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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 is one of the centrekeo@&Es with a limited area
model (HIRLAM). The lateral boundaries for these OSEs are provierins made by ECMWF (one of the
centres to make OSEs with global models). Since the OSEs are to be made byrtlopénational HIRLAM
model at DMI it is quite computer intensive. The following runs have beenentgdDMI (two periods one
month each): 1) Baseline system (BL); 2) BL + all aircraft; 3) BL + nodAN wind; 4) BL + non-GUAN
temp and wind; 5) BL + wind-profiler; 6) as (4) + aircraft; 7i) as (4) + f/BWAN humidity; 8) as BL + all
in-situ data (full combined system); and 9) BL + E-AMDAR.

The results from the summer period run are presented in this report anddhérm to a large extent the
findings in the winter period. The main conclusions are that the radiosatdeace the most important data,
closely followed by the aircraft data; and that aircraft data and radaesalata are complementary and not
redundant data. Furthermore the results show that it is important to htéveviool and temperature data — wind
data alone give much poorer impact.

Resumeé

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

I modseetning til normalt, hvor man bruger det fulde saet af observationerudgangspunkt, 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 overfladebgjemidlibge laves test i en vinterperiode
(medio december 2004 til medio januar 2005) og i en sommermaned (au@igt 20dflydelsen af falgende
observationer i forhold til det ovennaevnte grundseet undersgf@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 @vrige raufider, 7) vind- og temperaturmalinger
fra EUCOS AMDAR (Aircraft Meteorological Data Relay), og 8) alle tidligezkskluderede in situ data (dvs.
det fulde observationssystem). Denne rapport indeholder resutiditersommerperioden og de giver i hgj
grad anledning til de samme konklusioner som fundet i vinterperiodewvagentligste konklusioner er, at ra-
diosondedata stadig er de vigtigste in situ data til brug i prognosemodelmaser skarp forfulgt af data fra
fly; og at data fra fly komplementerer radiosondedata og er saledesifuadante. Desuden viser resultaterne
at det er vigtigt med bade vind- og temperaturobservationer. Vindaditsamer alene er ikke tilstraekkeligt for
at f& en effektiv virkning.
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1 Introduction

Normally Observing System Experiments (OSEs) at DMI are made by eitligngad new data type to, or
denying a data type from, the very large set of other observations rsadwin operations (see, e.g. Amstrup,
2000; Amstrup and Mogensen, 2000; Amstrup, 2001; Amstrup and Mege2004; Amstrup, 2004; Vedel and
Huang, 2004; Guerrero and Amstrup, 2005. See also Vighals 2005). This large set of “basic” observations
makes it difficult to identify a (significant) impact in an OSE from a particularetgb observations and it
is becoming more difficult as the number of used observations is steadilyagicge That DMI operational
analyses are further improved by reanalyses twice (now four times), éndakgich 4D-Var ECMWE analyses
are blended (see next section) into the HIRLARhalysis, makes it even more difficult. The same is to some
extent the case for the European area for centres running gloleabfsimg models (see, e.g., Grahanal,
1998; Lacroixet al,, 1998; Gérard and Saunders, 1999; Deblonde, 1999; Ergflishy 2000; Tomassirét al,,
1999; Bouttier and Kelly, 2001; Bormarat al, 2003; Cardinalet al,, 2003; Kopkeret al,, 2003; Marécal and
Mahfouf, 2003; Isaksen and Janssen, 2004; Bormann and Th&@@4; Langland and Baker, 2004; Fourrié
et al, 2006; Healy and Thépaut, 2006; McNaly al,, 2006; Anderssomet al, 2006; Okamoto and Derber,
2006; Baueet al,, 2006a; Baueet al., 2006b).

In this study, initiated by EUCOSand EUMETSAT, the impact of different terrestrial (in situ) observing
systems is investigated by adding selected terrestrial datasets to the fiflsagtltite data used in operations

and a very limited basic set of terrestrial observations. In this reporethéts for a summer period from July

29 to August 31, 2005 are given. The results for a winter period (Dbee 13, 2004 to January 15, 2005) are
given in Amstrup, 2006a.

The forecasting and analysis system used in these OSEs is based oRtlAMHieference 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 namdsrutiee figures and tables in this
report.

