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Abstract

EUCOS has decided to make an assessment of the impact on NWP fordddifferent components of the
current observing systems in various combinations. As part of this a nmuofilf®SEs (Observing System
Experiments) has to be executed by NWP centres. Both some running gilodals and by centres running
limited area models. The Danish Meteorological Institute was one of the céntneske OSEs with a limited
area model (HIRLAM). The lateral boundaries for these OSEs argged by runs made by ECMWF (one
of the centres to make OSEs with global models). Since the OSEs are to be yn#uethen operational
HIRLAM model at DMI it is quite computer intensive. The following runs hdween made by DMI (two
periods one month each): 1) Baseline system (BL); 2) BL + all aircrafBL3+ non-GUAN wind; 4) BL +
non-GUAN temp and wind; 5) BL + wind-profiler; 6) as (4) + aircraft; 7§) @) + non-GUAN humidity; 8) as
BL + all in-situ data (full combined system); and 9) BL + E-AMDAR.

The results from the winter period run are presented in this report. Theaoadhusions are that the radiosonde
data are the most important data, closely followed by the aircraft data; anditbraft data and radiosonde data
are complementary and not redundant data. Furthermore the resultshgtidiws important to have both wind
and temperature data — wind data alone give much poorer impact.

Resumé

| dette projekt, iveerksat af EUCOS (EUMETNET (European MeteoiiotdgNetwork) Composite Observing
System), undersgges indflydelsen af forskellige typer in situ (“terr&triad- og temperaturmalinger pa prog-
nosemodellernes analyser og, via det, indflydelsen pa prognosemiitstk Denne undersggelse, sammen med
tilsvarende undersggelser ved andre institutter, er iveerksat med hpallién fremtidige strategi for observa-
tionsnetveerket.

I modseetning til normalt, hvor man bruger det fulde saet af observationeudgangspunkt, tager man her
udgangspunkt i det fulde seet af satellitobservationer som brugalysanne, samt et minimalt saet af radiosonde-
(GUAN (GCOS (Global Climate Observing System) Upper-Air Network) neke# og SYNOP-malinger
(GSN (GCOS Surface Network) netveerket) samt alle overfladebgjemalibge laves test i en vinterperiode
(medio december 2004 til medio januar 2005) og i en sommermaned (au@ist 20dflydelsen af falgende
observationer i forhold til det ovennaevnte grundseet undersgfj@deflyobservationer (vind og temperatur),
2) vindmalinger fra de gvrige (d.v.s. "non-GUAN") radiosonder, 3)lviag temperaturmalinger fra de gvrige
radiosonder, 4) vindmalinger fra windprofilers, 5) vind- og temperatlingér fra de gvrige radiosonder og fra
fly, 6) vind-, temperatur- og fugtighedsmalinger fra de gvrige radiospri#) vind- og temperaturmalinger fra
EUCOS AMDAR (Aircraft Meteorological Data Relay), og 8) alle tidligereskkiderede in situ data (dvs. det
fulde observationssystem). Denne rapport indeholder resultaternvénterperioden og de vaesentligste kon-
klusioner er, at radiosondedata stadig er de vigtigste in situ data til brugghpsemodellernes analyser skarp
forfulgt af data fra fly; og at data fra fly komplementerer radiosontiedg er saledes ikke redundante. Desuden
viser resultaterne at det er vigtigt med bade vind- og temperaturobsememtidindobservationer alene er ikke
tilstraekkeligt for at fa en effektiv virkning.
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1 Introduction

Normally observing system experiments (OSEs) at DMI are made by eittigrgsal new data type to or denying
a data type from th&ull set of observations used in operations (see, e.g. Amstrup, 2000; ArastiiMogensen,
2000; Amstrup, 2001; Amstrup and Mogensen, 2004; Amstrup, 200de\&nd Huang, 2004; Guerrero and
Amstrup, 2005. See also Vignesal, 2005). This large set of “basic” observations makes it difficult to idgntif
a (significant) impact in an OSE from a particular type of observations.t DNd operational analyses are
further improved by reanalyses twice (now four times) a day, in which ADEBCMWF analyses are blended
(see next section) into the HIRLARNalysis, makes it even more difficult. The same is to a certain extent the
case in the European area for centers running global forecastingsi{s€e, e.g., Grahaet al., 1998; Lacroix
et al, 1998; Gérard and Saunders, 1999; Deblonde, 1999; Ergflisl) 2000; Tomassinet al., 1999; Bouttier
and Kelly, 2001; Bormanet al., 2003; Cardinalét al,, 2003; Képkeret al., 2003; Marécal and Mahfouf, 2003;
Isaksen and Janssen, 2004; Bormann and Thépaut, 2004; Laagld®Bhker, 2004; Fourrigt al., 2006; Healy
and Thépaut, 2006; McNallgt al., 2006; Anderssoet al., 2006; Okamoto and Derber, 2006).

In this study, initiated by EUCOSand EUMETSAT, the impact of different terrestrial (in situ) observing
systems is investigated by adding selected terrestrail datasets to the fiilsagtltite data used in operations
and a very limited basic set of terrestrial observations.

The forecasting and analysis system used in these OSEs is based oRttaMHieference system including
a 3D-Var analysis scheme (Gustafs&tral, 2001; Lindskoget al, 2001) and a forecast model (Undénal.,
2002), both with some local DMI modifications.

The set of OSEs is briefly described in Table 1, including the model naneesughe figures and tables in this
report.

Table 1: OSE description with experiment names in the column “model”. See sectionr2drfioer details
and comments.
model | Description

T1A | Control/baseline run (with GUAN radiosondes)

T1B as T1A plus addition of all aircraft data

T1W | as T1A plus addition of all wind data from non-GUAN radiosondes
T1T | as T1A plus addition of all wind and temperature data from non-GUAN radidss

T1V | as T1A plus addition of wind profiler data

T1D | as T1A plus addition of data from non-GUAN radiosondes
T1X | as T1A plus addition of E-AMDAR data
T1Y | as T1X plus addition of E-AMDAR data from ECMWEF archive

T1U | as T1T plus addition of all aircraft data

T1F ‘all’ observations and use of similar ECMWEF run for lateral boundaries

The report is organized in the following way: Section 2 describes the ssegbfor these OSEs, section 3 gives
the results obtained in terms of verification measures and other statisticspalhdtfie conclusions are given

'European Centre for Medium-Range Weather Forecasts

2High Resolution Limited Area Model

SEUMETNET Composite Observing System

4European Organisation for the Exploitation of Meteorological Satellites
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in section 4.

2 Experimental set-up

The experimental set-up is based on the operational DMI-HIRLAM sétiupe summer 2005 (Yanet al,,
2005b), with some updates to the 3D-Var system applied to the operatidgngd #& November 2005. The
model version DMI-HIRLAM-T15 (T15) was run in all the experiments.akidition the model version DMI-
HIRLAM-S05 (S05) was run in two of the experiments, to illustrate that the imfjpam the observations to a
large extent are carried over to S05, via analysis increments from Etbassanalysis increments in S05 (the
results are not shown here).

2.1 Domain(s)

The operational DMI-HIRLAM model domains from late summer 2005 arevsthia Figure 1. All domains are
defined on a rotated grid. The polar coordinatBg;, Py ), the starting coordinates (southwest corner) in the
rotated coordinate system, and model resolutions for the two domains @piZerinmark are given in Table 2.

Figure 1: Operational DMI-HIRLAM areas from late August 2005. DMI-HIRM\T15 (large area), DMI-
HIRLAM-QO05 (G05) and DMI-HIRLAM-S05 all have 40 vertical levelS.he horizontal resolution of DMI-
HIRLAM-T15 is 0.15° x 0.15° and the horizontal resolution of DMI-HIRLAM-S05 and DMI-HIRLAM-@
is 0.05° x 0.05°.

2.2 Forecast model and lateral boundary files

The model grid is a rotated, regular lat.-lon. Arakawa C grid, with 40 vertgeals in the atmosphere and the
model top at 10 hPa. The forecast system is based on HIRLAM refenrgrsion 6.2.3 (see Undénal,, 2002
for a more detailed description of the reference system) with a number of aditifis. The following options
and specifications apply to the system:

www.dmi.dk/dmi/sr06-07 page 6 of 86



Danish Meteorological Institute

d Scientific Report 06-07

Table 2: Model variables for DMI operational run$P,,, P.;) are the geo-
graphical coordinates of the rotated south p@l@ey, 1, y1at,1) are the coordi-
nates of the southwest corner of the model area in the rotated grid. $éartex
changes to this in the present set-up used for the EUCOS OSEs.

Model Identification T15 S05
grid points (mlon) 610 496
grid points (mlat) 568 372

no. of vertical levels 40 40

horizontal resolution 0.15 0.08

hor. res. (assimilation)| 0.15 —
(Pion, Pat) (80°,0°) | (10°, —40°)
Tlon,1 —64.325° | —13.675°
Ylat,1 —37.527° | —1.027°
time step (dynamics) 360s 120s
time step (physics) 360s 120s
boundary age (in forec. 6h Oh
boundary age (inass.) 0Oh—-6h Oh
host model ECMWF T15
boundary frequency 1/(3h) 1/(1h)
data assimilation cycle 3h 6h
forecast length (long) 60 54
long forecasts per day 4 4

HIRLAM 6.2.3 physics with recent extensions (of which some are mentioakxui).
Semi-Lagrangian dynamics optioBETTLS option is true, see Lindberg, 2005).
Incremental digital filter initialization.

Implicit 6'th order horizontal diffusion.

The HIRLAM 6.2.5 experimental version of the CBR scheme is used. Trapeterization of turbulence is
based upon turbulent kinetic energy (TKE).

ISBA® surface scheme and surface analysis is used. However, upgraties38T- and ice-analysis have
been made. ECMWEF disseminated SST-data and ice-data are used maptbffic update sea surface
temperature and for diagnosing fraction of ice. This is of particular impoetatose to coastal areas. In
addition SSTs from the Ocean & Sea Ice $A¥fe used.

The STRACO convection scheme is used (Sass, 2002).

Schedule: 3-hourly data assimilation cycles for T15. Long forecast®GdTC, 06 UTC, 12UTC and
18 UTC for T15 and S05. DMI-HIRLAM-T15 is restarted via blendingrfr&cCMWF 3D-Var analysis

www.dmi.dk/dmi/sr06-07

SIntegrated Soil Biosphere Atmosphere
53atellite Application Facility
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Table 3: Operational time schedule for T15 and S05 used
in June 2005. The times in the left column indicate the start
of the preprocessing of boundary data and ISBA. The 3D-
Var analysis (for DMI-HIRLAM-T15) begins ca. 5-7 min
later. T_E denotes reanalysis and blending from ECMWF
analysis. See text for detalils.

uTC T S
1:37 T0O0+60h
2:29 S00+54 h
ECMWF 00UTC
7:37 T06+60h
8:29 S06+54 h
ECMWF 06 UTC
T _EO00+05h
11:45| TO03+05h
T06+05h
T09+05h
S00+03h
12:43 S03+03h
S06+03 h
S09+03h

13:37 | T12+60h
14:29 S12+54h
ECMWF 12UTC

19:37 | T18+60h

20:29 S18+54h
ECMWF 18 UTC
T_E12+05h
23:50 | T15+05h
T18+05h
T21+05h
S12+03h
S15+03h
24:48 S18+03h
S21+03h

(here the ECMWEF 4D-Var analysis) (0.4Besolution) twice a day before the long 00UTC and 12 UTC
runs (see Yang@t al, 2005a for further details on the blending scheme). Normal HIRLAM cy/then
follow (O3UTC, 06 UTC, 09 UTC) in the morning for T15 to produce an topdate’ status of the atmo-
sphere. In the evening the subsequent analyses are valid at 158TJCland 21 UTC respectively.
Table 3 shows the operational schedule as of June 2005 for T15 &dSan example “TO6+5 h’ denote
a T15 analysis valid at 06 UTC followed by a 5 h forecast. For S05 6ihapdates are made and no
reassimilation.

> Adjustment of diagnostics for V10m, T2m and RH2m (see Geleyn, 1998)anmproved algorithm for
calculation of msl pressure from surface pressure (Fedderse#).20

> The “vegetation” roughness and “thermal” roughness over land hese imodified.

> Adaption of the analysis increment method for the high resolution model DIREAM-S05 using analyses
from DMI-HIRLAM-T15.
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The basic model applied in the present OSE study is DMI-HIRLAM-T15gishe forecast model version
operational June 2005. The resolution of the (disseminated) ECMWHFskieefields used is 025 As listed

in Table 2, the horizontal resolution of DMI-HIRLAM-T15 {515°, the number of vertical levels 40, the number
of grid points is610 x 568, the dynamics as well as the physics time step is 360 s and the lateral bouallesy
are updated every 3 hours from ECMWEF (the so called “frames” baies)aD0 UTC or 12 UTC forecasts
(operationally ECMWF 06 UTC and 18 UTC forecasts are used as well)g 48 hour) forecasts are made at
the four major synoptic times (00, 06, 12 and 18 UTC).

As mentioned, the lateral boundaries for the operational T15 runs avarg/tso called FRAMES (with 0.45
horizontal resolution) disseminated from ECMWF. They are 6 h older tharfdtecasts for the long runs.
However, the ECMWF baseline runs do not include 06 UTC and 18 UTé€x&mts, and accordingly 12 h old
lateral boundaries are used for the long 00 UTC and 12 UTC runs intih&tse The number of passive boundary
points used for lateral boundary conditions in the forecasts is 12.

As mentioned, a reassimilation is made before the long 00 UTC and 12 UTCTrhisss done in order to take
advantage of both the extra observations that arrive after the relatwecst off for the long runs, and also to
take advantage of the ECMWF analyses. The ECMWF analyses aretedpede somewhat better on ‘large
scale’, since they use much more observations than DMI (in particular satiitag and are based on 4D-Var
rather than 3D-Var. Therefore, a new analysis is made, and basets@n#iysis and large scale blending of
the ECMWF analysis a short forecast is made. Subsequently, furthtsas and short forecasts are made to
make up-to-date first guess fields for the following long forecast rd2 &TC or 00 UTC.

