the local stretching factor.

NAIMPO : controls some observationgelated prints during the executionof CANARI. The
variables are included in the module QAIMPO. They are :
LAVISO : prints at the end of the CANARI run;
LAVOLO : prints after all the initialisations concerning the observations;
LAVORO : prints after the observed departures calculations;
LAVOCQ : prints after the spatial quality control and the update of the quality flags;
LAVOAN : prints after the analysis of the various variables;
NBSYVO : number of SYNOP observations to visualize (default=5);
NBAIVO : number of AIREP observations to visualize (default=5);
NBSBVO : number of SATOB observations to visualize (default=5);
NBDRVO : number of DRIBU observations to visualize (default=5);
NBTPVO : number of TEMP observations to visualize (default=3);
NBPLVO : number of PILOT observations to visualize (default=3);
NBSTVO : number of SATEM observations to visualize (default=5);
NINDVO : 0 ---> prints without any observation array modification,

1 ---> prints with the usual units (instead of Sl) for the parameters;

NBCLVO : number of columns for the prints (80 or 132 (default)).



6.2.4. Initial conditions file reading

The initial conditionsfile is readin almostall the ARPEGE configurations,by a packageof
commonsubroutines|ed by SUINIF in the ARPEGEcaseand by ELSAC in the ALADIN case.
This file is readin two stepsthefirst for the spectralfields andthe secondor the gridpointfields.
So all the arraysof the model are filled, SPA3 by the spectral3D fields (vorticity, divergence,
temperatureand specific humidity) and SPA2 by the spectral2D fields (surface pressureand
orography)which belongto the module YOMSP, GPPBUFwhich is the gridpoint buffer of the
physical fields, included in the module YOMGPPB.

This routinespackageis usedto readthe climatologyfile(s) just after the guessfile; thesenew
fields are stored in GPPBUF too.

It is importantto mentionherethat thereis a block in GPPBUFwhich is dedicatedfor some
CANARI specific fields. This block containsNVCAN fields (NVCAN=13 today), the last five
being for the ISBA increments; it is pointed by MCANRIO. These fields are :

- first-guess error standard deviation for the geopotential field SURFETP.GEOPOTEN
- analysis error standard deviation for the geopotential field SURFETA.GEOPOTEN
- analysis mask (1 --> perform analysis at this gridpoint, 0 --> do not) = SURFANALYSISMASK
- 2 meters temperature field CLSTEMPERATURE

- 2 meters relative humidity field CLSHUMI.RELATIVE

- zonal component of the 10 meters wind field CLSVENT.ZONAL

- meridian component of the 10 meters wind field CLSVENT.MERIDIEN

- final relaxation field for the SST field SURFSST.CLIM.

- soil water content increment of the previous run PROFINC.RESERV.1

- idem but 2 runs old PROFINC.RESERV.2

- idem but 3 runs old PROFINC.RESERV.3

- 2 meters temperature mean increment SURFINC. TEMPERAT
- 2 meters relative humidity mean increment SURFINC.HUMIDITE

Thesefields arestoredin GPPBUFafterthe executionof SUINIF/ELSAC;if theyaremissingfrom
the initial file, theyaresetto 0 (1 for the analysismask).In fact, at this stage only the four 'CLS’
fields are filled.

6.3. CANARI management main subroutine

The CANARI subroutinegs the startingpoint of the analysiscodeitself. It organizeghe different
stepsof the work in logical consecutivaasks,asfollow (the routineswhich arein a box slightly
shiftedto theleft areunconditionallycalled,while the othersarecontrolledmainly by the variables
of the namelist NACTEX) :



CANARI

RDFPINC

CALIFE

CASINO

CAMELO

CAVISO

CAODGU

CAVEGI

— o —

UPDTIM

CALINCWDM

CACLSST

CADAVR

CAIFC1

CAVISO

CAVODK

CANTIK

CAVISO

NACVEG




CANARI

CANACO

STEPO

CAIDGU

CANACO

CAVISO

CARCLI

STEPO

CAOHIS

CALICEDM

CAEINCWDM

CADAVR

CAVISO

CARCFO

Thefirst thing done,accordingto the valueof LAEINC, is the updatingof thefirst-guesdieldsin
the incrementalmode by RDFPINC (see 84.7 for information, but this subroutinewill not be
described in detail in this documentation because it is not directly linked to CANARI).

Then someindispensablénitializations for the analysisare performed,on one hand aboutthe
model errorsstatisticsthroughthe subroutineCALIFE (cf. chapter7) andon the otherhandabout
the observations by the subroutines CASINO and CAMELO (cf. chapter 8).

CAVISO is a subroutinewhich readsthe ODB and prints the observationsarraysin order to
control thegoodbehaviourof CANARI astherun progressest is calledseverakimesaccordingto
the logical keys of the namelist NAIMPO (described in §86.2.3).

CAODGU is the subroutinewhich allocatesand initializes some arrays (module QAPDGU)
dedicatedo the print of statisticsaboutthe analyzedfields (mean,standarddeviationand extrema
valuesof thefields themselvesanalysisncrementsmeansizeof the linear systemsmeananalysis
error). These arrays will be filled during the executionof CANARI through the subroutine
CACDGU andprintedat the end by the subroutineCAIDGU. This is donein orderto havea first
control about the quality of the analyzed fields.



Thensomeinitializationsconcerninghe surfacefields areperformedonly if they haveof course
to be updated(accordingto LAEICS), in orderto preparethe ISBA action. This is doneby the
subroutineCAVEGI, which readsthe polynomial terms file (describedin 84.4), initializes the
variablesof the module QACVEG, readsand controlsthe associatechamelistNACVEG, checks
that the first-guessfile is coherentwith the assimilatedincrementsfile and finally prints the
QACVEG variables.ThesubroutindJPDTIM is calledafter CAVEGI in orderto initialize thetime
of the run and to updatethe solar constantsbecausehey are usedlater by ISBA. Then,if the
smoothingof the analyzedincrementsis wanted(LISSEW=.TRUE.in NACVEG), the subroutine
CALINCWDM is calledin orderto readthe incrementdields in the assimilatedile (describedn
84.4). Thesefields arestoredin GPPBUF(lastfive fields in the CANARI block). The variablesof
NACVEG arenot detailedbecausdhey arelinked to ISBA (andnot to CANARI) ; only a physics
specialist can tune them.

After that, the relaxationfield for the calculationof the definitive SST field is preparedoy the
subroutineCACLSST; it controlsthe correspondingeysin NACTEX (NSSTLISandRCLISST),
readsthe NCEP SSTfile (describedn 84.5), modifiesthe climatologicalsurfacetemperaturdield
with the NCEPfield overthe free-iceseaandstoresthis newfield in GPPBUF(SURFSST.CLIM.
field) if everything is correct.

Then, in CANARI, the analysis mask is updated according to the variables of QACTAN.

Now, the effective work of the analysis can begin.

Underthe key LAEOMF, the observeddeparturesalculationis performed(cf. chapter9) by the
subroutineCADAVR. CAIFC1 is calledaccordingto the value of NAEINC in orderto duplicate
the observed departures in the ODB.

The next stepis the spatialquality control, performedby the subroutineCAVODK (cf. chapter
10) under the control of LAECHK.

The quality flags of the observationsarethenupdatedoy CANTIK (cf. chapterll) accordingto
the key LVERAL. CANTIK performstoo a lot of control prints about the validity of the
observations, parameter by parameter.

At this stage all is readyto performthe analysisitself, gridpointby gridpoint. So the subroutine
CANACO is called in order to read all the neededobservationsparametersAfter that, the
subroutineSTEPOQis calledin orderto managehe analysissteps(cf. chapterl2). ThenCANACO
is called again in order to update some observation flags in the ODB and to close it after.

CARCILI is executedf the run dateis the first day of the month inorderto updatethe monthly
fields of the model (surface "constant” fields).

Then the output file is written, by another call to STEPO (configuration ’"AO0000000°).

Accordingto the value of LAESTA, the analysiserrorsstandarddeviationfields are computed
and savedin the appropriatefile ICMSHxxxxSTA2 (see84.6) by CALICEDM (previouscall to
CAOHIS in order to open the output file)..

Thenthefile ICMSHxxxXLISSEF(see84.4)is filled with the new surfaceanalysisncrementdy
CAEINCWDM.

CADAVR is called againin order to calculatethe analyzeddeparturesunder the control of
LAEOMN.

Finally the ODB is updatedby all the newinformationaboutthe observationdy the subroutine
CARCFO.

7. First-quess check and model errors statisticsinitialization

The subroutineCALIFE checksthe validity of thefirst-guesdfile andinitializesthe modelerrors
statistics as follow :



CALIFE

CAGADE

CANAPE [ “%%% ~| NAM_CANAPE

CABANE

GPPRE

CABINE

CAOHIS

CAISSEDM

CAOHIS

CANIFEDM

The subroutineCAGADE checksthe agreemenbetweenthe dateof the first-guessfile andthe
date of the run (ABORT if not) and the validity of the guess type.

The subroutineCANAPE initializes variouscoefficientswhich will allow to definethe statistical
model of the analysis.Thesecoefficientsareincludedin the moduleQAREF andarethe reference
valuesfor this statisticalmodel : pressurelevels, model error standarddevationfor somebasic
fields (both surfaceand upperairlevels),horizontalandvertical correlationlengthscaleshoundary
layer representatioffageostrophisnandvertical extentcoefficients,nu andKp). Thenthe namelist
NAM_CANAPE is readin orderto modify QAREF if necessarydescriptionat the end of this
chapter).