The summer period experiments differ in a few ways from the experiments foatlee winter period. The
three most important ones are: 1) usage of data as in operations (BExcd@AA18 AMSU-A data), 2) usage

of the corresponding ECMWEF experiment for lateral boundary conditiand 3) use of the newer structure
functions made for DMI-HIRLAM-T15 that went into the operational DMIRLAM in November 2005. 1)
means that data from the operational short cut off runs have beleivedt@nd subsequently been used for these
experiments. Accordingly, the number of data used is the same as for tregiopal runs in August 2005; an
exception being NOAA18 AMSU-A data since they were not operationéleatime. NOAA18 data from local
receiving stations were available from August 8 and additional dataE&RS were available the last two days
of August.

The report is organized in the following way: Section 2 describes the sisegbfor these OSEs, section 3 give
the results obtained in terms of verification measures and other statisticspalhdthie conclusions are given
in section 4.

'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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Table 1: OSE description with experiment names and (internal) EUCOS number inlilmacmamed model.
See section 2.4 for further details and comments.
model | Description

1-T1A | Control/baseline run (with GUAN radiosondes)

2-T1B | as T1A plus addition of all aircraft data

3-T1W | as T1A plus addition of all wind data from non-GUAN radiosondes

4-T1T | as T1A plus addition of all wind and temperature data from non-GUAN radidss
5-T1V | as T1A plus addition of wind profiler data

6-T1U | as T1T plus addition of all aircraft data

7-T1D | as T1A plus addition of data from non-GUAN radiosondes

8-T1F | ‘all’ observations and use of similar ECMWF run for lateral boundaries
9-T1X | as T1A plus addition of E-AMDAR data

2 Experimental setup

The experimental set-up is based on the operational DMI-HIRLAM seatiupe summer 2005 (Yanet al,
2005b) with some updates to the 3D-Var system also applied operationav@mitber 2005. The model version
DMI-HIRLAM-T15 (T15) was run in all the experiments. The model vers®MI-HIRLAM-S05 and DMI-
HIRLAM-QO05 were not run in these experiments as it was considered moacfcomputationally) costly and,
furthermore, they do not make their own analysis.

2.1 Domain(s)

The operational DMI-HIRLAM model domains from late summer 2005 arevshia Figure 1. All domains are
defined on a rotated grid. The polar coordingtBg;, P.), the starting coordinates (southwest corner) in the
rotated coordinate system and model resolutions for the domains aremgiable 2.

2.2 Forecast model and lateral boundary files

The model grid is a rotated, regular lat.-lon. Arakawa C grid with 40 levels irathmsphere and the model
top at 10 hPa. The forecast system is based on HIRLAM referens®ue.2.3 (see Undést al, 2002, for a
more detailed description of the reference system) with a number of modifisafitre following options and
specifications apply to the system:

> 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 6th order horizontal diffusion.

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

www.dmi.dk/dmi/sr06-08 page 6 of 71
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Figure 1 : Operational DMI-HIRLAM areas from late August 2005. DMI-HIRIMAT15 (large area), DMI-
HIRLAM-QO05 (G05) and DMI-HIRLAM-S05 all have 40 vertical level§.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°.

> ISBA® surface scheme and surface analysis is used. However, upgrattesS6T- and ice-analysis have
been made. ECMWEF disseminated SST-data and ice-data are used maetbffic update sea surface
temperature and for diagnosing fraction of ice. This is of particular impogtaiose to coastal areas. In
addition SSTs from the Ocean & Sea Ice SAife used.

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

> Schedule: 3-hourly data assimilation cycles for T15. For S05 and GO&ufiyhupdates are made and
no reassimilation. Long forecasts for 00UTC, 06 UTC, 12UTC and 18 {arCr15, S05 and GO5.
DMI-HIRLAM-T15 is restarted via blending from ECMWF 3D-Var analy¢igere the ECMWF 4D-Var
analysis) (0.45resolution) twice a day before the long 00 UTC and 12 UTC runs (see &faalg 20054,
for further details on the blending scheme). Normal HIRLAM cycles thdloko(03UTC, 06 UTC,
09 UTC) in the morning for T15 to produce an ‘up-to-date’ status of the gih®. In the evening the
subsequent analyses are valid at 15UTC, 18 UTC and 21 UTC resggcliable 3 show the operational
schedule as of June 2005 for T15 and S05. As an example ‘TO6+5lotel@ T15 analysis valid at
06 UTC followed by a 5 h forecast.