2.3 3D-Var and observation types used

The analysis version used here is the HIRLAM 3D-Var 6.3.6 MPI versimtified to use RTTOV8developed
in the Numerical Weather Prediction SAproject set up by EUMETSAT (see Schybeital., 2003 for further
details on the use of ATOVS data in the HIRLAM 3D-Var system). The olagiEm window covers a 6 h span
around the analysis times 06 UTC and 18 UTC before the long forecagiagfanm these. For the other runs
the observation window covers a 3 h span around the analysis times (@®,@®, 12, 15, 18, 21 UTC).

It should be noted that the background error statistics is based on aidh@ion-separable structure functions
made by “the NMC method” (See Berre, 2000; Gustafssai, 2001 and references therein for further details),
calculated from differences betweer24 h and+48 h forecasts valid at the same time from the 1997-1998
operational SMHI forecast model with a horizontal resolutiodf x 0.4° and 31 vertical levels. This set
of data has subsequently been interpolated to a set of data appropritiie #® vertical levels used here. In
an upgrade in November 2005, this was changed to using a revised s&d, drasimilar statistics made using
recent operational T15 data instead. It is also being investigated howl#t®n between background errors
and observation errors can be tuned (see Navastwgs 2006), since they are not optimal anymore.

Since November 2005 the following observation types have been usedtiopally in the DMI-HIRLAM
system: SYNOP (surface pressure), SHIP (surface pressureBUD(surface pressure), PILOT (wind at all
levels), TEMP (wind, temperature and humidity at all observed levels)ERIRvind and temperature; includes
AMDAR?® and ACARS?), NOAA15' and NOAA16 AMSU-A? brightness temperature data from channels
1-10 (effectively only channels 4-10 over open sea and channklsder sea ice) are included (from local

"Radiative Transfer model for TOVS, release 8

83atellite Application Facility

SAircraft Meteorological Data Relay

OAircraft Communication Addressing and Reporting System
NOAA: National Oceanic and Atmospheric Administration
2pdvanced Microwave Sounding Unit-A
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Table 4: Observation error standard deviations for AMV wind.

Pressure (hPa) 1000 850 700 500 400 300 250 200
u/v (m/s) 200 200 200 245 310 3.60 3.80 3.80
Pressure (hPa 150 100 70 50 30 20 10

u/v (m/s) 5,00 5.00 5.00 5.00 5.00 5.00 5.70

Table 5: Diagonal elements of observation covariance matrix for NOAA15 and NGA
AMSU-A. Values ¢2) are in kelvin squared. Non diagonal elements are set to 0.

Channel #:| 1-3 4 5 6 7 8 9 10
Opensea 900 1.40 0.35 [ 0.35]0.35/0.35]/0.70| 1.40
Seaice| 9x10% | 9x 10 | 9x 10% | 1.40| 0.35| 0.35| 0.70 | 1.40

receiving stations and via EARY, Meteosat-8 AMV* winds and QuikScat winds (near surface wind data
from the SeaWinds scatterometer; see Portabella and Stoffelen, 2@refarences therein). The AMSU-A
data are thinned to O29or NOAA15 and NOAAL16 data separately. The redundancy checlrofadt data is
done in vertical intervals of 10 hPa: One of two measurements are didcardee redundancy check if they
differ by less than 10 hPa and a distance of less than half a grid poinal@@émstrup and Mogensen, 2000
for OSEs with different redundancy checks of AIREPS).

The Meteosat-8 AMV data are used over open sea and over land soB@Nf Furthermore, the distributed

data include two quality indices. Based on these two quality indices the daigjeoted if the indices are below

20 or 30, respectively. The observation error standard deviaticet insthe analyses are given in Table 4.
The first guess check of Meteosat-8 AMV data and other single level daal is traditional and includes an
“asymmetry check” (see Guerrero and Amstrup, 2005).

For bias-correction of AMSU-A brightness temperatures a Harris-Kelbriis and Kelly, 2001) scheme with
7 predictors from the background model (model first guess) is udaelinitial examination that was done for
NOAA16 data (Schybergt al, 2003) showed that the scatter of the difference between obserdedaieled
brightness temperature varied significantly with latitude. It was therefaigek® to have separate bias correc-
tion coefficients for three latitude bands: 1) up t6H02) between 50N and 65N, and 3) north of 65N. The
AMSU-A bias correction for the 3D-Var version used here is based 6mwnth period from January 2005
through May 2005 using archived operational 3h T15 forecast dafash guess files. The bias correction
coefficients are calculated independently for data over sea-ice addttover open sea.

At present a diagonal observation error covariance matrix is usedM@U-A data. Based on the experience
from the initial tests with RTTOV8 (Amstrup, 2005) the observation errorctoannel 4 data over open sea
has been reduced compared to the error used in RTTOV7, so that theetiadata now have more weight

than previously. The values for NOAA15 and NOAA16 are listed in Tabl&&me of the channels that ‘see’

the surface are given a large observation error so that they aiadfg not used, that is in particular true

for data over sea-ice. Since the model surface temperature overeseanidiffer considerable from the real

surface temperature, and due to uncertainties in the emissivity over sea-ieetra screening is done for these
data. The data are discarded if the difference between the modelled sewedb brightness temperatures for
channels 4 and 5 disagree by more than 1.0 K and 0.8 K, respectively.

BBEUMETSAT ATOVS/Advanced Retransmission Service
14Atmospheric Motion Vectors
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The FGAT (First-Guess at the Appropriate Time) option is used (see Hetaalg 2002 for further details).

The DMI EUCOS baseline run uses the following satellite data: i) NOAA15 a@dANL6 AMSU-A data
over open sea and over sea-ice, ii) QuikScat surface winds, iii) Mat@AMV winds. In addition to the
satellite data, the EUCOS baseline set-up consists of the following convdmtaiaai) the GUAN® radiosonde
network, ii) the GSN® surface network and iii) buoy data. See Appendix A for a list of the WH€ation
identification numbers in the GUAN and GSN networks.

An example of the coverage of the baseline radiosonde data and sdatade shown in Figure 2. The distribu-
tion, for 12 UTC as shown here, is reasonable except for a ratherdavber of radiosonde data in the Atlantic.
The distances between stations are much higher than in a normal DMI-HNRLAUJTC analysis. Similarly,
the distribution of surface pressure data in the baseline set-up via budB&Y&NOPSs is shown in the lower part
of the figure. Figure 3 shows the available data for the T1F experimdhbffserving system), and includes
PILOTs and ship data as well at the same analyses time. Note that PILOJ@waidered redundant if a TEMP
is available from the same station position. For this particular analysis, T1&dtadrom 182 more radiosonde
stations than the baseline experiment.

2.4 Short description and comments on different experiments

T1A Baseline run. This includes a fairly small amount of (GUAN) radiosondk (&5N) SYNOP data (an
example of the data coverage is shown in Figure 2), and in addition buoydatacluded to ‘anchor’
the satellite data (studies at ECMWEF have shown that AMSU-A data in their sigitaiation system do
not perform well in the absence of sea surface pressure dataNa&hThépaut, in a presentation at the
“Alpbach workshop”ht t p: / / www. wno. ch/ web/ www/ GOS/ Al pbach2004/ Agenda- i ndex.
ht m )). No aircraft data, no ship data, and no PILOT data are included.

T1B Baseline plus all aircraft (AMDAR, ACARS and standard AIREP) dataisTs not an optimal experiment
since the DMI operational servers receiving and processing the @iESdmetimes could not cope with
the relative high number of ACARS data, and the number of ACARS in thesss agere fairly low. This
is worst in the Christmas/New Year period, due to a very inadequate monitfrthg servers. Besides,
a large number of AMDAR data from the Lufthansa fleet received in'Bdéirmat at DMI were not
processed at the time, since they were unknown to DMI. Furthermorenttwelieg implied that they
were ASDAR?® instead. However, the experimeshbes reflect the actual operational usage during the
period.

T1X Baseline plus E-AMDAR data (AMDAR observations with station id starting witt"EThe same defi-
ciency as for the T1B run with respect to AMDAR (but the experiment defisct the actual operational
usage).

T1W Baseline plus wind from the non-GUAN radiosondes.
T1T Baseline plus wind and temperature from the non-GUAN radiosondes.
T1D Baseline plus all data (wind, temperature, humidity) from the non-GUAN saxdlides.

T1U Baseline plus wind and temperature from the non-GUAN radiosondes@mdifl aircraft. AMDAR data
from the archive at ECMWF are included as well. The data which arelddwlue to this are screened
away in the redundancy check.

15GCOS (Global Climate Observing System) Upper-Air Network

18GCOS Surface Network

"World Meteorological Organization

8Binary Universal Form for the Representation of Meteorological Dat&IQ, 1995)
Baircraft to Satellite Data Relay
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Figure 2 : An example of the coverage of the “baseline” radiosondes (upmkiTi® and surface (lower, green
'S’s for SYNOP, 'D’s for buoys) data available on 12 UTC December2@04. The radiosonde stations are
GUAN stations and the SYNOP stations are GSN stations.

T1V Baseline plus wind profiler data extracted from the ECMWF archive. TOBMI®F white list has been
used to specify which wind profilers to use. These data are not useatiopal at DMI and, accordingly,
they have been used with the analysis system as is. Some data may theotfbewerbeen used as
they were supposed to, and some may not have been used at all evenvifetteesupposed to. In this
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total tenp : 223
active tenp : 222
rejected tenp : 0
redundant tenp : 0
nodat a tenp : 1
total pilot : 41
active pilot : 10
rejected pilot : 0
redundant pilot : 30
nodat a pilot : 1

Sat 18 Dec 2004 12Z +00h
valid Sat 18 Dec 2004 127 acmaT1F04121812

total synop : 6104
active synop : 2870
rejected synop : 0
redundant synop : 0
nodat a synop : 3234

total ship : 675
active ship : 325
rejected ship : 2
redundant ship : 348
B nodat a ship : 0
total dribu : 400
active dribu : 127
rejected dribu : 0
redundant dribu : 273
nodat a dribu : 0

. Sat 18 Dec 2004 12Z +00h
valid Sat 18 Dec 2004 127 acmaT1F04121812

Figure 3: An example of the coverage of the radiosondes (upper, red 'T&PAbOTs (upper, blue 'P’s for
redundant, green 'P’s for active) and surface (lower, greenf@ SYNOP, 'D’s for buoys and 'H'’s for ships)
data available on 12 UTC December 18, 2004. From the T1F run.
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experiment data from 6 stations have been used. Wind profiler datatareluled in the real time DMI
bufr-database and have therefore not been monitored at all at DMIlémg time.

T1F The control run including all observations (including extra AMDAR frora BCMWF archive). Bound-
aries are from the similar ECMWEF control run instead of their baseline rurt. nibre important: the
analyses from the ECMWEF run are used in the reassimilation scheme as slesdijbed in section 2.

T1Y Baseline plus E-AMDAR data (AMDAR observations with station id starting with)")e This experi-
ment also includes AMDAR data from the archive at ECMWF which make tHerdiice from the T1X
experiment.

Figures 4 and 5 show the number of observation reports used in the maisesnat 00 UTC, 06 UTC, 12 UTC
and 18 UTC for the baseline experiment (T1A) versus the ‘all obsenaiicluded’ (T1F) experiment. With
respect to aircraft data, the number of reports used for the ‘all &r€faB) experiment, and the ‘E-AMDAR’
(T1X) experiment are shown as well. Note the extra number of aircadrte used in T1F (and T1U as well!)
compared to T1B. These are the extra E-AMDAR data extracted from thdVEECarchive and most of these
reports are over Europe. Furthermore, due to the above mentionddmpmolwith the DMI server, the number
of aircraft data were relatively low during Christmas and until early Jgnughe T1U and T1F experiments
were done later than the T1X and T1B experiments, and it was decided tbeudata in the ECMWF archive
for the T1U and T1F experiments after a meeting at ECMWF in January ZBpite the computational costs
arerun of T1X, named T1Y, including the extra data has been donen Hlsa be noted that Meteosat-8 AMV
data were missing for some days in January 2005, due to problems with aBdiheerver receiving the data
from EUMETCast’.

3 Results

The results are compared in different ways. A standard observatidfiitagon, where forecast results are
compared to standard SYNOP and radiosonde observations using ah/AWAS station list, is done and the
results are shown and commented upon in section 3.1. Furthermore, sigpeftests by use of students t-test,
with 90 % two sided significance interval, are shown (Mike Fisher, memormaitloMWF research department,
May 2001). Results of forecasted 12 h precipitation amounts againstvatiees from SYNOP stations at
06 UTC and 18 UTC are given in terms of standard contingency tableslbasie the form of equitable threat
scores in section 3.2. Results from field verification, where forecastsampared to the control experiment
(T1F) verifying analyses, are given in section 3.3. Section 3.4 contams sase studies. Finally, in section 3.5,
the statistics of wind speed data observations from Meteosat-8 AMV, fi&camd radiosondes are compared
with similar model data.

At the last pages, Figures 50-53 show daily statistics of the differentveeba actual observed brightness
temperatures modeled from the background field for NOAA15 and NOAAES open sea and over sea ice
for the baseline experiment (T1A) and the control experiment (T1F@s@&lplots illustrate the effect of bias
correction besides being examples of the daily variance in the number afskdand the statistics.