After that, CABANE is calledto initialize the statisticalmodelitself (variablesof the module
QACOSS)from QAREF values.GPPREis calledto calculatethe pressureof the modellevelsand
CABINE performs the vertical interpolation of all the statistical model parametersfrom the
referencelevelsto thesepressurdevels. At this stage,a basicstatisticalmodelis definedfor the
presentanalysis(includedin QACOSSfor the correlationfunctionsandin QASSETfor the model
errors standard deviations).

Then,if it is setin namelistthat the useof assimilatedstatisticsis neededkey LAESTU), the
correspondingfile is opened (ICMSHxxxxSTAT, cf. 84.6) by CAOHIS. The subroutine
CAISSEDM readsthe geopotentiabnd humidity error standarddeviationfields, transformsthem
from their spectralform to a gridpoint one, derivesguessstatisticsfrom theseanalyzedonesand
appliesanhorizontalfunctionanda verticalonein orderto smooththesefields. After that,thearray
ESIG (module QASSET) is definitively filled with the accurate model errors statistics.

According to the key LAESTA, CAOHIS is called again to open the output statistical file
(ICMSHxxxxSTA2, cf. 84.6). CANIFEDM transforms the model errors fields in spectral
coordinates and stores them in the output file ICMSHXxxXSTA2.



Detailed description dIAM_CANAPE (cf. annex 2) :

REF_STAT (JPNVS,7): array containingreferencevaluesfor variousparameter®n the JPNVS
levels of the basic statistical model (JPNVS=19, module QAPASS) :

REF_STAT (.,1) : pressure of the JPNVS levels,

REF_STAT (.,2) : geopotential error standard deviation,

REF_STAT (.,3) : temperature error standard deviation,

REF_STAT (.,4) : wind error standard deviation,

REF_STAT (.,5) : relative humidity error standard deviation,

REF_STAT (.,6) : vertical lengthscale,

REF_STAT (.,7) : horizontal lengthscale,
REF_S_SST : model error standard deviation for the sea surface temperature,
REF_S_SN : model error standard deviation for the snow,
REF_S_T2 : model eror standard deviation for the 2 meters temperature,
REF_S_H2 : model eror standard deviation for the 2 meters relative humidity,
REF_S_V1 : model eror standard deviation for the 10 meters wind,
REF_A_SST : reference horizontal lengthscale for the sea surface temperature,
REF_A_SN : reference horizontal lengthscale for the snow,
REF_A_T2 : reference horizontal lengthscale for the 2 meters temperature,
REF_A_H2 : reference horizontal lengthscale for the 2 meters relative humidity,
REF_A_VORL1 : reference horizontal lengthscale for the 10 meters wind vorticity,
REF_A_DIV1 : reference horizontal lengthscale for the 10 meters wind divergence,
REF_AP_SN : reference vertical lengthscale for the snow (due to orography),
REF_NU_BL : ageostrophism coefficient in the boundary layer,
REF_KP_BL : vertical extent coefficient for the boundary layer,
REF_PHUD : ratio of the reference horizontal lengthscales for divergence and geopotential,
REF_PHHU : ratio of the reference horizontal lengthscales for relative humidity and geopotential,
REF_PVH : ratio of the reference vertical lengthscales for relative humidity and geopotential,
REF_COEFN : coefficient for the geopotential standard deviation in the latitudes [+25,+90],
REF_COEFT : coefficient for the geopotential standard deviation in the latitudes [-15,+15],
REF_COEFS : coefficient for the geopotential standard deviation in the latitudes [-90,-25],
REF_MUJ1,2,3] : used in (wind divergence standard deviation / wind vorticity standard deviation)

H(p) = (REF_MU1 - max(0,REF_MU2*(p-REF_MU3)/(100000-REF_MU3)))*sin(lat)

REF_NUJ1,2,3] : used in the formulation of the ageostrophism coefficient :
v(p)=(REF_NU1+max(0,REF_NU2*(p-REF_NU3)/(100000-REF _NU3)))*max(cos(lat),.5*sqrt(3))

8. Observations processing

Whenthe subroutineCANARI is running,the ODB validity hasbeencheckedandthe general
environmentfor the observationsuse hasbeendefined. But it is necessaryto set some other
parameters to allow CANARI to use these observations.

CASINO performs some basic initializations and CAMELO is called later and we have :



CAMELO

CABIYO

GETDB

CARACO

I

CABOTU

CALICO

PUTDB

CAPITO

CABIYO performstheinitialization of the moduleQAETEOQO, i. e. the observatiorerror standard
deviation for each measured parameter of each observation type.

Thenthe ODB is accessetly the specificsubroutineGETDB (with the specificsqgl requestor the
needs of CAMELO); this allows to fill the observations arrays with the adequate values.

CARACOfills thearray QCAOBS (from the module QALORI) with the coefficientto apply to
the horizontallengthscalen orderto takeinto accountthe local stretchingfactor of the grid. Thenit
calls CABOTU which assignsto eachobservationthe numberof the geographidox whereit is
located (these boxes have been defined by CASINO).

CALICO updateghe adequateobservationsarray with the observatiorerror standarddeviation
and initializes the quality flags for each parameter of each observation.

Then the specific subroutine PUTDB is called in order to really update the database.

CAPITO is executedin orderto print someinformation on the executionlisting aboutthe
observations distribution and their error standard deviation.

9. Departurescalculation

The departurescalculationis not a specific CANARI code, the samesubroutinesare usedto
computethe departuredor the different analysismethods(3D-var, 4D-var, screening) Only the
code which concerns CANARI is described here.

This partis controlledby the subroutineCADAVR, which is calledat the beginningof CANARI
to computethe observeddeparturesand at the end to computethe analyzeddepartureunder
control of thekey LRESCPL(moduleQALORI)). Main of thework is doneby STEPO calledwith
the configuration 'OM100C000’ by CADAVR. The corresponding tree is :



STEPO

TRANSINVH | ETRANSINVH
SCAN2H
B SCAN2MDM
SC2CGAP
COBS
COBSLAG
. OBSHOR
SLINT
MPOBSEQ
OBSV
CASTOR
TASKOB
— HOP
PREINT
PREINTS
PPOBSAP
CALVER
B CAINSU

HDEPART

The subroutineTRANSINVH (ARPEGEcase or ETRANSINVH in the ALADIN case)is called
(dueto the 1 in the third positionin the STEPOconfiguration)in orderto transformthe spectral
arrays of the model fields in their gridpoint representationThen SCAN2H is called, it is the
subroutinewhich manageghe gridpoint computationdrom STEPO.It calls SCAN2MDM which
checksthe size of the modelfields buffer (filled after TRANSINVH), calls SC2CGAPIn orderto
initialize the pointer addresdor eachfield, managesa loop over points packets(NPROMA size)
which calls COBS in orderto fill somecorrespondindocal arrays,eachwith a small part of a



model field, andfinally calls COBSLAG which preparethe horizontalinterpolations COBSLAG
organizesthe work with a loop over observationgackets(known thanksto observationgelated
global arrays (cf. MKGLOBSTAB)) and calls the subroutineOBSHOR which marks out the
latitude andthe longitudepositions,calls SLINT which really performstheinterpolationgor all the
model fields andthen calls MPOBSEQwhich fills the global arrayswith the modelequivalentof
eachfield for eachgeographicalocationlisted by COBSLAG. Theseglobal arraysareincludedin
the moduleYOMMVO for the modelfields (upperairand surface),YOMCTOBS for the constant
fields (albedo,vegetationandso on) and QARBUR for the modelerrorfields (CANARI specific).
At this stage,all the quantitiesknown by the model are interpolatedat each observationpoint
(horizontalpartonly). And notethatduring all this work, the ODB is closedbecausall is donein
connection with the gridpoints, there is no local observation array.

Thenthe work involving the obervationsegins.STEPOcalls OBSV (dueto the'C’ in the sixth
position of the call configuration)in orderto managethe vertical part of the interpolation.OBSV
first calls CASTORwhich accesseso the ODB anddividesthe observationsn severalpacketsof
sametype (information savedin the module YOMOBSET). Then OBSV calls TASKOB which
calls the observationoperatorsubroutineHOP in a loop over the observationgpackets.HOP is a
very importantsubroutinewhich initializes somelocal arraysaccordingto the observationst hasto
deal with, accesseto the ODB, callsPREINT in orderto preparethe interpolationby filling some
local arrays with all the necessaryinformation about the observations(orography, horizontal
first-guessequivalentcomputedjust before) and about the model (pressurelevels, temperature
profile), calls PREINTS which addslocal arraysfilled with someinformation necessaryor the
surfaceobservationsThen HOP preparesa loop on the model variablesso the sameobserved
parameter®f thewhole packetareprocessedogether And in this loop, accordingto the parameter
type, the correspondingobservationoperatoris called : PPOBSAPfor the upperair variables
(LCAPACH supposedo be . TRUE.), PPOBSACfor the surface variables(LCACHMT supposed
to be . TRUE.) exceptthe snowandthe surfacepressuravhich areprocessedby a specificoperator,
PPOBSN and PPOBSAZ respectively.Then HOP calls CALVER which performsthe vertical
interpolation of the model error standarddeviation (storedin QARBUR by MPOBSEQ), calls
CAINSU in order to define the parametersf the statistical model on the currentlevels, then
updateghe ODB with the appropriatemodelerror standarddeviationfor eachparameterFinally,
HOP calls HDEPART which computesthe difference observationminus model equivalentand
updatesthe ODB with the observeddeparturefor all the parameterof the currentobservations
packet.