> Adjustment of diagnostics for V10m, T2m and RH2m (see Geleyn, 1998aanmproved algorithm for
calculation of the reduction from surface pressure to msl pressudel¢Fsen, 2004).

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

SIntegrated Soil Biosphere Atmosphere
53atellite Application Facility
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Table 2: Model variables for DMI operational runs. The geographical dowates
(Pion, Piat) Of the rotated south pole and the coordinatesg,, 1, ¥1at,1) Of the south-
west corner in the rotated grid are given as well. See text for changbstm the
present setup.

Model Identification T15 S05 GO05
grid points (mlon) 610 496 550
grid points (mlat) 568 372 378

no. of vertical levels 40 40 40

horizontal resolution 0.13 0.05 0.05

hor. res. (assimilation)| 0.15 — —

(Pions Plat) (80°,0°) | (10°,—40°) | (50°,0°)
Tlon,1 —64.325° | —13.675° | —32.200°
Ylat,1 —37.527° —1.027° —8.000°
time step (dynamics) 360s 120s 120s
time step (physics) 360s 120s 120s
boundary age (in forec. 6h Oh Oh
boundary age (inass.) Oh-6h Oh Oh
host model ECMWF T15 T15

boundary frequency 1/(3h) 1/(1h) 1/(1h)

data assimilation cycle 3h 6h 6h
forecast length (long) 60 54 36
long forecasts per day 4 4 4

> Adaption of the analysis increment method for the high resolution models DRL-AM-Q05 and DMI-
HIRLAM-S05 using analyses from DMI-HIRLAM-T15.

The basic model applied in the present OSE study is DMI-HIRLAM-T15 withftirecast model version op-
erational June 2005. The resolution of the (disseminated) ECMWF ssteedfiglds used is 05 As listed in
Table 2, the horizontal resolution of DMI-HIRLAM-T15 &15°, 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 bouallsy
are updated every 3 hours from ECMWEF (the so called “frames” baiggjawith 0.45 horizontal resolution,
0O0UTC or 12 UTC forecasts. The lateral boundaries for the operafiditaruns are also 3 hourly 'frames’
(with 0.45 horizontal resolution) disseminated from ECMWF and are 6 h older tharotkedsts for the long
runs. However, in the present setup the ECMWF baseline runs do motdé&@6 UTC and 18 UTC forecasts,
and accordingly 12 h old lateral boundaries are used for the long 00asitic2 UTC runs in these tests. The
number of passive boundary points is 12. Long (48 hour) forecastsiade at the four major synoptic times
(00, 06, 12 and 18 UTC).

As mentioned, a reassimilation is made before the long 00 UTC and 12 UTCTraissSs 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 system is expecteatiiacp somewhat better ‘large
scale’ analyses, since they use much more (in particular satellite) obsesvtitam are used at DMI, and due

www.dmi.dk/dmi/sr06-08 page 8 of 71
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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 ddttS8A.

The 3D-Var analysis (for DMI-HIRLAM-T15) begins ca. 5-7 min later. H denotes
restart from ECMWF analysis.

uTC T S
1:37 TO0+60h
2:29 S00+54 h
ECMWF 00UTC
7:37 T06+60h
8:29 S06+54 h
ECMWF 06 UTC
T_E00+05h
11:45 TO03+05h
T06+05h
T09+05h
S00+03 h
12:43 S03+03h
S06+03h
S09+03h

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

19:37 | T18+60h

20:29 S18+54 h
ECMWF 18UTC
T _E12+05h
23:50 | T15+05h
T18+05h
T21+05h
S12+03h
S15+03h
24:48 S18+03h
S21+03h

also to their use of 4D-Var within a global forecasting system. Therefonew analysis is made, and based on
this analysis and large scale blending of the ECMWF analysis a shora&irscmade. Subsequently, further
analyses and short forecasts are made to make up-to-date first glass$ofi the following long forecast run at
12UTC or OOUTC.