3.1 Observation verification

The experiments are verified by calculation of bias (forecast value mimaeseed value) and root mean square
(rms) for the surface variables 10 m wind, mslp (mean sea level prg¢sance2 m temperature; for the upper
level variables temperature, wind speed, and geopotential height &P&5®00 hPa and 250 hPa; and for

203 EUMETSAT distribution system
ZlEuropean Working Group on Limited Area Model
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relative humidity at 850 hPa, 700 hPa and 500 hPa, as function of &ilecgth in one set of figures (Figures 6-
10). Using a second type of figures (Figures 12-20), the verticattstrel of temperature and geopotential
height offsets is illustrated, by plotting the rms scores for a test experimehedeft hand side and differences
in rms scores between the experiment and the baseline experiment on thieanghside. Also some inter
comparisons between experiments are made. The scores are shovalyaisaime and for the 12, 24, 36
and 48 hour forecasts as a function of pressure. Figure 11 showsmiarms scores for the full combined
system, to illustrate the general trends of the bias behavior. Figures 8ie8daily scores of 48 h forecasts
of mslp, 850 hPa temperature, and 500 hPa geopotential height. FiguB&sstvbw differences in root mean
square errors from obs-verification based on daily scores of 00&HUC12 UTC forecasts for the variables:
Mslp, 300 hPa temperature and wind, 850 hPa temperature, 700 hPaerbklatindity, and 500 hPa geopotential
height. Furthermore, results for mslp based on daily scores of 06 UTQA&WA C forecasts are shown in
Figure 30. Some other results based daily scores of 06 UTC and 18 U&E&akts are shown in Figure 31 for
experiments using additional wind and temperature from aircraft or ndANGradiosondes. Overlayed is the
90 % two sided confidence intervals. These plots (Figures 24-31) ditoadl to the previous and made to
see the significance of the differences for some of the parameters;rehtheaones referred to when comments
about significance of the results are made later in the report.

A comment about the verification of upper air temperatures at analysis timprisp@te. Some of the experi-
ments (T1T, T1D, T1U and T1F) use radiosonde temperature data in tlysesand as some of these data are
used for verification these experiments are bound to have better uppemaierature scores for the analyses
(0 h forecast lengths) than the experiments not including these data.

Figure 6 shows the verification scores for T1X (wind and temperatune E6AMDAR), T1B (all aircraft) and
T1T (wind and temperature from the additional radiosondes). Figureb3land 14 provide additional profile
information. For short forecast lead times it is expected that the impactErékIDAR dominate the scores for
T1B since the large majority of EWGLAM stations are located in the area in whict afiothe E-AMDAR data
originate, while most of the other aircraft data come from areas somewiagtfeom the EWGLAM stations.
For long forecast lead times the ACARS coming mainly from over USA areat@geo have an important
impact, in particular for a relative large, limited area model, such as T15, dkat<a large part of USA. With
the typical easterly flow the air masses for which E-AMDAR have contribtaeal given analysis may have
moved outside the main verification area during a forecast. Contrary to taigjrtinasses for which ACARS
(over North America) have contributed to a given analysis may have mot@the main verification area over
Europe during a forecast. Therefore, the impact from all aircraé deexpected to be somewhat larger than the
impact from E-AMDAR data alone.

In general, T1T and T1B have the better scores. In comparison T1Wwasscores but better than the baseline
experiment. For reasons mentioned above, T1T naturally has somewteanalyses temperature scores than
T1B and T1X. The upper air wind, temperature, and geopotential saoega general significantly better than
the comparable baseline experiment scores. The inter comparison bt and T1X show that the 300 hPa
wind and temperature scores (Figures 25 and 26) are significantly betfEtB and that the 00 UTC/12UTC
mslp scores (Figure 24) for long forecast lead times are better for T@Betkr, the significance plots show that
there are large day to day variances in some of the scores for 48 lagtsedhe inter comparison between T1T
and T1B show that aircraft data have almost as big an impact as the additiodaand temperature data from
radiosondes. However, the impact on 850 hPa temperature (Figure@ H08 hPa geopotential (Figure 29)
is significantly higher from the radiosonde data than from the aircraft d8tace aircraft data in principle
are available at any time (though presently only few over Europe in thestadter 00 UTC), and only very
few radiosonde data are available for analyses except for the 00 HTQAUTC analyses, some additional
significance plots based on 06 UTC and 18 UTC forecasts are shownuneFsd for T1T, T1B and T1X.
The verifications are done against 00 UTC and 12 UTC radiosonde nidth@refore results are shown for the
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forecast lengths 6 h, 18 h, 30 h and 42 h. The figure shows that T4 Bidrificantly better 500 hPa geopotential
height, 300 hPa wind and temperature scores than both T1T and T1X foroithe forecast lengths. The
differences in the T1T and T1X scores are insignificant for the 06 UTdC18 UTC forecasts.

Figure 7 shows the verification scores for impact of additional non-Guadibsonde data information: addi-
tional wind data (T1W), additional wind and temperature data (T1T) andagdl @'1D). Figures 15, 16 and 17
show additional profile information. In general T1D and T1T have the betteres and T1W scores in between
these scores and the scores from the baseline experiment. In gerearapdr air wind, temperature and geopo-
tential scores as well as the long lead forecast time 00 UTC/12 UTC mslpssa@esignificantly better than
the comparable baseline experiment scores. The differences betdi@eamd T1D scores are insignificant. In
general T1T has significantly better upper air wind, temperature anstgtjal scores than the corresponding
T1W scores. So the additional temperature data do have a significant@asitiact over adding only the wind
observations.

Figure 8 shows the verification scores for impact of wind and temperatureddditional non-GUAN radioson-
des (T1T), further adding wind and temperature from aircraft dat&{&hd for the full observing system in
addition to better boundary data and large scale analyses from ECMWH. (Fijures 18, 19 and 20 show
additional profile information. In general T1F has much better scoreslthdrthat has somewhat better scores
than T1T. The baseline (T1A) has the worst scores. For most variektept humidity these tendencies are
significant.

Finally, Figure 9 shows that the impact from the few wind profiler data argnificant. This may to some
extent be caused by the very few stations from which data are usderébiminary results (not shown) showed
a very weak positive impact from the first half of the period, so a largerlyer of wind profiler data may have
an impact. In addition, wind profiler data are normally not used operationadgyircountry using the HIRLAM
data analysis and forecasting system, wherefore no attempt to optimize ¢eeaishese data have been made
since the original implementation of the assimilation software. This should ofedng done to obtain proper
use of the data, in particular if hourly data could be used in connection tg 4BifVar analyses. However, as
the simulations with adding just wind (T1W) and both wind and temperature (3dW that impact of wind
only is less than from both wind and temperature.

Figures 32, 33 and 34 show that the impact from the additional E-AMDAR fthe ECMWEF archive are in
general positive or neutral on most parameters (and some of them acsigtiyfipositive impact) for the first
18 h to 24 h. One exemption is the bias of 250 hPa temperature which is morgetmitihe experiment using
the additional E-AMDAR data. One of the purposes of the E-AMDAR paiagmne is to make temperature and
wind profiles around airports in connection to take off and landing. Fi§@rdoes indeed show that the rms
error of the temperature analysis is better for the T1Y experiment in the ktwersphere due to the additional
data. For unknown reasons this is not the case above the 250 hPauttlgkhs probably linked to the extra
positive temperature bias seen at 250 hPa.

3.2 Precipitation verification

Precipitation is verified by two means: By producing contingency tablespgrailculating equitable threat
scores, both for 12 h periods.

Tables 8 to 13 show contingency tables of precipitation accumulated oventg ¢irom 6 to 18 hour forecasts,
18 to 30 hour forecasts, and 30 to 42 hour forecasts) for the givéodpesing either EWGLAM stations that
do report 12 hours accumulated precipitation, or Danish stations. Theeansrtbthese tables are obtained
by counting the number of observed and predicted precipitation amountlinoédive classes. The five
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precipitation classes ar@1 < 0.2,0.2 < P2 < 1.0,1.0 < P3 < 5,5 < P4 < 10 andP5 > 10 (precipitation
amounts in mm) P is either F (forecast) or O (observation) in the tables. The “sum” rowsahanns are the
sums of the numbers in the given observation classes or forecastsclessmectively. Note that the observed
values are uncorrected values. Thus, small observed precipitaticesvale most likely underestimated, and
some “observed” 0 mm/12 h values may not be a real measurement at all,deféwdt number used (this
occasionally do happen for some Danish stations). The results baseis dinth of comparisons are very
mixed, and it is not possible to make any solid conclusions. Two notewortujtseare: 1) for the Danish
station list the baseline experiment has the poorest results for the sget(@h-18 h lead forecast time); 2) for
the short forecast range (6 h-18 h lead forecast time) the experimehidiing aircraft data (T1B, T1X, T1U
and T1F) have the best overall scores in terms of highest numbers ifatiendl.

The equitable threat score (ETS) measures the fraction of obserdéar &orecast events that were correctly
predicted, adjusted for hits associated with random change (seéte.p: / / www. bom gov. au/ bnr ¢/
wefor/staff/eee/verif/verif_web_page. ht M ). By use of the following table

observed

no event| event

forecastnoevent A B

forecast even| C D

we have ETS=(B-chance)/(B+C+DB-chance) with chance=(C+D)*(B+D)/(A+B+C+D). This is sometimes writ-
ten as: ETS=(Rchance)/(TF-chance) where R is the total number of obserard forecasted events, T is total
number of events observed forecasted and chance is given by chance=F*O/N where F is numfigecasted
events, O the number of observed events and N is the total number of pienteon-events. The ETS score is
between-1/3 and 1, 1 being the perfect score and 0 indicating no skill.

Tables 14 and 15 show the results by use of a Danish station list and an BM/Glation list, respectively.
Results for 6-18 h, 18-30 h and for 30-42 h are given for limits of venypoecipitation amounts (0.3 mm/12 h),
low precipitation amounts (1.5 mm/12 h) and for larger precipitation amounts (5 mj/12 h

Both of these comparisons indicate a deficiency in the present humidity enaly® model seems to act in a
negative manner to the humidity increments, which may be in imbalance with thel diedds.

The results for the Danish station list are very mixed. Part of this may be dbe telative small area compared
to the full model area, a single bad case may have a relative larger impdloe oasult. However, for the

EWGLAM stations, the ETS scores show a clear benefit from using theligkrving system for precipitation
forecasts.

3.3 Field verification

Results from field verification, for which forecasts are compared toyegfanalyses valid at the same time, are
summarized for selected parameters in Table 6 for 36 h and 48 h fore€hstserifying analyses are the T1F
initialized analyses for all the cases. The results are averages of tlily fodecasts over the period examined.
The averages given are averages over grid points for the full sreelaas for grid points in a European area
defined by the southwest corner 12/535°N and northeast corner 35,75’ N which is an area often used by
ECMWEF. The results support the findings in obs-verification, in the stmasd 1A (baseline) and T1V (baseline
plus wind profilers) have the worst scores for most parameters, anthéhtull system (T1F) has the superior
rms-scores. T1U (baseline plus wind and temperature from other radiesas well as aircrafts) typically has
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Figure 4 : Observation usage for 00 UTC analyses (left) and 12 UTC analyiggs)(r Note that PILOT and
SHIP data are used in the T1F experiment only.
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Figure 5: Observation usage for 06 UTC analyses (left) and 18 UTC analyiggd)(r Note that PILOT and
SHIP data are used in the T1F experiment only.

www.dmi.dk/dmi/sr06-07 page 19 of 86



L0-904S/IWPAP WP MMM

98 1o oz abed

Table 6: Results from field verification. Top part is for averages over the futhdin and the bottom part is for averages over a European area. iiflggngeanalyses
are T1F initialised analyses. The worse scores are marked in a boldnted he best scores are given with a bold, black font. The FCL coluncates the forecast

length.

T1A TV TiW T1T T1D T1X T1B T1U T1F
type FCL bias| rms bias| rms bias| rms bias| rms bias| rms bias| rms bias| rms bias| rms bias| rms
mslp 36 -0.10| 269 | —-0.10| 269 | —0.08| 2.63| —0.04 | 259 | —0.05| 2.58 | —0.08| 2.63| —0.09| 2.60| —0.05 | 253 | —0.15| 235
mslp 48 -0.07 | 332 | -0.07| 333 | —-0.06| 3.25| —-0.02 | 3.20| —0.03| 3.20| —0.06| 3.26| —0.06 | 3.22| —0.03 | 3.14| —0.09 | 2.89
H500 36 19| 238 19| 238 19| 22.9 14| 222 14| 222 14| 22.7 1.2 ] 223 10| 213 —-01 | 193
H500 48 21| 302 21| 30.3 211294 1.7 | 28.6 1.7 | 28.7 1.7 | 29.3 1.5 | 28.8 13| 27.8 0.6 | 251
T850 36 0.33 | 1.96 0.33 | 1.97 0.33 | 1.93 0.26 | 1.87 0.27| 1.87 0.31| 1.92 0.30| 1.91 0.25| 1.83 019 | 171
T850 48 0.34 | 2.23 0.34 | 2.23 0.33 | 2.19 0.27| 2.14 0.28 | 2.15 0.32| 2.19 0.31| 2.17 0.26| 2.11 0.21 | 197
T500 36 —0.05| 147 | -0.05| 146 | -0.05| 1.43| -0.05|1.39| -0.04| 1.39| —0.07| 1.42| —-0.07| 141| —-0.06| 1.36| —0.03| 1.25
T500 48 -0.06| 177 | -0.06| 177 | -0.06 | 1.73| —-0.07| 1.70| —0.06 | 1.70| —0.08 | 1.74| —0.09| 1.72| —0.08 | 1.67| —0.05| 1.53
T300 36 —-025|1129| -025|130| —-024|127| -0.21|123| -0.21| 1.23| —-0.22| 1.26| —-0.20| 1.24| -0.17| 1.19| —-0.06 | 111
T300 48 —025|149| -025| 149 | -024 |147| 022|144 | -0.21| 1.44| -0.23| 146| —-0.21| 1.45| -0.18| 141 | —-0.07 | 131
RH850 | 36 —-0.9] 198 -0.8] 19.7| -0.9]| 19.6 —-09]194| -09|194| -09|196| —-09]| 195 —-1.0| 19.2 —-0.0| 181
RH850 | 48 —-0.6| 214 —-0.61]21.4| -0.7]| 21.2 -0.7]211| -06|211| -06|213| —-0.7|21.2 —-0.7| 21.0 0.1| 19.9