Oncethe departuredave beercalculated,CADAVR calls the subroutineCANCER in orderto
check the observationsvalidity versus the first-guess. CANCER computesthe normalized
departuresthenprints somestatistics(for eachparametepof eachobservatiortype)in orderto have
an ideaaboutthe distribution of the observationgby classesr globally). CANCER updatessome
quality flags of the observationsthe "first-guess"one andthe "final" one (cf. chapterll for a
detailed description of these flags) and saves them in the ODB as well as the normalized departures.

10. Spatial quality control

As alreadymentionedn this documentatior{82.2and85.3),the spatialquality control consistan
an analysisperformedat eachobservatiorpoint without this observationtself. The calling tree of
the analysissubroutinesis shown here, but not thesesubroutinesthemselvesthis is donein a
specific chapter about the heart of the Ol itself (cf. chapter 13).

This part of the codeis controlledby the subroutineCAVODK, calledby CANARI (cf. §6.3)
according to the value of the key LAECHK (cf. 86.2.3). The calling tree is :



CAVODK

CARATK

CARNAK
CANACO
CANEVA
CANEVA
CANACO

CARATK performssomeinitializations for the specific Ol of the spatialquality control, these
variablesare storedin the module QADORE (pleasenote that theseinitializations are tunablefor
the analysisstepitself (via NADOCK for QADOCK) astheyaredoneby DATA instructionshere).
Then CAVODK accessedo the ODB in orderto savein somelocal arraysall the necessary
information aboutthe observationf the involved pool (cf. 85.3to remind how this partis built
regardingdistributedmemory)and calls CARNAK which performsthe control itself. To do this,
CARNAK calls CANACO which allowsto accesso the ODB andto havea globalvision of it (i.e.
for all the observation®f all the pools).After this CARNAK worksby aloop overthe observations
of its own pool (thanksto the local arraysfilled by CARNAK), it calls CANEVA a first time in
orderto performthe geographicabkelectionaroundthe observationwhich is being processedand
thenin aloop overthe parametergalls CANEVA againto do the statisticalselectionandbuild the
linear systemand solve it. Then CARNAK updatesthe spatial quality flag of the parameter
accordingto theresultof thelocal analysis(cf. chapterll). At theend, CANACO is calledagainto
closethe global accesgo the ODB. After all thesesteps,CARNAK accesse$o the ODB againin
order to save the spatial quality flag.

11. Quality flag
11.1. Description of theflagsin the ODB

The mainflag which is usedin CANARI is called"anflag" in the ODB nomenclatureasanalysis
flag. This flags existsfor eachparameteBODY table). Someotherflags appearin the ODB, as
"status” in the HDR table, but it is only usedin the screeningconfiguration. Another one is
"rdbflag”, as databasdlag (for eachparameterBODY table),usedin CANARI too. Theseflags
consistin a list of bits wheresomeinformationis coded.The 1-bit informationis accessibléhanks
to a setof in-line functionscodedin the module QABITU which allow to readandto write some
bits in the flags. Each bit has a name which is assigned in the module QAKEKI.

The databasdlag rdbflagis codedover 30 bits, the first half concernghe quality of the vertical
coordinateandthe secondhalf the quality of the parameteitself. Each15 bits packethasthe same
structure (the name of each bit is given too (first packet/second packet)) :



bit 1 0 no human control NDBCVS/NDBPAS
1 human control

bit 2 0 no correction by the meteorological databank preprocessing NDBCVPR/NDBPAPR
1 correction by the meteorological databank preprocessing
bit 3 0 no constraint on the parameter NDBCVF/NDBPAF
1 “"forced" parameter
bits 4 and 5 0 correct parameter NDBCVCQ/NDBPACQ

1 probably correct parameter
2 probably incorrect parameter
3 incorrect parameter

bit 6 0 no controlled or software initialized parameter NDBCVCQM/NDBPACQM
1 human control initialized parameter
bits 7and 8 0 correct parameter versus previous analysis NDBCVACQ/NDBPAACQ

1 probably correct parameter versus previous analysis
2 probably incorrect parameter versus previous analysis
3 incorret parameter versus previous analysis
bit 9 0 parameter no used by the previous analysis NDBCVAU/NDBPAAU
1 parameter used by the previous analysis
bits 10 to 15 0 not used

Theanalysisflag is codedover 29 bits, thefirst 20 correspondo the quality of the parameteand
the next 9 to its use in any variable analysis. So its structure is :

bits 1 to 4 : final quality code NCQFxx
bits 5 to 8 : first-guess quality code NCQExx
bits 9 to 12 : spatial quality control code NCQKxx
bits 13 to 16 : variational quality code (not used in CANARI) NCQVxx
bits 17 to 20 : blacklist code NCLNxx
bit 21 : if set to 1, parameter used in the surface pressure analysis NCUPS
bit 22 : if set to 1, parameter used in the wind and temperature analysis NCUUVT
bit 23 : if set to 1, parameter used in the relative humidity analysis NCUHU
bit 24 : if set to 1, parameter used in the 2 meters temperature analysis NCUT2M
bit 25 : if set to 1, parameter used in the 2 meters relative humidity analysis NCUH2M
bit 26 : if set to 1, parameter used in the 10 meters wind analysis NCUV10
bit 27 : if set to 1, parameter used in the precipitations analysis (not coded yet) NCURR
bit 28 : if set to 1, parameter used in the snow analysis NCUSN
bit 29 : if set to 1, parameter used in the SST analysis NCUSST

and for each of the five first codes :

bit 1 0 no information

1 correct parameter (xx=CO)
bit 2 0 no information

1 probably correct parameter  (xx=PC)
bit 3 0 no information

1 probably incorrect parameter  (xx=PI)
bit 4 0 no information

1 incorrect parameter (xx=IN)

The bits 21 to 29 are updated by the different variables analysis steps themselves.



11.2. Update of the quality flags

Theblacklistflag is updatedoy the softwarewhich buildsthe ODB (calledbatodb).Only the bits
1 or 4 (NCLNCO or NCLNIN) can be changed.

The first-guessflag is updatedby the subroutineCANCER (cf. end of chapter9) for each
parameteronce the normalized observeddeparturehas been calculated.First, the parameteris
declaredncorrect(NCQEIN=1andevenNCQFIN=1)if it is obviouslybad(erroneousltitude,too
big differencebetweenthe observationaltitude and the model orography,observeddeparturenot
calculated,...).Then, the normalizedobserveddepartureis comparedto a threshold(RCOEFK,
moduleQAMCOK, setby NAMCOK (cf. 86.2.3)).If it is biggerthanthe correspondiniRCOEFK
(accordingto the parameterandthe observatiortype), the parameters declaredorobablyincorrect
(NCQEPI=1).If it is betweenRCOEFKand70% of RCOEFK,the parameteis declaredorobably
correct (NCQEPC=1).If it is smallerthan 70% of RCOEFK, the parameteris declaredcorrect
(NCQECO=1).

The spatial quality code is updatedby the subroutineCARNAK (cf. chapter10) for each
parameteroncethe analysiswithout the observatiorto control hasbeenperformed.The sametest
againstthe samethresholdthanin CANCER has beenperformedfor the normalizeddifference
(obs-anaxndthe variousbits of the newflag areinitialized (NCQKCO,NCQKPC,NCQKPI). The
parameteiis declaredincorrect(NCQKIN=1) if the analysiserror varianceis biggerthan 90% of
the first-guess error variance.

Thefinal quality flag is updatedby the subroutineCANTIK beforethe modelvariablesanalysis
itself. It is this codewhich definesif a parametercanbe usedor no in the analysis.This flag is a
synthesisof the previouslyupdatedcodeg(NCQExxandNCQKxx) andof the databaséag (rdbflg,
updatedby the softwarebatodb).In any case,if the parametelis blacklisted(NCLNIN=1), it is
incorrectandthefinal quality flag is updatedNCQFIN=1).If it is forced(NDBPAF=L1in rdbflag),
it is declaredcorrectand NCQFCOis setto 1. If it hasbeendeclaredbadby the first-guesscheck
(NCQEIN=1), it is still incorrectand NCQFIN is setto 1. Otherwise,accordingto the spatial
quality control,if the parameters correct(NCQKCO=1)it is still correctandNCQFCOis setto 1,
if it is probablyincorrectNCQFPIlis setto 1. In the othercase(NCQKPC=1or NCQKIN=1 or no
control performed(LAECHK=.FALSE.), this meansthat the spatial quality control only do not
allow to conclude) the first-guesscheckresultis takeninto accountandif the parameteis correct
(NCQECO=1)it is still correctand NCQFCOis setto 1, if it is probablyincorrect(NCQEPI=1)
NCQFPIis setto 1; inthe othercase(NCQEPC=1)aswe cannot concludeat this stage thefinal
flag is updated according to the result of the meteorological databank preprocessing,if
NDBPACQ<=1 then NCQFCO is setto 1 and if NDBPACQ>1 then NCQFPI is set to 1.