2.3 3D-Var and observation types used

The analysis version used here is the HIRLAM 3D-Var 6.3.6 MPI versiodifieal to use RTTOV8developed
in the Numerical Weather Prediction SAproject setup by EUMETSAT (see Schybeitgal, 2003, for further
details on the use of ATOVS data in the HIRLAM 3D-Var system). The olagemw window covers a 6 h span
around the analysis times 06 UTC and 18 UTC before the long forecagtagfanm these. For the other runs
the observation window covers a 3 h span around the analysis time (05,0®, 12, 15, 18, 21 UTC).

The background error statistics are based on non-separable srfighations estimated using “the NMC
method” (See Berre, 2000; Gustafssiral, 2001 and references therein for further details) from differences

"Radiative Transfer model for TOVS, release 8
83atellite Application Facility
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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, NOAAL
and NOAA18 AMSU-A. Values?) are in kelvin squared.

Channel #:| 1-3 4 5 6 7 8 9 10
openseal] 900 1.40 0.35 [0.35]0.35]/0.35]/0.70| 1.40
seaice: 9x 105 | 9x10% | 9x10% | 1.40| 0.35| 0.35| 0.70| 1.40

betweert-12 h and+36 h forecasts, valid at the same time, from the operational DMI-HIRLAM-fidtBcast.
They were implemented operationally in November 2005 and also used in tresees runs. For the win-
ter runs an old set based on rather old data were used. It is also beasgigated how the relation between
background errors and observation errors can be tuned (sesdugé@gat al, 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 pressurdBUD(surface pressure), PILOT (wind at all
levels), TEMP (wind, temperature and humidity at all levels), AIREP (wirditemperature; includes AMDAR

and ACARS?), NOAA15 and NOAA16 AMSU-A brightness temperature data from cledsih-10 (effectively
only channels 4-10 over open sea and channels 6-10 over seadderladed (from local receiving stations
and via EAR$Y), Meteosat-8 AMV*2 winds and QuikScat winds (near surface wind data from the SeaWinds
scatterometer; see Portabella and Stoffelen, 2004, and referenpoaig)thdhe AMSU-A data are thinned to
0.9 for NOAA15 and NOAA16 (and for NOAA18 data in the setup used heata deparately.

The Meteosat-8 AMV data are used over open sea and over land s@tH\bfFurthermore, the distributed data
includes two quality indices. Based on these two quality indices the data artetejthe indices are below 20
or 30, respectively. The observation error standard deviationsiusee analyses are given in Table 4. The first
guess check of Meteosat-8 AMV data and other single level wind data isdreed and includes an “asymmetry
check” (see Guerrero and Amstrup, 2005). In the present setilplaleaNOAA18 data have been used as well.

For bias-correction of AMSU-A brightness temperatures a Harris-Keélbriis and Kelly, 2001) scheme with
7 predictors from the background model (model first guess) is udeel initial examination that was done for
NOAAL6 data (Schybergt al,, 2003) showed that the scatter of the difference between obserdedadeled
brightness temperature varied significantly with latitude. It was therefaiged 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 3 h T15 forecast ddiesaguess files. The bias correction coef-
ficients are calculated independently for data over sea ice and for datampen sea. See also Amstrup, 2006b,
for a study of the predictors used in DMI-HIRLAM and the differenceythreake.

SAircraft Meteorological Data Relay

OAircraft Communication Addressing and Reporting System
HEUMETSAT ATOVS/Advanced Retransmission Service
2Atmospheric Motion Vectors
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At present a diagonal observation error covariance matrix is useliMi@U-A data. Based on the experience
from the initial tests with RTTOV8 (Amstrup, 2005) the observation errocf@annel 4 data over open sea has
been reduced compared to when using RTTOV7, so that these chadtettel Have more weight than previously.
The values for NOAA15, NOAA16 and NOAA18 are listed in Table 5. Soméhefchannels that ‘see’ the
surface are given a large observation error so that they are effigatiot used, that is in particular true for data
over sea ice. Since the model surface temperature over sea ice carcalifééderable from the real surface
temperature and due to uncertainties in the emissivity over sea ice, an eggaisg is done for these data. The
data are discarded if the difference between the modelled and obseiylthéss temperatures for channels 4
and 5 disagree by more than 1.0K and 0.8 K, respectively.