Average over European area (lon,lgt):12.5,35) — (35, 75)
mslp 36 —-0.03 | 277 | —0.03 | 2.78 0.09| 2.70 0.22| 2.68 0.18 | 2.67 0.08 | 2.73 0.09 | 2.70 0.27 | 2.62 0.16 | 249
mslp 48 0.08 | 3.61 0.06 | 3.63 0.18 | 3.53 0.29| 3.52 0.24| 3.51 0.18 | 3.55 0.17 | 3.52 0.34 | 3.41 034 | 321
H500 36 19| 236 1.8 | 23.7 2.7 22.7 16| 225 18| 224 221230 221|225 18| 21.7 -01 | 204
H500 48 21| 316 19| 319 2.8 | 30.8 16| 304 1.7 | 304 2.4 30.9 2.3 30.3 19| 29.2 13| 271
T850 36 0.23 | 1.84 022 | 1.84 0.22 | 1.78 0.10| 1.73 0.12| 1.73 0.20| 1.81 0.19 | 1.79 0.10| 1.70| —0.03 | 1.59
T850 48 0.21 | 210 0.20 | 2.10 0.20 | 2.04 0.08 | 1.99 0.11| 1.99 0.18 | 2.06 0.17 | 2.05 0.09| 196 | -0.02 | 184
T500 36 -0.07| 152 | -0.07| 152 | -0.06| 1.46| —-0.12| 1.45| -0.10| 1.44| —0.09| 1.48| -0.09| 1.46| —-0.13| 141 | -0.13| 134
T500 48 -0.10| 186 | -0.10| 187 | -0.09|1.81| -0.14|180| -0.12| 1.79| -0.11| 1.84| -0.10| 1.80| —0.14| 1.73| —0.14| 164
T300 36 0.01| 1.25 0.01|125| 0.01| 121 0.01]119| 0.03|1.19| 0.02|1.21| 0.05|1.20 0.04| 1.16 0.06 | 1.12
T300 48 0.02 | 1.47 0.02| 1.47 0.02| 1.45 0.02| 1.43 0.04| 1.43 0.04 | 1.45 0.06 | 1.44 0.06 | 1.40 0.08| 1.34
RH850 | 36 —-1.91 198 -191] 19.7| —-2.0| 195 —22]195| —-22|195| —-19|195| -2.0| 195 —-2.3| 193 -0.2| 17.6
RH850 | 48 —-2.0| 21.7 —-201]21.7| —-2.0] 215 —22|214| —-21|214| -21|215| -21|215 —-2.3| 213 —-0.4 | 19.8
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the second best rms-scores. It should be noted that TLF may have adwaaitage since this verification uses
the T1F analyses, but the effect of this is believed to be only marginal.

3.4 Case studies

In the period January 7 to January 14 2005 a number of storms hit theliSaaian area. Here, we fo-
cus on two of those. Firstly, the storm named Edwin or Gudrun (see,rg.gp: // www. dm . dk/ dmi /

8j anuar st or rguycar pr apport . pdf by Guy Carpenter & Company Lmt.) that heavily affected North-
ern Europe from Ireland to Russia. Here, we focus on 15 UTC andlt8Jlanuary 8, when the storm peaked
over Denmark. Secondly, a low passing Faeroe Islands and a little noBhetfand Islands affecting these
islands, Scotland and Norway. Here we focus on the wind and press@@UTC January 12, 2005. Thisis a
time at which the pressure was close to the minimum. Furthermore, a low closéatodcs 00 UTC January
1, 2005, is also studied since the comparaiét.no (Norwegian Meteorological Institute) results showed large
variations in the analyses at this time.

The first storm was the best ever (operational, real time) predicted st@nbenmark. It is therefore of interest
whether the different OSEs have similar quality. Figures 35, 36 and 3¥ gteverifying analyses for each
simulation, the 30 h forecasts, and the 42 h forecasts, respectively,2lidC January 8. Figure 38 shows
27 h forecasts valid 15UTC January 8. Table 7 list the mslp of the centerdoihé analyses and for the
forecasts. For the analyses, T1F has the best center low pressemecaimpared to available observations.
This is a natural consequence of the many additional SYNOP data in Sasizdwhich are available for the
T1F analysis compared to the number of SYNOP data available in the othainegpts. Compared to the
other analyses, the T1F analysis has larger areas with wind speeds2fhovs in the North Sea and in general
higher wind speeds over Danish land areas and in the Baltic Sea. The Wwigkdespeeds over land areas agree
well with observations. For the 30 h and 42 h forecasts valid at 18 UTC(baseline) and T1V (baseline plus
wind profilers) seem to underestimate the wind speed and furthermoreehasmitimum wind speed areas in
the Baltic Sea too far to the north when compared with the analyses. In bah Tab (baseline plus wind
and temperature from aircrafts) and T1F (full system) are among theieergs that have the highest wind
speeds in the Skagerrak/Kattegat. For the 30 h forecasts the experinodundsig radiosonde data (T1W, T1T
and T1D) underestimates the wind speed in this area. This is not the catbe fé2 h for the experiments
(TAT and T1D) including both wind and temperature data from the non-Gl#dibsondes. However, they
seem to underestimate the wind speed in the Baltic Sea. The T1B (baselin# plusatt data) forecasts look
reasonable in both cases.

Most of the 27 h forecasts (Figure 38) have the maximum 10 m wind speeakedbjust north of the “top of
Jutland” (Skagen) in opposition to the observations (not shown). Inrésmect the best forecasts are T1F
(full system) and T1U (baseline plus upper air wind and temperature fammQUAN radiosondes and from
aircraft). T1B (baseline plus wind and temperature from aircrafts) asdtre correct place for the maximum
10 m wind speed but it is slightly underestimated as compared to the otheastsetliowever, it is not clear
from the available observations whether the higher wind speeds is bettet. arlW (baseline plus wind from
non-GUAN radiosondes) has the position a little more to the north than the adeweoned but still better than
the others.

It is difficult to state a “best performance” based on these plots for thissteor that, a test with a storm surge
model used operational or pre-operational for the water level in thésDavaters would be beneficial. Such a
test may be performed at a later stage.

For the second storm the analyses and 30 h forecasts valid on 06 Uli@&ryag, 2005, are shown in Figures 39
and 40. Differences between the 30 h mslp forecasts and the T1F mslgiaraaly shown in Figure 41. The
mslp of the center low in the analyses and 30 h forecasts are given in theifgltable:
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Table 7: Mslp pressure in the center low for the analyses, 30 h, and 42 h &isegalid at 18 UTC January 8,
2005, and (bottom row) mslp pressure in the center low for the 27 h fetevealid at 15 UTC January 8, 2005.
The T1F analysis valid at 15 UTC January 8, 2005, has a center low m8gildd hPa.

experiment TIA TV Tiw TiT TiD TiX T1B T1U TIF
analysis (hPa) 961.5 9615 961.2 961.8 9615 9615 961.6 961.7 960.5
30 h forecast (hPa) 959.5 959.6 960.2 960.3 959.2 960.1 960.1 960.0 960.6
42 h forecast (hPa) 957.6 958.0 956.6 954.6 954.9 958.5 958.5 953.9 957.5
27 h forecast (hPa) 959.6 959.7 960.7 960.0 959.2 959.8 960.9 961.8 961.4

experiment TIA TV Tiw TiT TiD TiX Ti1B T1U TIF
analysis (hPa) 943.6 943.7 9445 09458 9457 944.0 9447 946.3 9459
30h forecast (hPa)) 951.7 947.4 948.7 950.5 950.3 9484 946.7 946.3 945.6

As expected there are some variations in the pressure of the low in theemsiyse there are no observations
close to the center in this case. For the 30h forecasts some forecastéspiteel pressure of the center low
very well and some have the center low 4 hPa to 6 hPa too high. Howeveofigination of the position and
the center pressure of the center low is not very well predicted excéipe ifilV (baseline plus wind profiler)
experiment. This is a case in which this experiment do very well compared tmtlibe experiments despite
the overall bad scores. Difference plots of mslp for the analyses betWb& and T1V show only very small
differences and is not shown here. Figure 42 show difference ptd®®hPa geopotential height between
T1A and T1V around Alaska where 3 wind profilers have been assimilatibx i1V experiment. These wind
profilers do make a difference in this analysis. Since the control run atbadies these wind profilers it could
be expected that this experiment also should have a good impact from tremevét, as the other plot in the
figure show, the additional radiosondes in Alaska and Canada ‘dgdhedgood impact from the wind profilers
in this case.

For the third case, the analyses, 36 h forecasts, and 48 h forecligtsnva0 UTC January 1, 2005, are shown
in Figures 43-45. The analyses agree quite well except for a smaltediffe in the T1F analysis. It is likely
that the reassimilation from 12 UTC 31 December, 2004, using the same EChé@étine analysis for large
scale blending, with T1F as an exception, is the reason for this. Thedliffebservational data sets used
in the subsequent analyses to prepare for the first guess field foOti&© analysis may not be sufficient
to make the surface pressure first guess fields in this area differ &hémare the observations available for
the OO UTC analysis. But as Figures 44 and 45 show, the 36 h and 48dafis valid at 00 UTC 1 January
2005 are rather poor, except for the T1F forecasts being the bddiaaly good. Figures 46 and 47 that
show differences between the validating (T1F) analysis and the 36 h&amébdecasts clearly demonstrate the
superior performance of the full system for both the 36 h and 48 hdstscFigure 45 also shows that the false
alarm of a deep low between Iceland and Greenland for the other expésimsea little less pronounced for
T1T, T1D and T1U than the others for the 48 h forecasts. Thus, thaimgms including radiosonde wind
and temperature data are a little better than the other experiments in this casis.nthithe case for the 36 h
forecasts.

3.5 Comparisons of wind speed observations with first guess fi elds

For the use of observations in an analysis system such as the HIRLAMaBBystem it is important that
the background (or first guess) and observation error statisticpanified correctly. Recently, a study by
Navascué®t al. (2006)) based on the method of Desroziral. (2005), was initiated within the HIRLAM
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community in order to tune these errors. One of the assumptions made in the assinsyatem, is that the
observations are bias-free and that the error distributions of the tmgid) and observations are Gaussian.
Figures 48 and 49 show the statistics of wind speed data from Meteosatr8ftaand radiosondes compared
with the first guess fields (from the control experiment, T1F) interpolatdtetobservation points. The statistics
are shown for three vertical ‘layers’. The observational data ardateeused in the analyses, data rejected in the
data assimilation are not used for making the statistics. The figures showeHgutdity” of the observations

— as compared to the model fields — are similar for the 3 data types. If anyth@ngadiosonde wind speeds
are a little worse. However, only few AMV and aircraft winds are availatleve ca. 200 hPa, in opposition to
radiosonde wind data.

4 Discussion and conclusions

The present study has resulted in a number of interesting results. Bekmleing that radiosonde data are still
a core part of the present observation systems some of the major conslasto

e The baseline set-up has rather poor overall scores compared to merssethups.

e Addition of the (very few) additional wind profiler data give an insignificempact. Nevertheless, one
case study gave a very positive impact on a high impact weather situatiqgulaRenonitoring of the
data from the different stations should be made, and based on this arksisé observation errors and
which stations to be included in the whitelist can be estimated. Furthermoréstiess such as is done
in Aladin (between 400 hPa and 700 hPa; Roger Randriamampianina (QMi$#&te communication)
to which part of the atmosphere where the data are used could be cedsidenell.

e The use of E-AMDAR data give only approximately half the impact (oveoga) compared to use of all
aircraft data for the long forecast lead times. For short forecastiemd the impact is almost the same
and essentially as big as the impact of radiosonde wind and temperature.

e The use of wind data alone from the additional non-GUAN radiosondes approximately half the
impact from using both wind and temperature from the additional radioSteide

¢ Additional use of humidity from the additional non-GUAN radiosondes @iveinsignificant impact.
However, this is probably due to deficiencies in the assimilation system. Wosirig done within the
HIRLAM cooperation (and elsewhere as well) to improve this in the future.

e The radiosonde wind and temperature data are the most important parttefréstrial network in this
study.

e However, the use of aircraft wind and temperature data gives almosathe isnpact as the additional
radiosonde wind and temperature data. For a few parameters the impacliés.sma

e The use of both aircraft and the additional radiosonde wind and tempeiddta leads to significantly
better scores compared to using only the wind data.

e Forthe long 06 UTC and 18 UTC forecasts for which the analyses haaedailable from onlyery few
radiosonde stations, the impact from aircraft data are significantly l#ngardata from the non-GUAN
radiosonde stations.

Thus, aircraft data and the extra radiosonde data are complementanyndatadundant data, in the DMI-
HIRLAM analysis and forecasting system. Besides being extremely impaortavtradiosonde data may also
in the future be very important data. Besides being important by themselves dath assimilation, they will
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likely play a strong role in anchoring the bias correction of satellite radiaimcasset-up with adaptive bias
correction, and of course for verification/validation purposes.

It seems important to have temperature information in addition to wind data, esdibsonde data experiments
show. In a future study it would be interesting to have an additional expetiwieéh temperature data (and no
wind data) from non-GUAN radiosonde stations.

Figures 4 and 5 show that occasionally some satellite data are missing. Tbeshalg that the number of
available AMSU-A data is smaller within the DMI-HIRLAM-T15 area over opea and sea ice for the 00 UTC
runs compared to the other cycles with the present satellite configuratids.(Rdd shown here) of the position
of the AMSU-A data in the 00 UTC data analyses show that very few datavaible in the Atlantic. This
results in a baseline set-up that may be more sensitive to additional data tleaseup using more satellite
data, as we expect to have in the future. It should also be noted thatenafjéime amount of AMSU-A data
over sea and sea-ice are somewhat lower for the 00 UTC analysestlwhdr analyses times with the present
satellite configuration. This is also the case for aircraft data in Europeginight since many airports do not
allow aircrafts to land or depart during the night. This could be importantdfaiir data are supposed to replace
some radiosonde stations.