12. Meteorological variables analysis or ganization

12.1. General organization

Oncethe systemhasdefined which observationsare of a good quality, the analysisitself can
begin. It is managedy the subroutineSTEPO,called underthe configuration'OM1001AAQ’, by
the subroutineCANARI (cf. 86.3).1t is remindedherethata call to CANACO hasbeenperformed
just beforein orderto accesgo the ODB andto producea globalview of the observationsvhatever
the number of processors may be. The calling tree is :



STEPO

TRANSINVH | ETRANSINVH

SCANZ2H

L

SCANZ2MDM

SC2CGAP

CAPOTX

TRANSDIRH | ETRANSDIRH

CACLSI

GPPREH

GPXYB

GPPREF

GPRCP

GPGEO

ACSOLW

ACHMT

CANEVA

CAPSAX

GPPRE

CAVTAX

CAHUAX

CAT2AS

CAH2AS

CAV1AS

CASNAS

CASTAS

CACSTS

CACLSI




The subroutineTRANSINVH (ARPEGEcase or ETRANSINVH in the ALADIN case)is called
(dueto the 1 in the third positionin the STEPOconfiguration)in orderto transformthe spectral
arrays of the model fields in their gridpoint representationThen SCAN2H is called, it is the
subroutinewhich manageghe gridpoint computationdrom STEPO.It calls SCAN2MDM which
checksthe size of the modelfields buffer (filled after TRANSINVH), calls SC2CGAPIn orderto
initialize the pointer addresdor eachfield, managesa loop over points packets(NPROMA size)
inside which CAPOTX is called. CAPOTX is the deeperlevel subroutinewhich organizesthe
analysis.It is a very modularsubroutineall the necessarynformationconcerningthe modelfields
is passedasexplicit argumentsThe analysismaskis usedjust beforethe call to CAPOTX to pack
themodeldatain orderto sendto the analysismodulesonly theinformationaboutthe pointswhich
haveto beanalyzedln SCAN2MDM, after CAPOTX, theanalyzedyridpointvaluesfor the various
variablesare put at the right placein the sourcearrays.Finally, TRANSDIRH (ARPEGEcase,or
ETRANSDIRH in the ALADIN case)is called(dueto the A in the eighthpositionin the STEPO
configuration)in orderto transformbackthe gridpoint arraysof the modelfields in their spectral
representation.

12.2. Local organization : the subroutine CAPOTX

The modelvariablesare passedo CAPOTX asexplicit argumentsn the form of to be analyzed
gridpointsarrays,one array for eachmodelupperairfield andanotherarrayfor the surfacefields.
The first thing to do now is the computationof the boundarylayer fields (they are not in memory
yet becausehey arenot explicit modelvariables).This is doneby the subroutineCACLSI. It calls
somecommonroutinesin orderto definethe vertical structureof the modelandto initialize some
meteorologicalquantitieswhich are necessarpeforecalling the subroutineACHMT which really
performsthe calculationof thesefields (vertical complexinterpolationbetweensurfaceand lower
level of themodelfor eachfield). The secondstep is the selectionof the observationsvhich will be
usefull for the currentsetof gridpoints.This is doneby a call to CANEVA, which performsonly a
geographicakelection(accordingto the calling options). The involved observationsare storedin
arrayswhich will be accessedby all the analysismodules.After that, accordingto the optionsof
NACTEX, the various meteorological variables analysis subroutines are called :

- CAPSAX for the surface pressure analysis,

- CAVTAX for the upperair wind and temperature analysis,
- CAHUAX for the upperair relative humidity analysis,

- CAT2AS for the 2 meters temperature analysis,

- CAH2AS for the 2 meters relative humidity analysis,

- CAV1AS for the 10 meters wind analysis,

- CASNAS for the snow analysis,

- CASTAS for the sea surface temperature analysis.

After CAPSAX, if any upperairanalysishasto be performed,GPPREIs called in order to
computethe new half andfull modellevels pressurederivedfrom the new surfacepressureThe
eight variable analysissubroutinesare built in the sameway : the model errors statisticsrelated
local arraysare initialized accordingto the predictorslist definedfor the analysisof the current
predictand(module QAPREX), then CANEVA is called in orderto build and solve the linear
systemfor eachgridpoint (loop on the horizontaldimensionfirst, and on the vertical dimension
later if upperairanalysis)(cfchapterl3). To finish, the local modelfield arrayis incrementedvith
the analysisresult,the analysiserroris savedandthe diagnosticgelatedarrays(module QADIAG)
arefilled. It is not mentionedon the tree (to saveplace),but the subroutineCACDGU is called
severaltimesin orderto prepareheseanalysisdiagnosticarrays.The purposés to controlthework
doneby the analysis;so for eachanalyzedvariable,somestatisticsare calculatedmean,standard
deviation, minimum, maximum)for the next five fields : guess,analysis,increment,size of the
linear systems,analysiserror standarddeviation divided by the guesserror standarddeviation



(markerof the analysisefficiency). CACDGU updateghe appropriatearraysfor the currentsetof
points, variable by variable.

Oncethe Ol analyseshave beerperformed,CAPOTX calls CACSTSin orderto calculatethe
surfacefields over land on one hand,wherethe surfaceand soil temperaturesndthe surfaceand
soil water contentare derivatedfrom the 2 metersanalyzedincrement(temperatureand relative
humidity) according to ISBA and smoothed by the use of the historical increments
(ICMSHxxxxLISSE) andthe climatologicalrelaxation the snowheightis updatedoo accordingto
the surfacetemperatureand the climatological relaxation,over seaon the other hand where the
surfacetemperatures updatedoy the useof the SST analysisand smoothedby the climatological
relaxationtoo (andthe soil temperatures setequalto the surfacetemperature)Finally, according
to LAECDS, CACLSI is calledin orderto computeagainthe boundarylayerfields accordingto the
new surface conditions.

13. Theheart of thenumerical Ol : linear systems management and solving

The numericaloptimum interpolationis managedy the subroutineCANEVA, which is called
severaltimesin CANARI. This routine allows to realize the geographicalselectionamongthe
observationon one hand, the statisticalselectionamongthe parametergpredictors)on the other
hand andthento build the linear systemand solve it (this can be donefor a vertical or point by
point). The work performedby CANEVA is controlledby somecalling options,andthe different
stepscan be executedseparatelybut thereis a logical link betweenthem)or in onecall. All the
involved subroutinesare part of whatis calledthe heartof the Ol analysispackageTheir nameis
alwaysCA...A. An effort hasbeenmadeto documentthe code,so therearea lot of commentary
lines that everybody can refer to in order to understand how each subroutine is coded.

CANEVA is calledwith alargenumberof optionsin orderto increasats modularity.Hereis the
description of the input arguments :

- KQUOI : integer variing from -3 to 3 which specifies what CANEVA has to do :
KQUOI = 0 : only geographical selection (geo),
KQUOI =1 : geo + point by point both statistical selection (stat) and analysis (ana),
KQUOI = 2 : geo + stat on a vertical + point by point ana,
KQUOI = 3 : geo + both stat and ana on a vertical,
KQUOI < 0 : idem KQUOI > 0 but without the geographical selection;
- KANTY : integer variing from O to 10 which specifies how CANEVA has to be used :
KANTY = 0 : analysis,
KANTY =1, 2,...,10 : spatial quality control of the observations of type KANTY;
- KTASK : number of the computer task;
- PDISTR : maximum distance of each observation type research around a point (in meters);
- PDELTA : maximum vertical distance of each observation type selection in pressure (in Pa);
- PDELPI : minimum distance between 2 selected levels from the same observation (in Pa);
- KMXGSL : maximum number of observations of each type allowed for the geogaphical research;
- KMXGQ : maximumnumberof observationof eachtype allowed in eachquadrantafter the
geographical selection;
- PCORMIN : minimum correlation for a predictor to be selected;
- PSTRET : stretching function for the horizontal correlation estimation;
- PLATA : latitude of the points to be analyzed,;
- PLONA : longitude of the points to be analyzed;
- PRESSS : pressure of the points to be analyzed,;
- KNBPH : number of points to be analyzed on the horizontal grid;
- KNBPV : number of points to be analyzed on the vertical;
- KNXI : number of the statistical model for each predictand;



- KNLXI : number of predictand types (length of KNXI);

- KNYJ : number of the statistical model for each predictor;

- KNLYJ : number of predictor types (length of KNYJ);

- KNM : number of predictors to be selected by analysis point for each predictand of KNXI;
- PSIGS : first-guess error basic standard deviation.

Output arguments :
- PSIGPS : updated first-guess error standard deviation (really used - cf. module QAVARI);
- PRESIA : analysis increments;
- PSIGA : analysis error standard deviation;
- KNPR : number of used predictors by gridpoint.

It is importanthereto understandhe differencebetweenan observatiorandits parametersi.e.
between a spatial-and-timeposition and the observedvalues. The geographicalselectionis
performedoveralist of latitudes/longitudessvenwhenthe statisticalselectionis performedamong
the observedparameter®f the spatiallyselectedbservationsThatis the reasonrwhy CANEVA is
called a first time in CAPOTX in orderto perform the geographicakelectionfor the concerned
gridpoints (packettreatedby this CAPOTX call), and CANEVA is called later with a negative
KQUOI by eachanalysissubrouting(CA...X or CA...S,cf. chapterl2) accordingto the predictand
(variableto be analyzed)on the sameway, for the spatialquality control,in CARNAK, thereis a
loop on the observationswith afirst call to CANEVA, andinside anotherloop on the parameters
with a new call to CANEVA for each of them).