The FGAT (First-Guess at the Appropriate Time) option is used (see Hetaalg 2002, for further details).

The DMI summer baseline run consists of the following satellite data: i) NOAAIKBAAL6 and NOAA18
AMSU-A data over open sea and over sea ice, ii) QuikScat surfaceswiimdMeteosat-8 AMV winds. In
addition to the satellite data, the baseline setup consists of the following comadntimta: i) the GUANS
radiosonde network, ii) the GSRisurface network and iii) buoy data. See Appendix A in Amstrup, 2008a, fo
a list of the WMO? station identification numbers in the GUAN and GSN networks.

An example (the cycle with most baseline radiosonde stations included) ob#eeage of the baseline ra-
diosonde data and surface data is shown in Figure 2. The distributio® fdF G as shown here is reasonable
except for a rather low number of radiosonde data in the Atlantic. The distagtween stations are also much
higher than in a normal 00 UTC analysis. The figure also shows the ditferbetween the similar data set
shown in Amstrup, 2006a. In average the 12 UTC runs in the summer pexibdata from a little more than 2
additional GUAN radiosonde stations available compared to the 12 UTC rdins winter period (40.0 stations
versus 37.9 stations). For the 00 UTC analyses the summer and winter pergtiad in average data from
almost the same number of GUAN radiosonde stations (39.64 stations vé&gddssgations). Similarly, the
distribution of surface pressure data in the baseline setup via buoysyam@Fs are shown in the lower part
of the figure. Figure 3 shows the available data for the T1F experimdhblfserving system) and includes
PILOTs and ship data as well for the same analysis time. Note that PILOTsms&ered redundant if a TEMP
is available from the same station position. For this analysis, T1F had dat2@émore radiosonde stations
than the baseline experiment. The figure also demonstrate the number gbratBcstations from which DMI
received data after the short cut off analysis run for this specifiecyor this specific cycle it was 42 (17 %)
out of 250 active stations. Beside data from these stations, additiondtaiet@ number of the other stations
were received after the short cut off time.

2.4 Short description and comments on different experiments

T1A Baseline run. This includes a fairly small amount of radiosonde and SYtid (an example of the
data coverage is shown in Figure 2), and in addition buoy data are incdladadchor’ the satellite data
(studies at ECMWF have shown that AMSU-A data in their data assimilationmsydgtenot perform
well in the absence of sea surface pressure data (Jean-Noéluthiépa presentation at the “Alpbach
workshop”,htt p: // www. wro. i nt / web/ www/ GOS/ Al pbach2004/ Agenda- i ndex. ht m)).
No aircraft data, no ship data, and no PILOT data are included.

T1B Baseline and all aircraft (AMDAR, ACARS and standard AIREP) datéuihed.

T1X Baseline and E-AMDAR data included (AMDAR observations with station idis@with ‘EU’).

13GCOS (Global Climate Observing System) Upper-Air Network
14GCOs Surface Network
5World Meteorological Organization
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total tenp : 43
active tenp : 43
rejected tenp : 0
redundant tenp : 0
nodat a tenp : 0
total pilot : 42
active pilot : 0
rejected pilot : 0
redundant pil 0( H 0
nodat a pilot : 0
total w ndpr of H 0
active w ndprof : 0
rej ect wi ndprof : 0
redund wi ndprof : 0
nodata w ndprof : 0
Sun 7 Aug 2005 00Z +00h
valid Sun 7 Aug 2005 00Z
total synop : 419
active synop : 303
rejected synop : 0
redundant synop : 0
nodat a synop : 116
total ship : 762
active ship : 0
rejected ship : 0
redundant ship : 0
nodat a ship : 0
total dribu : 687
active dribu : 156
rejected dribu : 0
redundant dribu : 522
nodat a dribu : 9
Ay