The present study has two important weak points beside the ones ddsordleetion 2.4: 1) lack of short cut off
data for the long runs and therefore long cut off data have been usgebid; and 2) lack of the corresponding
ECMWEF test runs for lateral boundaries and use of the analyses inabsimglation steps. ECMWF decided to
make all tests (except for the AMDAR experiment) after the first DMI test®wlene. The computational costs
prohibited reruns of the first experiments and therefore all experimexdspt for the control experiments, have
used the ECMWF baseline run. The real importance of 1) is uncertaint IMely it is not very important in
comparison to 2). The difference between the results from the expermitbnthe second best scores and the
experiment with the full systerand use of the corresponding ECMWEF run for lateral boundaries and semly
in the reassimilation part suggests that it may be a very important part in a geligtic assessment of the
importance of the different terrestrial components of the global obgesyistem in the DMI-HIRLAM system.

It is expected that some of the impacts found hereiaderestimatedompared to impact found if the ECMWF
runs had been available for the study. For the next (a summer peridddpfpdis EUCOS OSE study, the
corresponding ECMWF test runs are available.

Studies like this should be repeated in the future, when more satellite data bacaitable (with the above
remark about the 00 UTC in mind), and when the assimilation system undeagagge change such as the
expected in the near future introduction of 4D-Var analyses, that carathkantage of more of the data that are
available at least hourly.
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Appendix A: GUAN and GSN station lists

The GUAN station list used here has the following WMO station identification nusnbe
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01001 02836 03005 03808 03953 04018 08495 08508 08594 10393
11520 15614 16245 17030 17062 17130 17220 17240 17280 17351
17351 17607 20674 21982 22550 23472 24266 26629 28698 30230
32540 33345 34731 35121 38880 41170 41217 41923 43599 44212
44231 44259 44277 44288 44292 44373 45004 47412 47646 47827
47936 47971 47991 48698 48820 48855 48900 50527 51709 52681
53068 55299 56778 57461 60018 60155 60191 60252 60715 60760
61052 61641 61901 61902 61976 61996 61998 62414 63450 63741
63985 64910 65578 67197 67774 68110 68588 68816 68906 70026
70308 70398 71082 71816 71836 71934 72201 72261 72293 72403
72597 72764 76654 78016 78397 78526 78583 78762 78954 80222
81405 82193 82332 82397 83378 83779 84628 85442 85469 85799
87155 87155 87860 88889 89002 89009 89022 89055 89512 89532
89564 89571 89592 89611 89642 89664 91165 91212 91217 91285
91334 91376 91408 91517 91557 91592 91610 91643 91765 91801
91802 91812 91824 91831 91843 91925 91938 91958 92035 92044
93417 93844 93986 93997 94120 94203 94294 94302 94461 94510
94610 94659 94975 94995 94996 94998 96935 96996

At most 40 of these stations were within the DMI-HIRLAM-T15 model area i Winter runs. The GSN
station list used here has the following WMO station identification numbers:

01001 01008 01026 01028 01098 01152 01212 01238 01403 01465
02120 02196 02226 02288 02410 02584 02836 02935 02963 03005
03026 03162 03302 03377 03808 03953 03980 04013 04048 04063
04210 04250 04320 04360 04390 06011 06186 06260 06680 06717
07130 07190 07255 07560 07630 07650 08027 08181 08202 08215
08280 08410 08506 08513 08522 08535 08583 10147 10393 10962
11012 11035 11146 11464 11934 12120 12385 12942 13577 14652
15085 15280 15360 16022 16134 16224 16258 16550 16597 16641
16723 16734 16746 17040 17062 17074 17090 17170 17240 17375
20069 20087 20292 20667 20674 20744 20891 20982 21432 21802
21921 21931 21946 21982 22113 22217 22471 22522 22550 22602
22802 22837 23074 23205 23330 23383 23405 23472 23552 23631
23678 23711 23724 23884 23891 23914 23933 23955 24125 24143
24266 24329 24343 24382 24507 24641 24671 24688 24738 24817
24908 24959 24966 25173 25248 25325 25356 25399 25400 25538
25551 25563 25594 25705 25744 25927 25954 26063 26242 26359
26406 26781 26997 27037 27051 27595 27612 27648 27995 28009
28064 28138 28224 28275 28418 28493 28552 28698 28722 28952
29231 29263 29282 29570 29612 29789 29807 29866 29939 30054
30230 30309 30372 30433 30554 30636 30673 30710 30758 30879
30925 30949 30965 31004 31088 31168 31253 31329 31369 31416
31707 31829 31873 31960 32061 32098 32150 32252 32389 32618
33038 33317 33377 33587 33915 33998 34123 34163 34186 34866
34880 34927 35011 35078 35108 35394 35416 35796 35849 35925
36177 36259 36535 36859 36870 36974 37470 37549 37989 38001
38262 38353 38413 38457 38507 38750 38763 38895 38915 38933
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38954 40001 40022 40061 40199 40361 40394 40430 40438 40582
40665 40706 40745 40754 40766 40841 40848 40856 40930 41024
41140 41150 41196 41254 41288 41316 41560 41620 41640 41712
41759 41764 42027 42083 42165 42182 42295 42410 42515 42539
42587 42671 42731 42779 43041 43063 43128 43279 43295 43333
43339 43363 43369 43473 43497 43555 44212 44218 44231 44239
44259 44272 44288 44317 44341 44373 44454 47014 47112 47115
47165 47401 47420 47582 47600 47648 47778 47815 47817 47927
47936 47945 47971 47991 48042 48062 48097 48303 48400 48407
48462 48500 48568 48620 48657 48855 48900 50527 50745 51076
51463 51709 51777 51828 52203 52533 52836 52889 53068 53614
53772 54342 54511 54857 55591 56137 56294 56571 56739 56985
57036 57083 57461 57745 57993 58362 58606 59287 59316 59431
59758 60010 60040 60156 60195 60265 60338 60390 60590 60611
60680 60725 60765 61017 61024 61043 61096 61202 61223 61250
61270 61297 61401 61415 61421 61450 61497 61612 61641 61687
61856 61901 61902 61972 61974 61986 61988 61990 61996 61997
61998 62010 62053 62124 62131 62271 62306 62414 62417 62420
62432 62463 62600 62640 62641 62650 62730 62760 62762 62770
62781 62840 62880 62941 63021 63403 63450 63453 63533 63612
63624 63661 63723 63740 63820 63832 63862 63894 63962 63980
64040 64146 64282 64397 64459 64503 64552 64700 64706 64751
64753 64754 64870 65123 65167 65306 65335 65352 65501 65516
65528 65585 65599 66152 66160 66270 66390 66410 66422 66447
66460 67005 67009 67019 67025 67073 67083 67095 67143 67161
67197 67215 67283 67297 67323 67441 67475 67581 67633 67666
67693 67743 67775 67983 68014 68032 68106 68110 68174 68296
68312 68370 68424 68438 68496 68580 68618 68712 68858 68906
68920 68938 68994 70026 70086 70133 70200 70219 70231 70251
70261 70308 70316 70326 70341 70361 70398 71017 71018 71026
71029 71043 71049 71051 71066 71069 71074 71078 71079 71095
71101 71109 71120 71122 71158 71160 71185 71197 71199 71279
71288 71299 71320 71321 71322 71338 71350 71355 71356 71358
71361 71362 71363 71364 71365 71434 71446 71490 71550 71585
71586 71592 71600 71603 71713 71721 71727 71733 71803 71813
71816 71818 71822 71823 71827 71828 71836 71842 71844 71862
71867 71869 71887 71894 71905 71906 71907 71910 71913 71915
71917 71923 71938 71945 71950 71964 71966 71984 71989 71990
72201 72208 72211 72231 72234 72248 72253 72266 72270 72278
72290 72304 72306 72312 72324 72344 72353 72360 72365 72386
72389 72405 72422 72432 72445 72451 72458 72476 72486 72519
72520 72532 72556 72562 72576 72578 72583 72594 72613 72617
72654 72658 72666 72681 72688 72712 72743 72764 72768 72772
72792 74492 76311 76393 76405 76458 76577 76644 76654 76680
76833 78016 78073 78367 78384 78388 78526 78650 78767 78897
78954 80001 80222 80241 80259 80342 80405 80423 80425 80438
80450 80453 80462 81202 81405 82024 82106 82113 82193 82331
82353 82400 82410 82425 82571 82586 82704 82825 83064 83229
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83236 83264 83361 83481 83488 83498 83566 83618 83650 83746
83781 83827 83842 83881 84008 84088 84140 84270 84279 84377
84444 84455 84721 84752 85041 85043 85114 85141 85207 85223
85230 85289 85364 85365 85406 85442 85469 85488 85543 85585
85629 85743 85799 85874 85934 86086 86297 86330 86440 86490
86565 87007 87047 87065 87078 87129 87155 87217 87257 87270
87305 87344 87374 87418 87534 87544 87623 87692 87715 87750
87803 87828 87860 87925 88963 88968 89002 89009 89022 89050
89055 89056 89062 89063 89065 89262 89266 89272 89324 89327
89345 89377 89512 89532 89564 89571 89573 89592 89606 89611
89642 89662 89664 89757 89828 89879 91165 91212 91285 91334
91348 91366 91376 91408 91413 91490 91503 91517 91554 91568
91577 91592 91610 91631 91643 91650 91652 91680 91699 91701
91724 91753 91765 91780 91789 91802 91812 91824 91831 91843
91925 91929 91938 91943 91945 91948 91954 91958 91964 92014
92035 92044 93012 93292 93309 93417 93615 93747 93844 93947
93987 93994 94101 94120 94131 94150 94170 94203 94212 94238
94259 94275 94287 94299 94300 94302 94312 94317 94326 94332
94340 94346 94367 94380 94403 94430 94461 94476 94480 94482
94485 94492 94510 94517 94541 94570 94589 94601 94626 94637
94638 94653 94689 94693 94711 94784 94802 94805 94821 94842
94907 94910 94937 94967 94995 94996 94998 95322 95646 95670
95719 95753 95916 95964 96073 96145 96163 96413 96441 96465
96491 96745 96805 96925 96995 96996 97014 97146 97240 97340
97372 97395 97502 97560 97686 97690 97724 97900 97980 98232
98429 98430 98444 98755 98836 98851

At most 303 of these stations were within the DMI-HIRLAM-T15 area arubrged surface pressure in the
winter runs.
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Table 8: Contingency tables for 20041213-20050115 (6—18 h forecasts)isb station list.

T1A 20041213-20050115 (60.5 %) T1B 20041213-20050115 (62.7 %)
| 01 02 03 04 O5 sum| %= | O1 02 03 04 O5 sum
F1 | 311 22 0O 0| 345| F1 [325 20 1 0] 355
F2 | 190 54 33 0| 279 | F2 | 184 67 31 0| 283
F3 126 185 33 512 | F3 120 198 39 513
F4 3 52 25 8| 101 | F4 7 45 19 7| 86
F5 0 o0 2 2| 7 F5 1 0 2 2| 7

sum | 661 215 285 62 21 1244| sum | 661 215 285 62 21 1244

%FO| 47 25 65 40 10 46 | %FO| 49 31 69 31 10 49

T1W 20041213-20050115 (63.4 %) T1T 20041213-20050115 (64.5 %)
5| 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 310 18 0O 0|33 | F1L [319 20 0 0] 349
F2 | 199 61 36 0| 298 | F2 | 197 65 31 0| 295
F3 130 199 34 523 | F3 124 201 33 513
F4 | 4 41 25 7| 83 | F4 3 40 25 6| 80
F5 0o 0 1 2| 6 F5 0O o0 2 2| 7

sum | 661 215 285 62 2] 1244\ sum | 661 215 285 62 21 1244

%FO| 47 28 70 40 10 48 | %FO| 48 30 71 40 10 49

T1D 20041213-20050115 (63.4 %) T1X 20041213-20050115 (62.7 %)
- | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 325 25 0 0|35 | F1L [321 21 1 0] 353
F2 | 186 54 26 0| 268 || F2 | 182 61 34 0| 278
F3 130 208 29 524 | F3 126 199 38 526
F4 5 40 30 7| 88 | F4 7 39 20 7| 80
F5 0o 0 1 2| 5 F5 0O 0 2 2| 7

sum | 661 215 285 62 2] 1244\ sum | 661 215 285 62 21 1244

%FO| 49 25 73 48 10 50 | %FO| 49 28 70 32 10 48

T1U 20041213-20050115 (64.6 %) T1F 20041213-20050115 (63.4 %)
5r | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 327 17 1 0]355| F1 |315 21 0 0] 344
F2 | 184 69 30 0| 284 | F2 |210 63 37 0| 313
F3 123 207 27 515 | F3 123 198 32 494
F4 | 4 36 32 7| 8 | F4 5 38 26 9| 85
F5 0o o0 1 2| 5 F5 0o 1 1 2| 8

sum | 661 215 285 62 21 1244\ sum | 661 215 285 62 21 1244

%FO| 49 32 73 52 10 51 | %FO| 48 29 69 42 10 49

T1A 20041213-20050115 (60.5 %) T1V 20041213-20050115 (62.6 %)
5r | O1 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 311 22 O 0| 345| F1 |318 21 0 0] 347
F2 | 190 54 33 0| 279 | F2 | 187 58 46 0| 293
F3 126 185 33 512 | F3 129 178 33 501
F4 3 52 25 8| 101 | F4 6 50 26 8| 97
F5 0o 0 2 2| 7 F5 0O o0 1 2| 6

sum | 661 215 285 62 21 1244\ sum | 661 215 285 62 21 1244

%FO| 47 25 65 40 10 46 | %FO| 48 27 62 42 10 47




Table 9: Contingency tables for 20041213-20050115 (18—30 h forecd3#slish station list.