The purposeof the Ol subroutinegpackages to be ableto analyzeevery parametefpredictand)
with every parameter(as predictorthis time); but in fact this is reducedaccordingto the frame
involved by NAMPRE (savedin QAPREX, cf. 86.2.2)andthe fact thateachparametehasto have
an associated statistical model (saved in QAVARA by CANAMI, cf. 86.2.2 again).

CANEVA is theinterfacesubroutinebetweenthe Ol heartandits users.It checksthe validity of
someinput argumentgsomeanalysisarrayshavea sizewhich is limited by a parametexcf. list in
the module QAPABL)), then organizesthe predictors and the predictandsand finally calls
CANADA with the sameargumentswhich really manageshe work to do (in a loop over the
horizontal dimension KNBPH).

The calling treeis as shownbelow (the threedashboxescorrespondo the threemain actions:
geogaphicalselection, statistical selection and analysison a vertical, statistical selectionand
analysis point by point) :
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13.1. The geographical selection

CANADA calls CASGVA which manageghis geographicakelection. CASGVA organizesa
loop over all the observation types and calls CASGRA and then CASGQA for each type.

CASGRAfirst calls CACHBU in orderto determinethe numberof the observatiorboxeswhich
haveat leasta part which is includedin a circle of radiusthe maximumresearciHengthPDISTR
and centeredon the position (latitude PLAT andlongitudePLON) of the processegboint. The use
of theseboxesallowsto savea lot of time and computationgtheir numberhasbeeninitialized by
CABOTU (cf. chapter8)). ThenCASGRA computeghe distancefor all the observation®f all the
selectedboxesandextractsonly thosewhich arelocatedaroundthe vertical of the cylinderwith the
previouslyreferredradiusuntil the maximumnumberof observationgllowed KMXGSL (for each
type). And the sumof all the selectedbbservationsnustbe inferior to the fixed parametedPK3SE
(module QAPABL) (be carefull, theselast constraintcan bring aboutthe non-reproductibilityof
CANARI according to the number of processors involved in the job).

CASGQArealizesthe selectionby geographicatector(i.e. a quadranin mostof the cases) the
selectedobservationgaresortedby sectorandif the maximumnumberKMXGQ allowedis reached
then the nearestobservationsof the vertical (PLAT,PLON) by sector are savedin the final
observations arrays (this is done in order to have a maximum isotropy in the distribution).

It is importantto notethatthis selectionis doneby vertical, this meanghattheresultis the same
for all the pointsof a modelvertical; soit is not necessaryo performthis selectionsuccessivelyor
several points of the same vertical ...

13.2. The statistical selection

This statisticalselectioncanbe performedfor a point or for a vertical. CANADA calls CASSVA
in orderto managehis very importantpart of the numericalOl; a call to CAINSU performedjust
before initializes some parameters of the structure functions depending on the location.

The first stepis performedby CASPIA which selectsthe interesting predictorsamong the
previousselectedbservationga predictoris a measuregarametegat a givenlevel). In fact these
interesting predictorsare thosewhich are listed as right predictorsfor the involved predictands
(definedby KNYJ), which havea quality flag setto "good" andwhich arein agivenpressurdayer.
If the selectionis donefor a vertical, all the levelsabovea given pressurgpressureof the lowest
level plusPDELTA) arekept;if the selectionis donefor a point, only thelevelswhich areincluded
in a layer aroundthe point pressureare kept. More, in order to avoid someproblemswith the
observationswhich havea lot of levels, an interdistanceconstraint(PDELPI) is applied on the
vertical (betweerthe parameteref eachobservationtself), in suchaway thatthe nearestevel of
the work level is kept.

After CASPIA, CASSVA calls CASELA which performsthe statistical selectionitself. First
CACOVA is calledin orderto calculatethe correlationsbetweenthe first-guesserrorsat a given
point for the variablesto be analyzed(predictandsjandthe first-guesserrorsfor a list of selected
predictors (horizontal part first, and then vertical part for the upperair variables).From these
correlations,we obtain the covariancesand the normalizedcorrelations(by the observationerror
andthefirst-guesserrorat the observatiorpoint (predictor)). CAMERA is calledlaterby CASELA
in orderto selectthe bestpredictorsaccordingto the next criteria : the predictorhasa minimum
correlation(PCORMIN) with atleastonepredictandandarekeptthosewhich presenthe maximal
correlationwith the predictandsThis last stepis donein the orderof the predictandsasdefinedin
thetableNVXINV (moduleQAVARA), andasa maximumKNM predictorsarekeptby predictand
in order to select different predictors for each predictand but without exceedingthe limit
KNM*KNBPV; andoncea predictorhasbeenselectedby a predictandthe otherpredictandsan
not take it and they haveto selectless correlatedpredictors. Then CASELA savesthe accurate
covariances because they provide the rightenside of the linear system.



It is importantto notethatit is not necessaryo do the statisticalselectionfor somepointswhich
are very closeon the samevertical, becausat is quite surethat the selectedoredictorswill be the
same ... It is better to perform this selection on a vertical !

13.3. Thelinear system

If the predictorsselectionhasbeenperformedon a verticalandif the solving of thelinear system
hasto be donepoint by point, a newcall to CAMERA is performedin orderto selectthe predictors
for the given point, but only between those which have been selected for the vertical.

The flag which describes if a parameter has been used by one analysis is updated (cf. 811.1).
CANADA calls CATRMA in order to build the matrix of the linear system,i.e. CATRMA
calculatesall the interdistanceb®etweerthe predictors thenthe covariancebetweerthe first-guess
errorsandbetweerthe observationgrrors(hypothesiof separabilitydonefor the estimationof the

correlations) for the involved predictors are computed, and the variances too.

ThenCANADA calls CALINA which organizeshe arraycontainingthe leftenside(matrix (n,n))
and the rightenside(matrix (m,0)) of the linear systemand then calls the mathematicsubroutine
MINV with this array in order to solve the linear system.

If thereis a problem,the programcrashesut just beforea call to CAIMMA is donein orderto
print the linear system (to allow the user to understand where the error occured).
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Annex 1

Exampleof a scriptto submitin orderto run CANARI for ALADIN Franceon the Meteo-France
VPP computer (1 processor).

Thisjob is quasi-operationadt Meteo-Franceit runswith surfaceobservation®nly, extractedon
a domaina little biggerthanthe France All the variablesareanalyzedoy the Ol (but the updateof
the surfacefields is not performedbecausehereis no interestin doing this). The purposeis to
examinethe boundarylayer fields only andto havethe reportof the "surface"observation®n the
vertical (to compute later convection diagnostic fields).

# @%-eo -re701
# @3%-IT 1200 -IM 2500mb -IV Omb
#@%IP 1

set -x
export VPP_MBX_SIZE=32000000
cd $tmpdir

AA=$( echo $dat | cut -c1-4)
MM=$( echo $dat | cut -c5-6 )
JJ=$( echo $dat | cut -c7-8)
HH=$( echo $dat | cut -c9-10)

#
# Input files recover{obs, guess)

ftget<<XX

/chaine/mxpt/mxpt001/ald_horaire/oper/$AA/SMM/$JJ/guess_ $HH ICMSHANALINIT
/chaine/mxpt/mxpt001/ald_horaire/oper/$AA/$MM/$II/OBSODBF-.tar fichiers_obs
XX

tar xvf fichiers_obs
cp obsodbf.$HH ficobs

mkdir obs_init

cd obs_init

tar xvf $tmpdir/ficobs
cd $tmpdir

#
# Specific CANARI files recovery

cp ~mxpt001/arpege/france/oper/const/autres/rszcoef fmt rszcoef fmt
cp ICMSHANALINIT ELSCFANALALBCO00

export IOASSIGN=~mxpt001/arpege/france/oper/const/autres/ioassign



#
# Configuration definition

NCONF=701
VERSION=meteo
TSTEP=1.
NSTOP=t0
ADVEC-=sli
MODEL=aladin

export TO_ODB_ECMWEF=0

export ODB_STATIC_LINKING=1

export ODB_SRCPATH_ECMA=$tmpdir/obs_init
export ODB_DATAPATH_ECMA=$tmpdir/obs_init

export ODB_CMA=ECMA
export ODB_TRACE_FILE=listing_odb

#
# Namelist

cat << FIN > fort.4

&NACOBS
OROLIM=1500.,
ORODIF=800.,

/

&NACTAN
LANMASK=.TRUE.,
ALATNB=53.,
ALATSB=41.,
ALONWB=353.,
ALONEB=10.,

/

&NACTEX
LAEOMF=.TRUE.,
LAECHK=.TRUE.,
LAEPDS=.TRUE.,
LAEUVT=.TRUE.,
LAEHUM=.TRUE.,
LAET2M=.TRUE.,
LAEH2M=.TRUE.,
LAEV1IM=TRUE.,
LAESNM=.FALSE.,
LAESST=.FALSE.,
LAEICS=.FALSE.,
LAECDS=.FALSE.,
LAESTU=.FALSE.,
LAESTA=.FALSE.,
LAEWIO=.TRUE.,
LAEOMN=.TRUE.,
LAERFO=.TRUE.,
RCLIMCA=0.0,