un 7 Aug 2005 OOZ +00h
valid Sun 7 Aug 2005 00Z acmaT1A05080700

Figure 2 : An example of the coverage of the baseline radiosondes (uppefl’'s@@hd surface (lower, green
'S’s for SYNOP, 'D’s for buoys) data available for the long cut offiran 00 UTC August 7, 2005. The ra-
diosonde stations are GUAN stations and the SYNOP stations are GSN stdttong. green circled’s are
new compared to the plot from 12 UTC December 18, 2004 shown in Amst0dBa, and the blue circled
was available then, but not now. The 6 black circléslwere not available for the short cut off analysis.
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total tenp : 251
active tenp : 250
rej ected tenp : 0
redundant tenp : 1
nodat a tenp : 0
total pilot : 42
active pilot : 10
rejected pilot : 0
redundant pilot : 30
nodat a pilot : 2
X Sun 7 Aug 2005 00Z +00h
valid Sun 7 Aug 2005 00Z acmaT1F05080700
total synop : 5912

active synop : 2756
rejected synop : 0
redundant synop : 0
nodat a synop : 3156

total ship : 762
active ship : 372
rej ected ship : 3
redundant ship : 387
nodat a ship : 0
total dribu : 687
active dribu : 156
rejected dribu :

redundant dribu : 522
nodat a dribu : 9

~Sun 7 Aug 2005 00Z +00h
valid Sun 7 Aug 2005 00Z acmT1F05080700

Figure 3: An example of the coverage of the radiosondes (upper, red 'T&PahOTs (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 for the long cut off run on 00 UTC August 7, 2005. T2¢ dack circledT’s were not available
for the short cut off run.
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T1W Baseline and wind from the non-GUAN radiosondes added.

T1T Baseline and wind and temperature from the non-GUAN radiosonde added

T1D Baseline and all data (wind, temperature, humidity) from the non-GUAN sadides added.

T1U Baseline and wind and temperature from the non-GUAN radiosonde amdit aircraft are added.

T1V Baseline and wind profiler data extracted from the ECMWF mars architie. ECMWF white list has
been used to specify which wind profilers are used. These data ausewoperationally at DMI and,
accordingly, they have been used with the analysis system as is. Some gdtenséore not have been
used as they were supposed to be and some may not have been usedeat dlthey were supposed to.
In this experiment data from 13 stations have been used. Wind profileadat#ot included in the real
time DMI bufr-database and have therefore not been monitored at alMafdd a long time.

T1F The control run including all observations.

Figures 4-7 show the number of observation reports used in the main ¢shaff) analyses and the reassim-
ilation analyses at 00UTC, 06 UTC, 12UTC and 18 UTC for the baselinerexpnt (T1A) and the control
(T1F, ‘all observations included’) experiment. With respect to airatatt, the number of reports used for the
‘E-AMDAR’ (T1X) experiment are shown as well. Note the relative few 8M-A data for the 00 UTC analyses
and in particular for the short cut off analyses — sometimes even noreeawvaiiable. It should also be noted
that normally data from quite a few radiosonde stations arrive at DMI feeshort cut off analyses at 00 UTC
and 12 UTC. An example of this is illustrated in Figure 3.

3 Results

The results are compared in different ways. A standard observatiticagon, where forecast results are com-
pared to standard SYNOP and radiosonde observations using an EW&istation list is done, and the results
are shown and commented upon in section 3.1. Furthermore, significatebyase of students t-test, with
90 % two sided significance interval, are shown (Mike Fisher, memorand@iviViZ research department, May
2001). Results of forecasted 12 h precipitation amounts against otisesvitom SYNOP stations at 06 UTC
and 18 UTC are given in terms of standard contingency tables and adxegjthiteeat scores in section 3.2. Some
results from field verification, where forecasts are compared to theotemtreriment (T1F) verifying analyses,
are given in section 3.3. Section 3.4 has some case studies. Finally, in s:6titwe statistics of wind speed
data observations from Meteosat-8 AMV, aircrafts and radiosondeekhas temperature data from radiosondes
and aircrafts, are compared with similar model data.