T1A 20041213-20050115 (60.3 %)

T1B 20041213-20050115 (60.0 %)

| 01 02 03 04 O5 sum| %= | O1 02 03 04 O5 sum
F1 | 300 17 0O 0|33 F1L [307 21 0 0] 341
F2 | 195 53 23 1| 274 | F2 | 199 52 31 0| 285
F3 130 204 42 543 | F3 119 194 41 514
F4 | 13 44 18 2| 90 | F4 9 45 18 4| 97
F5 1 0 0 3| 6 F5 1 0 0 2| 6
sum | 661 213 286 62 211243| sum |661 213 286 62 21 1243
%FO| 45 25 71 29 14 47 | %FO| 46 24 68 29 10 46

T1W 20041213-20050115 (59.7 %) T1T 20041213-20050115 (60.5 %)
5| 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 |292 21 O 0| 323| F1 |298 16 0 0] 329
F2 | 197 43 25 0| 267 | F2 | 193 53 19 0| 266
F3 137 202 43 558 | F3 134 205 37 551
F4 | 11 47 17 3| 90 | F4 9 44 24 3| 90
F5 0o 0 0 3| 5 F5 1 0 0 3| 7
sum | 661 213 286 62 211243 sum | 661 213 286 62 2] 1243
WFO| 44 20 71 27 14 45 |%FO| 45 25 72 39 14 47

T1D 20041213-20050115 (59.9 %) T1X 20041213-20050115 (60.1 %)
- | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 297 18 0O 0| 326 | F1 |208 17 0O 0] 328
F2 | 197 47 23 0| 269 || F2 | 199 50 27 0| 278
F3 136 207 37 554 | F3 131 204 41 539
F4 8 41 23 2| 86 | F4 | 13 40 19 4| 91
F5 1 0 0o 3| 8 F5 2 0 0 3| 7
sum | 661 213 286 62 211243 sum | 661 213 286 62 2] 1243
WFO| 45 22 72 37 14 46 | %FO| 45 23 71 31 14 46

T1U 20041213-20050115 (61.3 %) T1F 20041213-20050115 (59.0 %)
5r | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 324 21 1 0] 358| F1 |328 22 0 0] 360
F2 | 182 56 33 1| 275| F2 |169 60 37 0| 270
F3 119 194 37 507 | F3 112 177 40 491
F4 | 10 44 21 4| 96 | F4 | 14 60 18 5| 116
F5 1 0 0 3| 7 F5 1 0 0 3| 6
sum | 661 213 286 62 211243 sum | 661 213 286 62 2] 1243
%WFO| 49 26 68 34 14 48 | %FO| 50 28 62 29 14 47

T1A 20041213-20050115 (60.3 %) T1V 20041213-20050115 (60.6 %)
5r | O1 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 300 17 0O 0|33 F1L [300 20 0 0] 330
F2 | 195 53 23 1| 274 | F2 | 191 52 29 0| 274
F3 130 204 42 543 | F3 126 210 43 553
F4 | 13 44 18 2| 90 | F4 9 34 17 4| 79
F5 1 0 0 3| 6 F5 1 0 0 3| 7
sum | 661 213 286 62 211243 sum | 661 213 286 62 2] 1243
WFO| 45 25 71 29 14 47 | %FO| 45 24 73 27 14 47




Table 10: Contingency tables for 20041213-20050115 (30—42 h forecd¥s)ish station list.

T1A 20041213-20050115 (58.9 %) T1B 20041213-20050115 (60.6 %)
| 01 02 03 04 O5 sum| %= | O1 02 03 04 O5 sum
F1 | 287 15 1 0]310| F1 |295 20 2 0] 328
F2 | 181 59 36 2|29 | F2 | 178 56 28 1| 271
F3 116 194 35 507 | F3 117 201 35 510
F4 9 48 12 7| 93 | F4 | 10 45 16 8| 94
F5 2 1 2 0| 6 F5 0o o0 1 1| 3

sum | 629 208 286 62 21 1206| sum | 629 208 286 62 21 1206
%FO| 46 28 68 19 O 46 | FO| 47 27 70 26 5 47

T1W 20041213-20050115 (58.6 %) T1T 20041213-20050115 (58.7 %)
5| 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 280 16 3 0]310| F1 [300 21 2 0] 335
F2 | 194 56 33 4296 | F2 | 178 60 38 1| 283
F3 124 189 36 508 | F3 108 188 40 494
F4 7 46 12 6| 83 | F4 7 48 13 6| 93
F5 0o 0 2 0| 9 F5 o 0 0 1 o0 1

sum | 629 208 286 62 21 1206\ sum | 629 208 286 62 21 1206
%FO| 45 27 66 19 0O 45 | %FO| 48 29 66 21 0 47

T1D 20041213-20050115 (59.6 %) T1X 20041213-20050115 (58.2 %)
- | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 292 18 2 0|320| F1 |201 22 4 0| 332
F2 | 192 66 44 2| 308 | F2 | 170 57 29 0| 262
F3 110 187 42 490 | F3 109 189 36 503
F4 7 46 13 6| 86 | F4 | 11 52 15 7| 104
F5 0o 0 1 0| 2 F5 1 1 1 1| 5

sum | 629 208 286 62 21 1206\ sum | 629 208 286 62 21 1206
%FO| 46 32 65 21 0 46 || %FO| 46 27 66 24 5 46

T1U 20041213-20050115 (58.0 %) T1F 20041213-20050115 (57.5 %)
5r | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 299 19 2 0|329| F1 |292 25 1 0] 330
F2 | 180 63 35 0| 280 | F2 | 180 56 39 2| 284
F3 109 178 42 483 | F3 111 178 40 492
F4 9 61 13 6| 106 | F4 8 56 14 3| 96
F5 0o o0 3 2| 8 F5 1 1 0o 1| 4

sum | 629 208 286 62 21 1206\ sum | 629 208 286 62 21 1206
%FO| 48 30 62 21 10 46 | %FO| 46 27 62 23 5 45

T1A 20041213-20050115 (58.9 %) T1V 20041213-20050115 (58.3 %)
5r | O1 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 287 15 1 0]310| F1 |28 16 2 0] 316
F2 | 181 59 36 2| 290 | F2 [180 64 35 0| 287
F3 116 194 35 507 | F3 108 187 35 492
F4 9 48 12 7| 93 | F4 | 13 49 15 8| 104
F5 2 1 2 0| 6 F5 1 1 2 0| 7

sum | 629 208 286 62 21 1206\ sum | 629 208 286 62 21 1206
FO| 46 28 68 19 0 46 | %FO| 45 31 65 24 0O 46




Table 11: Contingency tables for 20041213-20050115 (6—18 h forecast8isIEAM station list.

T1A 20041213-20050115

T1B 20041213-20050115

obe= Ol 02 03 04 05 sum || P2 OlL 02 03 04 05 sum
F1 | 8793 382 12 3| 9295| F1 | 8813 375 9 2| 9307
F2 | 2821 992 504 10| 4367 | F2 | 2786 1015 466 12| 4320
F3 1106 1820 411 4538 | F3 1094 1865 397 4562
F4 60 343 342 170| 978 || F4 56 331 367 179| 997
F5 4 7 72 169 | 296 | F5 6 2 63 171 | 288
sum | 12787 2550 2816 877 44419474| sum | 12787 2550 2816 877 44419474
%FO| 69 39 65 39 38 62 |%FO| 69 40 66 42 39 63
T1W 20041213-20050115 T1T 20041213-20050115
o Ol 02 03 04 05 sum || P2 Ol 02 03 04 05 sum
F1 | 8774 372 11 1| 9257 | F1 | 8763 369 10 2| 9226
F2 | 2829 1019 493 13| 4394 || F2 | 2841 995 475 11| 4360
F3 1092 1841 406 4538 | F3 1120 1891 409 4624
F4 59 339 350 181| 989 || F4 64 322 353 175| 972
F5 9 7 70 166 | 296 | F5 5 8 67 166 | 292
sum | 12787 2550 2816 877 44419474\ sum | 12787 2550 2816 877 44419474
WFO| 69 40 65 40 37 62 | %FO| 69 39 67 40 37 62
T1D 20041213-20050115 T1X 20041213-20050115
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 8781 369 9 3| 9250 | F1 | 8824 365 10 1| 9295
F2 | 2843 990 480 12| 4358 || F2 | 2775 1030 501 12| 4359
F3 1130 1877 410 4598 | F3 1089 1847 394 4535
F4 58 323 358 184| 975 || F4 56 327 364 181| 989
F5 7 9 67 162 | 293 | F5 7 5 68 170 | 296
sum | 12787 2550 2816 877 44419474\ sum | 12787 2550 2816 877 44419474
%FO| 69 39 67 41 36 62 |%FO| 69 40 66 42 38 63
T1U 20041213-20050115 T1F 20041213-20050115
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 8867 369 13 2| 9335 | F1 | 8854 364 8 3| 9305
F2 | 2773 999 459 19| 4279 | F2 | 2809 99 463 7| 4301
F3 1116 1881 413 4561 | F3 1128 1874 411 4552
F4 65 348 351 186| 1007 || F4 54 365 362 175| 1015
F5 5 9 71 163 | 292 | F5 10 3 70 180 | 301
sum | 12787 2550 2816 877 44419474\ sum | 12787 2550 2816 877 44419474
%FO| 69 39 67 40 37 63 |%FO| 69 39 67 41 41 63
T1A 20041213-20050115 T1V 20041213-20050115
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 8793 382 12 3| 9295| F1 | 8793 377 11 1| 9287
F2 | 2821 992 504 10| 4367 || F2 | 2828 997 496 10 | 4374
F3 1106 1820 411 4538 | F3 1103 1830 404 4527
F4 60 343 342 170| 978 || F4 65 333 356 172 992
F5 4 7 72 169 | 296 | F5 4 7 63 168 | 294
sum | 12787 2550 2816 877 44419474\ sum | 12787 2550 2816 877 44419474
%FO| 69 39 65 39 38 62 |%FO| 69 39 65 41 38 62




Table 12: Contingency tables for 20041213-20050115 (18—30 h forec&{8{5LAM station list.

T1A 20041213-20050115

T1B 20041213-20050115

obe= o1 03 04 05 sum || P OlL 02 03 04 05 sum
F1 | 8684 21 3| 9264 | F1 | 8702 423 17 2| 9289
F2 | 2764 521 13| 4343 || F2 | 2718 981 503 15| 4270
F3 1068 1797 428 4635 | F3 1069 1823 414 4659
F4 76 320 320 174| 955 || F4 90 315 329 176| 978
F5 9 64 144 | 273 | F5 7 9 68 146 | 274
sum | 12763 2550 2830 881 44619470| sum | 12763 2550 2830 881 44619470
%FO| 68 63 36 32 61 |%FO| 68 38 64 37 33 62
T1W 20041213-20050115 T1T 20041213-20050115
o o1 03 04 05 sum || P Ol 02 03 04 05 sum
F1 | 8696 14 2| 9238 | F1 | 8654 403 17 3| 9220
F2 | 2762 546 12| 4369 | F2 | 2768 993 475 9| 4294
F3 1793 440 4650 | F3 1084 1837 433 4723
F4 64 324 315 180| 943 || F4 72 327 317 178| 957
F5 10 68 143 | 270 | F5 11 7 65 145 | 276
sum | 12763 2550 2830 881 44619470| sum | 12763 2550 2830 881 44619470
%FO | 68 63 36 32 61 |[%FO| 68 39 65 36 33 61
T1D 20041213-20050115 T1X 20041213-20050115
o o1 03 04 05 sum || e Ol 02 03 04 05 sum
F1 | 8653 12 3| 9203 | F1 | 8709 408 18 2| 9282
F2 | 2791 527 10| 4361 | F2 | 2714 1009 504 16 | 4291
F3 1079 1807 436 4662 | F3 1053 1830 417 4674
F4 73 324 326 180| 974 || F4 74 312 325 162| 945
F5 11 57 148 | 270 | F5 7 8 73 151 | 278
sum | 12763 2550 2830 881 44619470| sum | 12763 2550 2830 881 44619470
%FO| 68 64 37 33 61 |%FO| 68 40 65 37 34 62
T1U 20041213-20050115 T1F 20041213-20050115
o o1 03 04 05 sum || e Ol 02 03 04 05 sum
F1 | 8680 16 1| 9225| F1 | 8644 415 13 3| 9173
F2 | 2761 520 20| 4338 | F2 | 2822 983 516 12| 4373
F3 1836 431 4663 | F3 1070 1834 417 4624
F4 79 316 317 176| 955 || F4 76 339 335 179 | 1004
F5 9 71 156 | 289 | F5 8 7 76 162 | 296
sum | 12763 2550 2830 881 44619470| sum | 12763 2550 2830 881 44619470
%FO| 68 65 36 35 62 |%wFO| 68 39 65 38 36 61
T1A 20041213-20050115 T1V 20041213-20050115
o o1 03 04 05 sum || = Ol 02 03 04 05 sum
F1 | 8684 21 3| 9264 | F1 | 8700 410 14 3| 9276
F2 | 2764 521 13| 4343 || F2 | 2757 985 517 14 | 4329
F3 1797 428 4635 | F3 1065 1790 427 4612
F4 76 320 320 174| 955 || F4 80 329 317 172| 980
F5 9 64 144 | 273 | F5 6 8 67 147 | 273
sum | 12763 2550 2830 881 44619470| sum | 12763 2550 2830 881 44619470
%FO| 68 63 36 32 61 |%FO| 68 39 63 36 33 61




Table 13: Contingency tables for 20041213-20050115 (3042 h forec&{8{5LAM station list.