RCLISST=0.0,
LAEINC=.FALSE.,
NAEINC=0,
NSSTLIS=0,

/

&NACVEG

/

&NADOCK
QDSTRA(1)=1000000.,0.,0.,1000000.,1000000.,1000000.,0.,0.,0.,0.,
QDSTVA(1)=10000.,10000.,10000.,10000.,10000.,10000.,10000.,0.,0.,0.,
MINMA(1)=15,5,5,15,15,15,8,0,0,0,
QCORMIN(1)=0.05,0.05,0.05,0.05,0.05,0.05,0.05,0.05,0.05,0.,
QDELPI(1)=3000.,3000.,3000.,1000.,5000.,5000.,5000.,1500.,5000.,0.,

/

&NAEPHY

/

&NAERAD

/

&NAIMPO

/

&NALORI
RCALPH=0.0,

/

&NAMAFN

/

&NAMCAPE

/

&NAMCFU

/

&NAMCHK

/

&NAMCOK
RCT2TP=3.0,
RCT2SY=3.9,
RCH2SY=2.5,
RCV1SY=4.1,

/

&NAMCTO
LFDBOP=.FALSE.,
NSPPR=1,

/

&NAMCT1
LRFILAF=.FALSE.,

/

&NAMCVA
NVATRU=-1,

/

&NAMDDH

/

&NAMDIF

/

&NAMDIM



NPROMA=8190,
NFPP3M=0,

/

&NAMDMSP

/

&NAMDPHY
NVRS=4,

/

&NAMDYN
NLOSP=0,

/

&NAMFA
NBITCS=-1,
NSTRON=-1,
NBITPG=-1,

/

&NAMFFT
NFFTW=1020,

/

&NAMFPC

/

&NAMFPD

/

&NAMGEM

/

&NAMGMS

/

&NAMGOES

/

&NAMGRIB

/

&NAMINI
NEINI=0,

/

&NAMIOS

/

&NAMIG

/

&NAMJIO

/

&NAMLCZ

/

&NAMLEG

/

&NAMMCC

/

&NAMMETEOSAT

/

&NAMNMI

/

&NAMNUD

/



&NAMOBS
LSLREJ=.TRUE.,

/

&NAMOPH

/

&NAMPARO
NPROC=1,
NPROCA=1,
NPROCB=1,
NOUTPUT=1,

/

&NAMPAR1
LOCKIO=.FALSE.,
LSPLIT=.FALSE.,
NSTRIN=1,
NSTROUT=1,

/

&NAMPHY

/

&NAMPHYO
USURICL=4.,

/

&NAMPHY1

/

&NAMPHY2

/

&NAMPHY3

/

&NAMPHYDS

/

&NAMPONG

/

&NAMPPC

/

&NAMPRE
IPRSK(1,1) = 1, 3, 4,
IPRSK(1,2) = 2,
IPRSK(1,3) = 29,
IPRSK(1,4) = 1, 2, 57,
IPRSK(1,5) = 11,
IPRSK(1,6) = 80, 92,
IPRSK(1,8) = 39,
IPRSK(1,9) = 58,
IPRSK(1,10)= 41, 42,
IPRSA(L,1) = 1, 2, 3, 4,
IPRSA(L,2) = 2, 3, 4,41, 42, 39,
IPRSA(L,4) = 29, 58,
IPRSA(L,5) = 39,
IPRSA(L,6) = 58,
IPRSA(L,7) = 41, 42,
IPRSA(L,8) = 80, 92,
IPRSA(L,9) = 11,



/

&NAMRES

/

&NAMRIP

/

&NAMSCAT

/

&NAMSCC

/

&NAMSENS

/

&NAMSIMPHL

/

&NAMSTA

/

&NAMSTOPH

/

&NAMTOPH

/

&NAMTOVS

/

&NAMTRAJP

/

&NAMTRANS

/

&NAMVAR

/

&NAMVDOZ

/

&NAMVFP

/

&NAMVRTL

/

&NAMVV1

/

&NAMVWRK

/

&NAMXFU

/

&NAMZDI

/

&NAM_CANAPE
REF_STAT(1,2) = 7.00,
REF_STAT(2,2) = 7.20,
REF_STAT(3,2) = 7.60,
REF_STAT(4,2) = 7.90,
REF_STAT(5,2) = 8.30,
REF_STAT(6,2) = 8.70,
REF_STAT(7,2) = 10.10,
REF_STAT(8,2) = 11.30,
REF_STAT(9,2) = 12.70,
REF_STAT(10,2) = 14.40,



REF_STAT(11,2) = 15.60,
REF_STAT(12,2) = 16.90,
REF_STAT(13,2) = 19.90,
REF_STAT(14,2) = 22.00,
REF_STAT(15,2) = 24.10,
REF_STAT(16,2) = 26.40,
REF_STAT(17,2) = 29.00,
REF_STAT(18,2) = 31.20,
REF_STAT(19,2) = 35.20,
REF_STAT(1,3) = 2.50,
REF_STAT(2,3) = 2.50,
REF_STAT(3,3) = 2.30,
REF_STAT(4,3) = 1.80,
REF_STAT(5,3) = 1.30,
REF_STAT(6,3) = 1.20,
REF_STAT(7,3) = 1.20,
REF_STAT(8,3) = 1.20,
REF_STAT(9,3) = 1.20,
REF_STAT(10,3) = 1.30,
REF_STAT(11,3) = 1.40,
REF_STAT(12,3) = 1.50,
REF_STAT(13,3) = 1.60,
REF_STAT(14,3) = 1.70,
REF_STAT(15,3) = 1.80,
REF_STAT(16,3) = 1.90,
REF_STAT(17,3) = 1.90,
REF_STAT(18,3) = 2.00,
REF_STAT(19,3) = 2.10,
REF_STAT(1,4) = 3.70,
REF_STAT(2,4) = 3.70,
REF_STAT(3,4) = 3.70,
REF_STAT( 4,4) = 3.10,
REF_STAT(5,4) = 2.70,
REF_STAT(6,4) = 2.80,
REF_STAT(7,4) = 3.10,
REF_STAT(8,4) = 3.40,
REF_STAT(9,4) = 3.80,
REF_STAT(10,4) = 4.10,
REF_STAT(11,4) = 4.00,
REF_STAT(12,4) = 4.00,
REF_STAT(13,4) = 3.90,
REF_STAT(14,4) = 3.80,
REF_STAT(15,4) = 3.60,
REF_STAT(16,4) = 4.20,
REF_STAT(17,4) = 5.00,
REF_STAT(18,4) = 5.30,
REF_STAT(19,4) = 6.10,
REF_STAT(1,5) = 0.20,
REF_STAT(2,5) = 0.20,
REF_STAT(3,5) = 0.20,
REF_STAT(4,5) = 0.20,
REF_STAT(5,5) = 0.20,



REF_STAT(6,5) = 0.21,
REF_STAT(7,5) = 0.21,
REF_STAT(8,5) = 0.22,
REF_STAT(9,5) = 0.22,
REF_STAT(10,5) = 0.22,
REF_STAT(11,5) = 0.22,
REF_STAT(12,5) = 0.22,
REF_STAT(13,5) = 0.22,
REF_STAT(14,5) = 0.22,
REF_STAT(15,5) = 0.22,
REF_STAT(16,5) = 0.22,
REF_STAT(17,5) = 0.22,
REF_STAT(18,5) = 0.22,
REF_STAT(19,5) = 0.22,
REF_S SST=0.8,
REF_S SN =1.0,
REF_S T2 =3.0,
REF_S_H2 =0.20,
REF_S V1 =5,
REF_A_SST = 300000.,
REF_A_SN = 100000.,
REF_A_T2 = 40000.,
REF_A_H2 = 40000.,
REF_A_VOR1= 60000.,
REF_A_DIV1= 50000.,
REF_NU_BL = 1.25,
REF_KP_BL = 400.,

/
&NAM_DISTRIBUTED_VECTORS
/

&NAPHLC

/

&NEMBICU

/

&NEMCTO
NBICOP=2,
NBICOQ=2,
NBICOT=2,
NBICOU=2,
NECRIPL=0,

/

&NEMDIM

/

&NEMDYN

/

&NEMGEO

/

FIN

#
# Looking for the executable



cp /u/ch/mxpt/mxpt001/aladin/horaire/dbl/exec/ALADIN MASTER

#
# Execution

MASTER -v$VERSION -eANAL -cSNCONF -t$TSTEP -f$NSTOP -a$ADVEC -m$MODEL

cat NODE.0O1_01
#cat listing_odb

#
# Output analysis file saving

ftput -q ICMSHANAL+0000 J98/analyse/alad_redo_all5 d${dat}

#
# Observations database saving

cd ${ODB_SRCPATH_ECMA}
tar cvf toto *
ftput -g toto J98/obs/odb_redo_d${dat}

ja



Annex 2
Description of the statistical model which is coded in CANARI :
1. General definitions :
Guess errors covariances for variable A at pointlid variable B at point are written :
<A1,B2> =0p op cor(A1,B2)

with : op standard deviation for the variable A,
op standard deviation for the variable B,

cor(Aq,B2) correlationbetweenguesserror on variable A at point 1 and guesserror on
variable B at point 2.