3.1 Observation verification

The experiments are verified by calculation of bias (forecast value mimeesneed value) and root mean square
(rms) for the surface variables 10 m wind speed, mslp (mean sea legsupeg¢ and 2 m temperature; for the
upper level variables temperature, wind speed and geopotential hegfa hPa, 500 hPa and 250 hPa; and for
relative humidity at 850 hPa, 700 hPa and 500 hPa as function of fotenggh in one type of figures (Figures 8-
12). In a second type of figures (Figures 13-21), the vertical streictitemperature and geopotential height
offsets is illustrated by plotting the rms scores for a test experiment on thealedt side and differences in rms
scores between the experiment and the baseline experiment on the ridlsiti@. Also some inter comparisons
between experiments are made. The scores are shown at analysis tinwr #mel 12, 24, 36 and 48 hour
forecasts as a function of pressure. Figure 22 shows bias and rmes oo the full combined system to

18 European Working Group on Limited Area Model
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00UTC short cut off observations 12UTC short cut off observations
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Figure 4 : Observation usage for 00 UTC analyses (left) and 12 UTC analyigs) (with short cut off (before
the long forecast runs). Note that PILOT and SHIP data are used irlfh@xperiment only.
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O0UTC long cut off observations 12UTC long cut off observations
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Figure 5 : Observation usage for 00 UTC analyses (left) and 12 UTC analyigés) (with long cut off (used in
the reassimilation cycles). Note that PILOT and SHIP data are used in thexp&Fiment only.
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06UTC short cut off observations
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Figure 6 : Observation usage for 06 UTC analyses (left) and 18 UTC analyiggs) (with short cut off (before
the long forecast runs). Note that PILOT and SHIP data are used irlfh@xperiment only.
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Figure 7 : Observation usage for 06 UTC analyses (left) and 18 UTC analyiggd) (with short cut off (used
in the reassimilation cycles). Note that PILOT and SHIP data are used in Ehexpkriment only.

www.dmi.dk/dmi/sr06-08 page 18 of 71



Danish Meteorological Institute
i Scientific Report 06-08

illustrate the general trends of the bias behavior. Figures 23-28 shewaelfication based on daily scores of
00UTC and 12 UTC forecasts for the variables: Mslp, 300 hPa temperatd wind, 850 hPa temperature,
700 hPa relative humidity and 500 hPa geopotential height. Furthermeudtsréor mslp based on daily scores
of 06 UTC and 18 UTC forecasts are shown in Figure 29. Overlayed @(B& two sided confidence intervals.
These plots are additional to the previous and made to see the significatheedifferences for some of the

parameters; they are the ones referred to when comments about sigeifafdhe 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 tlysesyand 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 8 shows the verification scores for impact of wind and temperature E-AMDAR (T1X), all aircraft
(T1B) and the additional radiosondes (T1T). Figures 13, 14 and dbdw additional profile information. For
short forecast lead times, it is expected that the impact from E-AMDAR dateitne scores for T1B since the
large majority of EWGLAM stations are located in the area for which most of tA&/lBDAR data are measured
and most of the other aircraft data comes from areas somewhat awaytifeoEWGLAM stations. For long
forecast lead times, the ACARS coming mainly from over USA is expected te aavmportant impact, in
particular for a relative large limited area model such as T15, that covargeapart of USA. Depending on the
weather situation, the air masses for which E-AMDAR have contributed tgem ginalysis may have moved
outside the main verification area during a forecast. Contrary to this, the agem&or which ACARS (over
North America) have contributed to a given analysis may have moved into thevardination area over Europe
during a forecast. Therefore, the impact from all aircraft data is@rpldo be somewhat larger than the impact
from E-AMDAR data alone.