T1A 20041213-20050115

T1B 20041213-20050115

obe= Ol 02 03 04 05 sum || P2 O1L 02 03 04 05 sum
F1 | 8208 436 20 11| 8953 | F1 | 8330 448 18 5| 8981
F2 | 2665 922 592 30| 4284 | F2 | 2652 924 573 29 | 4242
F3 1024 1605 442 4447 || F3 999 1632 461 4455
F4 97 335 263 154| 936 || F4 92 330 255 142| 913
F5 22 10 72 131 | 285 | F5 25 14 74 146 | 314
sum | 12346 2479 2770 872 43818905| sum | 12346 2479 2770 872 43818905
%FO| 67 37 58 30 30 59 |%FO| 67 37 59 29 33 60
T1W 20041213-20050115 T1T 20041213-20050115
o Ol 02 03 04 05 sum || P2 O1L 02 03 04 05 sum
F1 | 8279 440 24 8| 8933 | F1 | 8259 437 21 6| 8900
F2 | 2698 926 565 29| 4284 | F2 | 2709 897 552 25| 4254
F3 1017 1639 439 4465 | F3 1043 1633 432 4493
F4 88 335 272 146| 923 || F4 93 360 279 146| 966
F5 21 14 71 145| 300 | F5 20 14 69 141 | 292
sum | 12346 2479 2770 872 43818905| sum | 12346 2479 2770 872 43818905
%FO| 67 37 59 31 33 60 |%FO| 67 36 59 32 32 59
T1D 20041213-20050115 T1X 20041213-20050115
o Ol 02 03 04 05 sum | P& O1L 02 03 04 05 sum
F1 | 8292 439 20 7| 8925 | F1 | 8318 446 22 12| 8982
F2 | 2673 907 573 28| 4254 || F2 | 2653 895 547 19 | 4179
F3 1040 1643 434 4513 | F3 1049 1625 450 4517
F4 84 337 276 147| 924 || F4 86 361 259 137 | 922
F5 21 13 69 136 | 289 | F5 21 10 76 145 | 305
sum | 12346 2479 2770 872 43818905| sum | 12346 2479 2770 872 43818905
%FO| 67 37 59 32 31 60 |%FO| 67 36 59 30 33 59
T1U 20041213-20050115 T1F 20041213-20050115
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 8303 450 19 5| 8950 | F1 | 8339 425 14 5| 8932
F2 | 2687 891 561 27| 4217 || F2 | 2660 916 548 14| 4195
F3 1033 1636 445 4484 | F3 1046 1679 412 4485
F4 91 335 271 140| 930 || F4 94 341 314 162| 991
F5 23 12 86 138 | 324 | F5 18 12 75 144 | 302
sum | 12346 2479 2770 872 43818905| sum | 12346 2479 2770 872 43818905
%FO| 67 36 59 31 32 59 |%FO| 68 37 61 36 33 60
T1A 20041213-20050115 T1V 20041213-20050115
o Ol 02 03 04 05 sum | P& O1 02 03 04 05 sum
F1 | 8298 436 20 11| 8953 | F1 | 8294 439 26 7| 8958
F2 | 2665 922 592 30| 4284 | F2 | 2675 914 576 37| 4285
F3 1024 1605 442 4447 | F3 1037 1598 438 4434
F4 97 335 263 154| 936 || F4 08 354 252 151| 931
F5 22 10 72 131 | 285 | F5 27 13 73 134 | 297
sum | 12346 2479 2770 872 43818905| sum | 12346 2479 2770 872 43818905
%FO| 67 37 58 30 30 59 |%FO| 67 37 58 29 31 59
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Table 14: Equitable threat scores (ETS) against Danish stations for the DecBanuggiry period runs. ETS1
is for a limit of 0.3 mm/12 h, ETS2 is for a limit of 1.5mm/12h and ETS3 is for a limit of 5.0 mm/12Hne

smallest value and values within 0.0025 of this value for a given foreaagerand limit is shown in red. The
best value as well as values within 0.0025 of this value for a given feteaage and limit is marked with bold

black font.

Danish stations

6-18h

18-30h

30-42h

model

ETS1

ETS2

ETS3

ETS1

ETS2

ETS3

ETS1

ETS2

ETS3

T1A

0.272

0.305

0.203

0.273

0.277

0.111

0.264

0.273

0.092

T1B

0.297

0.300

0.170

0.282

0.294

0.110

0.271

0.271

0.131

T1D

0.289

0.305

0.260

0.259

0.276

0.152

0.272

0.291

0.096

T1T

0.308

0.285

0.226

0.264

0.281

0.157

0.261

0.264

0.090

T1U

0.301

0.306

0.288

0.288

0.286

0.140

0.266

0.261

0.098

T1W

0.295

0.297

0.222

0.264

0.265

0.112

0.251

0.269

0.092

TV

0.294

0.295

0.212

0.264

0.257

0.131

0.253

0.267

0.108

T1X

0.282

0.297

0.189

0.266

0.258

0.131

0.251

0.250

0.103

T1F

0.297

0.286

0.241

0.275

0.285

0.104

0.263

0.269

0.070

Table 15: Equitable threat scores (ETS) against EWGLAM stations for the Decédaloeiary period runs.
ETS1 is for a limit of 0.3 mm/12 h, ETS2 is for a limit of 1.5mm/12 h and ETS3 is for a limit.6fh&m/12 h.
The smallest value and values within 0.0025 of this value for a given fsreaage and limit is shown in red.

The best value as well as values within 0.0025 of this value for a givextdst range and limit is marked with

bold black font.

EWGLAM stations

6-18h

18-30h

30-42h

model

ETS1

ETS2

ETS3

ETS1

ETS2

ETS3

ETS1

ETS2

ETSS

T1A

0.396

0.428

0.382

0.382

0.391

0.352

0.357

0.355

0.295

T1B

0.407

0.427

0.401

0.381

0.400

0.361

0.367

0.368

0.293

T1D

0.400

0.437

0.398

0.387

0.407

0.356

0.364

0.367

0.302

T1T

0.404

0.434

0.391

0.385

0.401

0.354

0.363

0.369

0.299

T1U

0.410

0.438

0.391

0.385

0.407

0.362

0.361

0.376

0.298

T1W

0.396

0.429

0.392

0.387

0.401

0.358

0.359

0.374

0.305

TV

0.396

0.427

0.384

0.382

0.386

0.347

0.359

0.359

0.289

T1X

0.403

0.429

0.403

0.381

0.395

0.358

0.365

0.369

0.292

T1F

0.409

0.448

0.398

0.386

0.416

0.374

0.371

0.380

0.335
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Figure 6 : Obs-verification of control run (T1A), ‘additional radiosonde wintldemperature’ (T1T) run, ’all
aircraft’ (T1B) run, and ‘E-AMDAR’ (T1X) run. EWGLAM station list.
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Figure 7: Obs-verification of control run (T1A), ‘additional radiosonde win@1{V) run, ‘additional ra-
diosonde wind and temperature’ (T1T) run, and ‘all TEMP’ run (TIBWWGLAM station list.
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Figure 8 : Obs-verification of the control run (T1A), the ‘additional radiosomded and temperature’ (T1T)
run, ‘additional radiosonde and aircraft wind and temperature’ (Tild) and the ‘full system’ (T1F) run.
EWGLAM station list.
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Figure 9 : Obs-verification of the baseline (T1A) run and the 'wind profiler’ (Txun. EWGLAM station list.
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Figure 10: Obs-verification of surface parameters using a Danish station list. @lLBbservations used;
T1A: baseline run; T1B: T1A + aircraft; TIW: T1A + wind from other rasondes; T1T: T1A + wind and
temperature data from other radiosondes; T1D: T1A + data from all cdideysondes; T1X: T1A + E-AMDAR
data; T1V: T1A + wind profiler data).
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Figure 11 : Bias (left) and rms scores at analysis time and for the 12, 24, 36 andut§drecasts of the full
system (T1F) experiment as a function of pressure in the DecembetJ200éry 2005 period. Top row is for

temperature and bottom row is geopotential. (The numbers in small print in th@lbis indicate the number
of observations used).
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Figure 12 : Rms scores for T1B (all AIREPSs, left) and differences in rms-scbheéseen T1A (baseline exper-
iment) and T1B (right) at analysis time and for the 12, 24, 36 and 48 hoecdsts as a function of pressure
in the December 2004/January 2005 period. Top row is for temperatdreaitom row is for geopotential.
Positive values in the difference plots indicate T1B has better rms-scores.
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Figure 13 : Rms scores for T1T (wind and temperature from radiosondes, leftjidfiedences in rms-scores

between T1B (all AIREPs) and T1T (right) at analysis time and for the 4238 and 48 hour forecasts as a
function of pressure in the December 2004/January 2005 period.ovojs Ifor temperature and bottom row is
for geopotential. Positive values in the difference plots indicate T1T hierlbens-scores.
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Figure 14 : Rms scores for T1B (all AIREPs, left) and differences in rms-scoedseen T1X (all E-AMDAR)
and T1B (right) at analysis time and for the 12, 24, 36 and 48 hour fetees a function of pressure in the
December 2004/January 2005 period. Top row is for temperature dtwirbmw is for geopotential. Positive
values in the difference plots indicate T1B has better rms-scores.
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Figure 15: Rms scores for T1D (all TEMPs, left) and differences in rms-scoeésden T1A (baseline exper-
iment) and T1D (right) at analysis time and for the 12, 24, 36 and 48 hoecdsts as a function of pressure
in the December 2004/January 2005 period. Top row is for temperatdreattom row is for geopotential.
Positive values in the difference plots indicate T1D has better rms-scores.
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Figure 16 : Rms scores for T1T (baseline + additional radiosonde wind and tempeiddta, left) and dif-
ferences in rms-scores between T1W (baseline + additional radiogandelata) and T1T (right) at analysis
time and for the 12, 24, 36 and 48 hour forecasts as a function of pegssine December 2004/January 2005

period. Top row is for temperature and bottom row is for geopotential. RPesiéilues in the difference plots
indicate T1T has better rms-scores.
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Figure 17 : Rms scores for T1D (all radiosonde data, left) and differences irsocoses between T1T (baseline
+ additional radiosonde wind and temperature data) and T1D (right) atsssméime and for the 12, 24, 36
and 48 hour forecasts as a function of pressure in the December 2004dry 2005 period. Top row is for

temperature and bottom row is for geopotential. Positive values in the diffeqgots indicate T1D has better
rms-scores.
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Figure 18 : Rms scores for T1T (baseline + additional radiosonde wind and tempedsta) and differences
in rms-scores between T1U (baseline + additional radiosonde andfaivard and temperature data) and T1T
(right) at analysis time and for the 12, 24, 36 and 48 hour forecastswasctidn of pressure in the December

2004/January 2005 period. Top row is for temperature and bottom raw gebpotential. Positive values in the
difference plots indicate T1T has better rms-scores.
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Figure 19 : Rms scores for T1F (full system, left) and differences in rms-sceeegden T1A (baseline exper-
iment) and T1F (right) at analysis time and for the 12, 24, 36 and 48 hoecdets as a function of pressure
in the December 2004/January 2005 period. Top row is for temperatdreattom row is for geopotential.
Positive values in the difference plots indicate T1F has better rms-scores.
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Figure 20: Rms scores for T1F (full system, left) and differences in rms-scoetsden T1U (baseline +
additional radiosonde and aircraft wind and temperature data) andrighf) @t analysis time and for the 12,
24, 36 and 48 hour forecasts as a function of pressure in the Dec@®®éflanuary 2005 period. Top row

is for temperature and bottom row is for geopotential. Positive values in tfezatite plots indicate T1F has
better rms-scores.
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Figure 21 : Daily bias and standard deviation scores for 48 h forecasts of mslpdquehod December 15,
2004, to January 15, 2005.
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Figure 22 : Daily bias and standard deviation scores for 48 h forecasts of 85tnizerature for the period
December 15, 2004, to January 15, 2005.
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Figure 23 : Daily bias and standard deviation scores for 48 h forecasts of 50§édtzotential height for the
period December 15, 2004, to January 15, 2005.
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Figure 24 : Significance test based on daily rms scores of mslp for 0O0UTC and 12df€ 90 % two

sided confidence interval. The first model run is better than the seconflthe mean is negative. (T1F: all
observations used; T1A: baseline run; T1B: T1A + aircraft; TIW: FLWind from other radiosondes; T1T:
T1A + wind and temperature data from other radiosondes; T1D: T1A +fdataall other radiosondes; T1X:
T1A + E-AMDAR data; T1V: T1A + wind profiler data).
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Figure 25: Significance test based on daily rms scores of 300 hPa temperature.tv@® ded confidence
interval. The first model run is better than the second run if the mean is weg@lilF: all observations used;
T1A: baseline run; T1B: T1A + aircraft; TIW: T1A + wind from other rasondes; T1T: T1A + wind and

data; T1V: T1A + wind profiler data; T1U: T1T + all aircraft data).
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Figure 26 : Significance test based on daily scores of 300 hPa wind speed. 90 $tdsebconfidence interval.
The first model run is better than the second run if the mean is negativé:: élllobservations used; T1A:
baseline run; T1B: T1A + aircraft; TIW: T1A + wind from other radiodes; T1T: T1A + wind and temperature
data from other radiosondes; T1D: T1A + data from all other radiossntilX: T1A + E-AMDAR data; T1V:

T1A + wind profiler data; T1U: T1T + all aircraft data).
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Figure 27 : Significance test based on daily scores of 850 hPa temperature. 908igledaconfidence interval.
The first model run is better than the second run if the mean is negativé:: élllobservations used; T1A:
baseline run; T1B: T1A + aircraft; TIW: T1A + wind from other radiodes; T1T: T1A + wind and temperature
data from other radiosondes; T1D: T1A + data from all other radiossntilX: T1A + E-AMDAR data; T1V:
T1A + wind profiler data; T1U: T1T + all aircraft data).
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Figure 28 : Significance test based on daily scores of 700 hPa relative humidity. t9@%ided confidence

interval. The first model run is better than the second run if the mean is weg@filF: all observations used;

T1A: baseline run; T1B: T1A + aircraft; TIW: T1A + wind from other rasondes; T1T: T1A + wind and
temperature data from other radiosondes; T1D: T1A + data from all cdideysondes; T1X: T1A + E-AMDAR
data; T1V: T1A + wind profiler data; T1U: T1T + all aircraft data)
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Figure 29 : Significance test based on daily scores of 500 hPa geopotential he@ftitwo sided confidence
interval. The first model run is better than the second run if the mean is weg@lilF: all observations used;
T1A: baseline run; T1B: T1A + aircraft; TIW: T1A + wind from other rasondes; T1T: T1A + wind and
temperature data from other radiosondes; T1D: T1A + data from all cdid@ysondes; T1X: T1A + E-AMDAR

data; T1V: T1A + wind profiler data; T1U: T1T + all aircraft data)
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Figure 30 : Significance test based on daily scores of mslp for 06 UTC and 18 Un€ A0 % two sided con-
fidence interval. The first model run is better than the second run if the meagative. (T1F: all observations
used; T1A: baseline run; T1B: T1A + aircraft; TIW: T1A + wind from etlradiosondes; T1T: T1A + wind and
temperature data from other radiosondes; T1D: T1A + data from all cdid@ysondes; T1X: T1A + E-AMDAR
data; T1V: T1A + wind profiler data).
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Figure 31 : Significance test based on daily scores of selected parameters far@ahd 18 UTC runs only.