Homogeneity, isotropy and separability hypotheses allow us to write :

cor(Aq,B2) = corh(Aq,B2) xcorv(A1,B)
corh(A,B2) = fy(r)
corv(A,Bp) = gp(2)

with : corh(A,B2) horizontal correlation,
corv(4,B») vertical correlation,
fg(r) function of the horizontaldistancer betweenthe point M1 andthe point M2 with a
characteristic length d,
Op(z) functionof thedeparture betweerl 1 (pressurdogarithmatpoint1) andL 2 (pressure
logarithm at point 2) with a charateristic parameter p.

NB : Evenif in practicewe allow "slow" variationsof the variancesand the parametersvhich
define correlations with altitude and latitude, these parameters are considered constant in the formal
computations.

2. To define the statisticalmodel we use the variables¢ (geopotential),y (streamfunction)x
(potentialvelocity) andq (specifichumidity), with the hydrostaticrelationfor T (temperaturepnd
Helmotz relation for V (wind vector) :

T = -1/Ry * dgrdL
V =V + Vy = KOOy + O
with :  dL=d(InP)=dP/P,

Ry the perfect gaz constant for dry air
(§=6.0221367 1623« 1.380658 173/ 28.9644 163 = 287.0596 J/K/KQ),



Mp the rotational part of the wind,
\ the divergent part of the wind.

We defineuiI asthelongitudinalcomponen{componenbf wind tangento the arcfrom the point
M1 to the point M) and gt as the transverse component (direct orthogonal componqh} fou

Uil = Uj cosBj + vj sin B
Ut =-uj sin6; + vj cosB;
with : j eastward component,
y northward component,
6j angle between East at point i and arc from poifptd/point M.

Thenit will be possibleto expressasily andy correlationdrom  and correlationsusing
on the spherelatitude and longitudefor which arc from point M1 to point M2 is on the equator.
Thenfor thepoint Mj latitudeis zeroandlongitudeis "Aj" insteadof geographicalatitude"latj" and
longitude "loR".

With : R the radius of the earth {R6371229m),
co®t = <OM7 | OMp> / R** 2
= cos(lgtcos(lap) cos(lop-lonq) + sin(lay) sin(lap)
= 0.5 [cos(iataty) (cos(lorp-long)+1) + cos(lag+laty) (cos(lop-lonq)-1)],

A = sgrt(1-(cos)**2 ) = |sina|
r=Ra~2Rsin@2)~RA  r=R*A2-A1| =R *sign(2-A1) * (A2- A1)

dr/dAq =-R¢ * sign(A2 - A1)
dr/d\o = Rt * sign(A2 - A1)
dr/dg =0

d2r/d@1 492 |y =0 andgy=0= "R 2/ RA~-R™2 /T

We have :



cosPl) = cos(lap) sin(lomp-lonq) / A
cosP2) = cos(lag) sin(lomp-lonq) / A
sin(@1) = [sin(lap) cos(lag) - sin(lay) cos(lap) cos(lorp -lonq)] / A
= 0.5 [sin(latlaty) (cos(lorp-lon1)+1) - sin(lap+laty) (cos(lorp-lonq)-1)] / A
sin@2) = [-sin(laf) cos(lap) + sin(lap) cos(lag) cos(lorp-lonq)] / A
= 0.5 [sin(latlaty) (cos(lorp-lon1)+1) + sin(lap+laty) (cos(lorp-lon)-1)] / A

and

<uq,up> = cosP1) cosPs) <ugl,uol> + sin@q) sin®7) <uptun t>
<v1,vo> = sin@1) sin®2) <upl,uol> + cosPy) cosPr) <uptus t>
<uq,vo> = cosP1) sin®2) <up!,uol> - sin@1) cosPr) <uqtup t>
<v1,Up> = sin@1) cosP2) <upl,ul> - cosPq) sin@y) <uqt,up >

NB : <vp,u1>=<uq,vo> different from <v,up>=<up,v1>
except iB»-61=0 or 1 i.e. lop=lony or lom=lon1+1t

3. We set :
<QL.@2> =0, * 0@y, * fa(r) * 9k(2)

<Y1.y2> = 0yq * oy, * fah) * 9k(2)
<W1.@2> =W * Oy * O, * Faln) * 9k(2)

<QLWY2> =p* ogy * Oy, * Fo(1) * 9k(2)

<X1LX2> =0y * Oy, * fp(r) * 9k(2)
<X1.92> = <@1.x2> =0

<X1L,W2>=<Y1,x2>=0



<01.82> =09, * 09, * fc(r) * 9I(2)
<B1.2> = <1,82> =0
<61.W2> = <1,62>=0

<B1,X2> = <X1,62>=0

u is a coefficientrelatedto the geostrophismT he characteristidengthd usedby thefunctionfy is
a for the geopotentialand the streamfunctionp for the potential velocity and c for the specific
humidity. The characteristiclength p used by the function gy is k for the geopotential,the
streamfunction and the potential velocity, and | for the specific humidity.

Then using hydrostatism and Helmotz relation :
<T1,T2> =0y/Rd * Og/Rd * fa(r) * d2gi/dL1dL2(2)

<url,ul> = - [y, * oy /r * dfgldr(r) +ay g * Oy, * A2 /dr2(n)] * gk(2)
<urbupl> = - foy, * oy, * d24dr(r) + oy, * Oy Jr * dfydr(r)] * gk(2)

<U1|,U2t> = <U1t,U2|> =0

<u! gp> =<g1,1!> =0
<utlgp> = 4 * oy * O, * dfgdr(r) * gk(2)

<pp.upt> =P * agy * oy, * digldr(r) * gk(2)

We also lay down :

oy =0/ f =0¢/ max(22 sin(lat) Q)

OUX =v* OUl.IJ

with : Q the rotation of the earth with respect to stars
@ = 2rV86400 * [1. +1./ (365.25*@6.283076)] ~ A/86164 =7.2921151 1D rd/s).



4. We fix the horizontal and the vertical correlation functions :

fg(r) = exp(-1/2*(r/d)**2 )

Op(z) = 1./ (1.+ p 2**2)

then we have :
lIMmo.51<T1,T2>=lim1.>2 [ocpllR*0¢2/R*exp(-1/2*(r/a)**2)*2*k*(1-3k*z**2)/(1+k*z**2)**3]
0T **Q = (ocpllR)**Z *2*k

in a similar way we obtain : oy, = oy = sqrt 1/2*[0yy)2+(0yy)2] = sart[cy/ay+(oy/b)3]

0T =0¢/ Rg * sart(2*k)
Oy =V *bla* oy

Oy = Oy = sqrt(1v** 2) * (olp/a)
and then
<T1,T2> =0T, * 0T, * exp(-1/2*(r/a@) * (1-3*k*z 2)/(1+k*z2)3

<T1,@2> =0T * O, * Sqrt(2*K) * exp(-1/2*(r/af * z/(1+k*z2)2

<@1,T2> = Ogy * 0T, * Sqrt(2*k) * exp(-1/2*(r/af * z/(1+k*z2)2

<T1,Up>= [ * 0T * Oy, * SqIt(2*K) * sin®p) * r/a * exp(-1/2*(r/af) * [z/(1+k*z22)2]
<T1,Vo>=1* 0T, *Oy, * Sqrt(2*K) * cos@p) * r/a * exp(-1/2*(r/af) * [z/(1+k*z2)2]
<up,To>= [ * Oyy * 0T, * Sqrt(2+k) * sin@y) * r/a * exp(-1/2*(r/af) * [2/(1+k*z2)?]

<v1,To>=-i * Oyq * OT, *sqrt(2*k) * cos@y) * r/a * exp(-1/2*(r/af) * [z/(1+k*z2)?]

<upl,uol> = ouy* 0u2/(1+v2)*[exp(-1/2*(r/a)2)+v2*(1-(r/b)2)*exp(-1/2*(r/b)2)]*[1/(1+k*z 2]

<urtupl> = oy * ou2/(1+v2)*[(1-(r/a)2)*exp(-1/2*(r/a)2)+v2*exp(-1/2*(r/b)2)]*[1/(1+k*z )]



<uq,up> =0y *0u2/(1+v2)*{[cos(61) cos@p)+sin®1) sin®2) (1-(r/al )*exp(-1/2*(r/a)2) +
vé;‘[cos(el) cosPy) (1-(r/b)2)+sin@1) sin@2)]*exp(-1/2*(r/b)2)} * [1/(1+k*z 2)]

<vq,Vo> = cul*cu2./(1+v2)*{[sin( B1) sin@2)+cosP1) cosPs) (1-(rfa)*exp(-1/2*(r/a)d) +
v2*[sin(B1) sin®2) (1-(r/b)) + cosP1) cos@z)]*exp(-1/2*(r/b)2)]} * [1/(1+k*z 2)]

<uq,vo> = cul*cu2./(1+v2)*{[cos(el) sin@2) - sin@1) cosy) (1-(r7aP)*exp(-1/2%(r/a)2) +
vZ*[cos(1) sin®2) (1-(r/b)2) - sin@1) cos@r)]*exp(-1/2*(r/b)2)]} * [1/(1+k*z 2)]

<v1,Up> =0y *0u2/(1+v2)*{[sin( B81) cos@y) - cosPq) sin®) (1-(7ap)] *exp(-1/2*(r/a)y) +
le*[sin(e]) cos@)) (1-(r/b)2) - cos@y) sin@2)]*exp(-1/2*(r/b)2)} * [1/(1+k*z 2)]
<u,@2> = 41* 0y, * O, * [L/sart(1w2)] * sin(B1) * r/a * exp(-1/2*(r/af *[1/(1+k*z2)]
<V1,@2> = POy * Oy, * [L/5qrt(1+v2)] * cos@y ) * rfa * exp(-1/2*(r/af *[1/(1+k*z2)]
<Q1,Up> = PO *Oy, * [L/sqrt(1w2)] * sin(Bp) * r/a * exp(-1/2*(r/af *[1/(1+k*z2)]

<Q1.V2> = 44" G 1 * Oy, * [Usqrt(12)] * cos@p) * r/a * exp(-1/2%(r/af *[1/(1+k*z2)]

at last for thicknessA@ = ¢s - @
OA@2 = Oge? + 02 - 2 0s* Oi*gk(2) = Oge? + 02 - 2 Os* O *[1/(1+k*22)]

cor@@1, Agp) = [O¢sq* Ogsy *cor((psl,q_nsz) +0gi*Ogin *cor(cgi 1.9i2) -
Osq* Oio"CON(@s1, P12 ) - Ogi1* sy *COr((i1,952)] / [OA@y * OAg)]

cordgq, Bp) = Ogsq * cor(ps1,B9) -Ogiq * cor(qi1,B2)] / OAQ

cor(B1,Ag) = [0([52 * cor(B1,9sp) - o@ip * cor(B1,¢i9)] / OAQy

5. CANARI statisticalmodelis then determinedby the standarderrorsog and ag; the horizontal
length scalesa, b and c, the inverseof the vertical characteristicsizesk and|, the geostrophic
coefficienty and the divergent coefficient

We allow slow variations with latitude and altitude of the statistical model parameters. In practice
only Og OHu: & k,u andv are prescribed; the other parameters are linked to formf:'rs.

computed fromopHy, using Gaf Tstandard



pressure

(hPa)
1000.
950.
900.
850.
800.
700.
600.
500.
400.
300.
250.
200.
150.
100.
70.
50.
30.
20.
10.

o

(mgp)

8.0
8.2
8.6
9.0
9.4
9.9
11.5
12.8
14.4
16.4
17.7
19.2
22.6
25.0
27.4
30.0
33.0
35.5
40.0

oT
(K)
1.90
1.80
1.70
1.60
1.50
1.40
1.40
1.40
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
2.40

0u/0v
(m/s)
2.30
2.30
2.30
2.30
2.40
2.50
2.75
3.00
3.30
3.60
3.50
3.50
3.40
3.30
3.20
3.70
4.40
4.70
5.40

OHu
(%)

17.
18.
19.
20.
20.
21.
21.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.

M =[1.0 - max(0., 0.15 * (P(hPa)-900./100.)] * sin(lat)

v = [0.3 + max(0., 0.6 * (P(hPa)-900./100.)] * max(cos(lat), sqrt(3)/2)

b=07*a
c=0.8*a
I=6*k

Og (lat) = coef *Ogp

6. The stretchingis takeninto accountwith the functionssq(m) andsp(m) decreasingsthe local
map factor m increases. We assume with respect to the stretching :

then

with coef = 1.4 for ldll [-90, -25]
coef = 0.6 fofl§tls, +15]
coef = 1.2 foflg+25, +90]

and linear variation of coef between [-25, -15] and [+15, +25].

GLIJ(m) / c(p(m) = cte

Gx(m) = cte

b(m) / a(m) = cte

oq(m) / o(p(m) = cte

(km)

470.
480.
500.
530.
530.
530.
560.
570.
590.
610.
680.
740.
890.
1020.
1150.
1090.
1010.
1020.
1000.

dp
(hPa)
24.17
20.64
16.74
13.54
10.91
8.57
6.35
5.13
4.05
3.58
3.50
3.36
2.72
2.47
2.28
2.10
1.90
1.80
1.54

205.
211.
222.
234.
246.
244,
244,
228.
207.
166.
140.
115.
97.
68.
50.
37.
24.
16.



ccp(m) =0¢p *s51(m)

ay(m) =ay * s(m)

oT(m) =oT * s1(m)

v(m) =v / s1(m)

a(m) = a* 9(m)

ay(m) =oy(m) =0y * s1(m) / sp(m) * sqrt(1w/sg(m))2/(1+v2)]

As the local resolutionincreaseshorizontalcharacteristidength scaleof errors,massvariables
and humidity standarddeviationsdecreasebut error on the divergentpart of the flow remainsthe
same. The size of the errors decreases slower than the intensity of the errors.

We have chosensy(m) = exp(-a(m-1/m)) and a=0.08. That leadsto 30% of variation for the
characteristic size from one pole to equator with a stretching coefficient of 3.5.

7. The analysis gives at each grid point an estimam.mgn and an estimate m‘(panfrom
Oy = OYgn* MaX(2sin(lat) Q), with oy, 2=05* (ouan Oy, 2) * a2 [ (1+2).

This estimateoy . is usedin a linear combinationwith ox ;; ., to simulatetheincreaseof error
during the forecast,andwe imposethe resultof the linear combinationto be smallerthanoy clim
andgreaterthanAx* OX | At Iastcr is horizontallyfiltered in the spectralspace(for NSMAX

the amplitudeof the stan(gérddewatlon is divided by 10t4) and vertically using the correlation
function (not used).

O¢| = 0.05 * (length of the forecast in hours) / 6.

Sgelim = 3- " Op (M)

Ogguess ™2 = Max|(Laicl) * Min(Oga O i) + el * O™ A Oglin) ]
Igguest) = Taguest " exp [-0.5 cx (nnsmax]  with cx = In(109)

G<Pguesé|eVe|_i) =2j G(PgueséleVELi) *wij 1 Zj wjj - with wj=B*corv[@(level_i)gp(level_j)]

JO[Hinf, iU ]I i+jsyd, B=? and y=1



OHuglim = 1-2 *OHu(m)

)\Hu =0.2

o-HUgueSS: max[(laCD*GHUan + uCl*OHUC”m ' )\Hu* GHUC“m]

8. For the boundarylayer parameters(Tom, Huom, Uiom V10m), show and SST, specific
statisticalmodelsare defined. There ara gaussianon the horizontal with characteristicdixed in

namelist.
oggT=0.8K @sT1= 300 km
Osnow= 1.0 cm How= 50 km
0T2:3.0K -@2:50 km
OHu, = 30 % Hu, = 50 km
Ou10Pv10=© m/s wor = 50 km div = 50 km v_bl=1

Thereare no cross-correlatiorbetweendifferent parametersWe choosethe ratio betweenthe
error onthedivergentpartof the flow andtheerroron therotationalpartof theflow to be one,with
the samecharacteristidengthsfor the vorticity andthe divergenceThatgivesa local impactfor a
ten meters wind observation.

On the vertical the auto-correlations alwaysone (the analysisis doneon heightsurface) but to
allow the use of boundarylayer parametersn upperairanalysi,we define a vertical correlation
betweenU/V/T andU1/V 10 and T2 with a characteristiparameteiheightenoughto limit in the
boundary layer the impact of a surface observation.

kp_bl = 100.

9. The following standard error are prescribed for the observations.

NB : aq is computed fronoy using GafTobs-

SYNOP SHIP DRIBU
op (mgp) 8 8 8
o1 (K) 1.4 1.4 1.4
Oy = Oy (m/s) 2.0 3.0 3.0
OHu (%) 10 10
ossT (K) 1.5 1.5 1.5

For the SATOB wind the value prescribed for the guess is used with a fggttedending of the
satellite :



f meteosat= 1.1
f goes _= 12
f himawari= 1.3
findsat =14

For SATEM thickness standard deviations are :

Layer (hPa) Standard deviation (mgp)
1000 - 700 18
700 - 500 16
500 - 300 23
300 - 100 49
100 - 50 40
50 - 30 32
30-10 69

and for precipitable water content :

Layer (hPa) Standard deviation (%)
1000 - 700 14

700 - 500 17

500 - 300 20

For TEMP and AIREP standard deviation are prescribed by levels :

pressure  TBg TPoT TPay/oy TPoHy Alo/oy Al oT
(hPa) (mgp) (K) (m/s) (%) (m/s) (K)
1000. 8.0 1.70 2.30 12. 2.50 1.90
950. 8.2 1.60 2.30 12. 2.50 1.80
900. 8.6 1.50 2.30 12. 2.50 1.70
850. 9.0 1.40 2.40 12. 2.60 1.60
800. 9.4 1.40 2.50 12. 2.70 1.50
700. 9.9 1.30 2.50 12. 2.80 1.40
600. 11.4 1.30 2.80 12. 3.20 1.40
500. 12.7 1.30 3.00 12. 3.40 1.40
400. 14.0 1.30 3.30 12. 3.80 1.40
300. 16.0 1.40 3.60 12. 4.00 1.50
250. 15.7 1.50 3.70 12. 4.10 1.60
200. 17.2 1.50 3.80 12. 4.20 1.70
150. 20.1 1.60 3.80 12. 4.20 1.80
100. 22.0 1.60 3.80 12. 4.20 1.90
70. 24.4 1.60 3.80 12. 4.20 2.00
50. 27.0 1.70 3.90 12. 4.30 2.10
30. 30.0 1.80 4.10 12. 4.60 2.20
20. 315 1.90 4.30 12. 4.80 2.30
10. 36.0 2.00 4.50 12. 5.00 2.40

For PILOT winds the same standard deviations as for TEMP winds are used.