90 % two sided confidence interval. The first model run is better than tioedean if the mean is negative. Top
row is for 500 hPa geopotential height, second row from top is for 3@0#Rd speed, third row is for 300 hPa
temperature and bottom row is for 850 hPa temperature. (T1B: baselinerafgiT1T: baseline + wind and
temperature data from non-GUAN radiosonde; T1X: baseline + E-AMDAR).
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Figure 32 : Obs-verification of the 'baseline plus operational E-AMDAR wind and terafure data’ (T1X) run
and the 'baseline plus E-AMDAR (including data from the ECMWF archi¢€lY) run. EWGLAM station
list.
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Figure 34 : Significance test based on daily scores of selected parameters foarid Y1X. 90 % two sided
confidence interval. The T1Y experiment is better than the T1X experimérg ihean is negative. Top row is
for 500 hPa geopotential height and temperature and 300 hPa tempesattord row from top is for 300 hPa
wind speed, mslp and 700 hPa relative humidity. (T1X: baseline + E-AMDatR ftom DMI operations. T1X:
baseline + E-AMDAR from DMI operations and from the ECMWF archive)
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Figure 35: Analyses valid at 18 UTC January 8, 2005. (T1F: all observatioad;uslA: baseline run; T1B:
T1A + aircraft; TAW: T1A + wind from other radiosondes; T1T: T1A + wiand temperature data from other
radiosondes; T1D: T1A + data from all other radiosondes; T1X: T1IA-AMDAR data; T1V: T1A + wind
profiler data; T1U: T1T + all aircraft data).

www.dmi.dk/dmi/sr06-07 page 67 of 86



Danish Meteorological Institute
Scientific Report 06-07

10-12 12-14 14-16 16-18 18-20 20-22 22-24 24-26 26-28 28-30 30-33

- 8-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24 24-26 26-28 28-30 30-33 - 8-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24 24-26 26-28 28-30 30-33 0-8 8-10
[ 1
10 m. wind o0 1A 2005010712+030 . 10 m. wind O m T1W 2005010712+030
: . Ty o/ : : 7 AST i N : Zay
; ) . i) R 9

T»/ RONEY

B\
st
EEEEREAE

Jjﬂ,'i;;‘ -

e

<

- 0Ol
2 -
[ 1 [ [ ]
10 m. wind O m T1T 2005010712+030 10 m. wind ® T1D 2005010712+030
T N - o g o — R

B .
Ede=dyastay g

S22,

T

[ T
10 m. wind O m T1U 2005010712+030
i V4 ;

eS|

Figure 36 : 30 h forecasts valid at 18 UTC January 8, 2005. (T1F: all obsenatiged; T1A: baseline run;
T1B: T1A + aircraft; TIW: T1A + wind from other radiosondes; T1T:A'+ wind and temperature data from
other radiosondes; T1D: T1A + data from all other radiosondes; TID& + E-AMDAR data; T1V: T1A +

wind profiler data; T1U: T1T + all aircraft data).
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Figure 37 : 42 h forecasts valid at 18 UTC January 8, 2005. (T1F: all obsenatiged; T1A: baseline run;
T1B: T1A + aircraft; TIW: T1A + wind from other radiosondes; T1T:A'+ wind and temperature data from
other radiosondes; T1D: T1A + data from all other radiosondes; TID& + E-AMDAR data; T1V: T1A +

wind profiler data; T1U: T1T + all aircraft data).
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Figure 38: 27 h forecasts valid at 15 UTC January 8, 2005. (T1F: all obsenatised; T1A: baseline run;
T1B: T1A + aircraft; TIW: T1A + wind from other radiosondes; T1T:A'+ wind and temperature data from
other radiosondes; T1D: T1A + data from all other radiosondes; TID& + E-AMDAR data; T1V: T1A +
wind profiler data; T1U: T1T + all aircraft data).
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Figure 39 : Analyses valid at 06 UTC January 12, 2005. T1B: T1A + aircraft; TIWA + wind from other
radiosondes; T1T: T1A + wind and temperature data from other radiesoi1D: T1A + data from all other
radiosondes; T1X: T1A + E-AMDAR data; T1V: T1A + wind profiler dafietU: T1T + all aircraft data). Mslp
contours for every 4 hPa.
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Figure 40 : 30 h forecasts valid at 06 UTC January 12, 2005. (T1F: all obiensused; T1A: baseline run;
T1B: T1A + aircraft; TIW: T1A + wind from other radiosondes; T1T:A'+ wind and temperature data from
other radiosondes; T1D: T1A + data from all other radiosondes; TIDA + E-AMDAR data; T1V: T1A +

wind profiler data; T1U: T1T + all aircraft data). Mslp contours forgvé hPa.
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Figure 41: 30h forecast differences against the T1F analysis valid at 06 UTiGada 12, 2005. (T1F: all
observations used; T1A: baseline run; T1B: T1A + aircraft; TIW: Fl#ind from other radiosondes; T1T:
T1A + wind and temperature data from other radiosondes; T1D: T1A +fdataall other radiosondes; T1X:
T1A + E-AMDAR data; T1V: T1A + wind profiler data; T1U: T1T + all airdtalata). Mslp contours for every
1hPa. Light grey areas for values betweehhPa and-10 hPa, dark grey areas for values betweelt hPa
and —20 hPa, light blue areas for values between 4 hPa and 10 hPa, and darkrbhs for values between
10 hPa and 20 hPa.
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Figure 42 : Initialised analyses differences between T1A and T1V (upper) atvdgee T1A and T1F (lower)

for 500 hPa geopotential height valid at 00 UTC January 11, 2005 afiéeeis centered close to Alaska. (T1F:
all observations used; T1A: baseline run; T1V: T1A + wind profiler Jataeopotential height contours for

every 2m. Light grey areas for values betweetb m and—8 m, dark grey areas for values betweeRt m
and—16 m, light blue areas for values between 8 m and 16 m, and dark blue areadues between 16 m and

36 m. The edge of the DMI-HIRLAM-T15 area is clearly seen in the lower iplthe lower left corner.
page 74 of 86

www.dmi.dk/dmi/sr06-07



Danish Meteorological Institute
d Scientific Report 06-07

10W =

=

rH(.?I pressure

m. win

|. pres:

m PR

| pressure
m. win

rEtf

’Eos

\L_,\\/

r&(?rln pvrv?r? ure r&osl Pressure
p T H

Figure 43 : Analyses valid at 00 UTC January 1, 2005 for a selected region drimetand. (T1F: all obser-
vations used; T1A: baseline run; T1B: T1A + aircraft; TIW: T1A + wimdrh other radiosondes; T1T: T1A +
wind and temperature data from other radiosondes; T1D: T1A + datadHoother radiosondes; T1X: T1A +
E-AMDAR data; T1V: T1A + wind profiler data; T1U: T1T + all aircraft . Mslp contours for every 4 hPa.
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Figure 44 : 36 h forecasts valid at 00 UTC January 1, 2005 for a selected regiomé Iceland. (T1F: all

observations used; T1A: baseline run; T1B: T1A + aircraft; TIW: Flind from other radiosondes; T1T:
T1A + wind and temperature data from other radiosondes; T1D: T1A +fdataall other radiosondes; T1X:
T1A + E-AMDAR data; T1V: T1A + wind profiler data; T1U: T1T + all airdtalata). Mslp contours for every

4 hPa.
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Figure 45: 48h forecasts valid at 00 UTC January 1, 2005 for a selected regiomé Iceland. (T1F: all

observations used; T1A: baseline run; T1B: T1A + aircraft; TIW: Flind from other radiosondes; T1T:
T1A + wind and temperature data from other radiosondes; T1D: T1A +fdataall other radiosondes; T1X:
T1A + E-AMDAR data; T1V: T1A + wind profiler data; T1U: T1T + all airdtalata). Mslp contours for every
4 hPa.
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Figure 46 : 36 h forecast differences against the T1F analysis valid at 00 UnQadgp 1, 2005 for a selected
region around Iceland. (T1F: all observations used; T1A: baselimelrlB: T1A + aircraft; TAW: T1A + wind
from other radiosondes; T1T: T1A + wind and temperature data front cdld@sondes; T1D: T1A + data from
all other radiosondes; T1X: T1A + E-AMDAR data; T1V: T1A + wind pitefidata; T1U: TA1T + all aircraft
data). Mslp contours for every 2hPa. Light grey areas for valuesdas —10 hPa and—20 hPa, dark grey

areas for values betweer20 hPa and-40 hPa, light blue areas for values between 10 hPa and 20 hPa, and dark

blue areas for values between 20 hPa and 40 hPa.
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Figure 47 . 48 h forecast differences against the T1F analysis valid at 00 UnQadgp 1, 2005 for a selected
region around Iceland. (T1F: all observations used; T1A: basalimelrlB: T1A + aircraft; TIW: T1A + wind

from other radiosondes; T1T: T1A + wind and temperature data front cdldésondes; T1D: T1A + data from

all other radiosondes; T1X: T1A + E-AMDAR data; T1V: T1A + wind pitefidata; T1U: TA1T + all aircraft
data). Mslp contours for every 2hPa. Light grey areas for valuesdas —10 hPa and—20 hPa, dark grey
areas for values betweer20 hPa and-40 hPa, light blue areas for values between 10 hPa and 20 hPa, and dark
blue areas for values between 20 hPa and 40 hPa.
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Figure 48 : Distribution of Meteosat-8 AMV wind speed innovations (differences lketmthe model first guess
wind speeds and observed wind speeds) for the control run (ThE)transformation/—2 In(f/ fmax) Mmake
a Gaussian distribution linear on each side of 0.
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Figure 49 : Distribution of radiosonde wind speed innovations (differences betweemodel first guess wind speeds and observed wind speeds)rittH)raraft
wind innovations (right) for the control run (T1F). The transformatign2 In(f/ fmax) Make a Gaussian distribution linear on each side of 0.
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Figure 50 : Daily bias- and rms-values (level 1c brightness temperature depariu® for NOAA15 AMSU-A channels 2-10 in the December 2004/Janf95
period for the T1A (baseline) run. Red values for uncorrected anelfolubias corrected values. Left is for data over open sea and rifiit tkata over sea ice.

Channels 4-10 are used over open sea and channels 6-10 areveissdaice.
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Figure 51 : Daily bias- and rms-values (level 1c brightness temperature depariu® for NOAA16 AMSU-A channels 2-10 in the December 2004/Janf95

period for the T1A (baseline) run. Red values for uncorrected anelfolubias corrected values. Left is for data over open sea and rifiit tkata over sea ice.

Channels 4-10 are used over open sea and channels 6-10 areveissdaice.
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Figure 52 : Daily bias- and rms-values (level 1c brightness temperature depariu® for NOAA15 AMSU-A channels 2-10 in the December 2004/Janf§5
period for the T1F (full observing system) run. Red values for urmbed and blue for bias corrected values. Left is for data over oeargkright is for data over

seaice. Channels 4-10 are used over open sea and channelseus@dover sea-ice.

T1F ice NOAA1S
20041212-20050115
bias/rms [K] of channels 2-5

T1F ice NOAA15
20041212-20050115
bias/rms [K] of channels 6-10

bias corr. —*—

bias corr. ——

g 1§D
wn
o
D
=
—=h
(@]
py)
D
©
S]
S
(@]
@
o
N

a1nsu| [e2160]0I08)19|\ ysiueq

. 3



L0-904S/IWUPAP WP MMM

08 10 Gg abed

T1F NOAA16 T1F NOAA16 T1F ice NOAA1L6 T1F ice NOAA16
20041212-20050115 20041212-20050115 20041212-20050115 20041212-20050115
bias/rms [K] of channels 2-5 bias/rms [K] of channels 6-10 bias/rms [K] of channels 2-5 bias/rms [K] of channels 6-10

7500 prrrr T T T IREERREE 0.5 prrrrr IRERERE T T T 2600 g T T T IRERREE; IREEREE 7
W‘W\M

7000 | number useghn stat. forichnl 8 —»_Ef 04 F = 2400 i

F  bias corr. —»— =

6500 F 2200
6000 F 2000

3 1800 &
5500 1600
5000 £ 1400 E

4500 E
4000 E
5 Frrre S SN SR AN 05

9 0.5 prrrrr Raman AR RaRanS; T
;**\/k+a\g;x1r*xﬂx;’4ﬂ\,«\4V,A\//Aﬂ/FK\//,*5 045 E chy s—— = 16
E bias cors,—*— 94 o04F T. = 14
?&,VW 0.35 E 12

1200 E
1000 E

BN W A

ch8 ——

E  bias corr. —*— E

-0.05

25 01

day day

Figure 53 : Daily bias- and rms-values (level 1c brightness temperature depariu® for NOAA16 AMSU-A channels 2-10 in the December 2004/Janf95
period for the T1F (full observing system) run. Red values for urmbed and blue for bias corrected values. Left is for data over oeargkright is for data over
seaice. Channels 4-10 are used over open sea and channelseus@dover sea-ice.
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