In general, T1T and T1B have the better scores while T1X has scoresvireén those and the scores of the
baseline experiment. For reasons mentioned above, T1T naturally hawlsanietter analyses temperature
scores than T1B and T1X. The upper air wind, temperature and getipbsaores are in general significantly
better than the baseline experiment scores, at least up to 36 h forexh8trie. The inter comparison between
T1B and T1X shows that the 300 hPa wind and temperature scores aifecaigly better for T1B, and that
the OO0 UTC/12 UTC mslp scores for long forecast lead times are better Br Hidwever, the significance
plots show that there are large day to day fluctuations in some of the scord8 fi forecasts. The inter
comparison between T1T and T1B show that aircraft data have almogf as bmpact as the additional wind
and temperature data from radiosondes. The impacts on 850 hPa tengaradus00 hPa geopotential are
consistently higher from the radiosonde data than from the aircraft Hatdf is not significant. T1B has
significantly better scores than T1X for the shown 300 hPa temperatiGésarzd 48 h 300 hPa wind speed,
12 h 850 hPa temperature, relative humidity and also for 12h to 24 h mslp. &imcaft data in principle
are available at any time, and only very few radiosonde data are avaitaldedlyses except for the 00 UTC
and 12 UTC analyses, some additional significance plots based on 06iTTBAJTC forecasts are shown in
Figure 30 for T1T, T1B and T1X in addition to the mslp plots in Figure 29. Théigations are done against
00UTC and 12 UTC radiosonde data and therefore results are showefiorecast lengths 6 h, 18 h, 30 h and
42 h. Figure 29 shows that T1B has better mslp scores than T1X, but @mlg ef them (6 h, 18 h, 24 h and
48 h) are significantly better. The differences in mslp scores for T1TTamlare generally small, but for 6 h
and 18 h forecasts T1T has significantly better scores than T1B. Codnjmatiee mslp scores for the baseline
experiment (T1A), T1X and T1B have significantly better scores foedast lengths up to 24h and T1T has
significantly better scores for 42 h and 48 h forecasts as well. Figure@®@ssthat for 850 hPa temperature the
differences in scores for T1T, T1B and T1X are small and not sigmificBl T has significantly better 500 hPa
geopotential scores than T1X for 6 h and 42 h forecasts, and othdiveiskfferences in 500 hPa geopotential
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scores between T1T, T1B and T1X are insignificant. For the 300 hPa spiedd scores the only significant
difference scores are: T1B is better than T1T and T1T is better than & forecasts, and T1B is better
than T1X for 42 h forecasts. For 300 hPa temperature T1B has sigtlfideiter scores than T1T for 6 h and
18 h forecasts, and significantly better scores than T1X for all fotémagths except for 18 h.

Figure 9 shows the verification scores for impact of additional non-GU#dibsonde data information: Addi-
tional wind data (T1W), additional wind and temperature data (T1T), ardh#dl (T1D). Figures 16, 17 and 18
show additional profile information. In general T1D and T1T have the bettes, and T1W scores in between
those and the scores from the baseline experiment. In general theaupperd, temperature and geopotential
scores, as well as the short lead forecast time 00 UTC/12 UTC mslp sewoeesignificantly better than the
baseline experiment scores for T1T and T1D. T1W has typically signtfichatter scores than the comparable
baseline experiment scores for short forecast lead times. The diffesdetween T1T and T1D scores are in
general insignificant. Overall T1T has significantly better upper air wismhperature and geopotential scores
than the corresponding T1W scores. So, the additional temperatureadatavel a significant positive impact
compared to just adding the wind observations.

Figure 10 shows the verification scores for impact of wind and temper&ture additional non-GUAN ra-
diosondes (T1T), further adding wind and temperature from aircettt T1U), and for the full observing
system (T1F). Figures 19, 20 and 21 show additional profile informaliogeneral T1F has better scores than
T1U that has somewhat better scores than T1T. The baseline (T1A)éastht scores. For most variables
the differences are significant between T1U and T1T for forecadttiezes up to and including 24 h. T1F
has significantly better mslp and relative humidity at 700 hPa scores up to@uading 24 h, as well as better
500 hPa geopotential height scores for 24 h and 26 h forecast leadtiare$1U. For the other parameters and
forecast lead times the differences in T1F and T1U scores are not cignifi

Finally, Figures 11 and 31 show that the impact from the few wind profilea dee insignificant. This may to
some extent be due to the rather few stations (13) from which data are Aidayer number may be needed
to see a general impact. However, impact(s) may be seen in some case studddition, wind profiler data
are normally not used operationally in any country using the HIRLAM datdyais and forecasting system.
Therefore, no attempt to optimize the usage of these data have been madthsinciginal implementation.
This should of course be done to optimize use of the data, in particular iffaata could be used in connection
to using 4D-Var analyses. However, as the impact from wind data onty fihe non-GUAN radiosondes show,
the impact from wind data alone is somewhat smaller than when temperature a\zddable as well.

3.2 Precipitation verification

Precipitation is verified by two means, by producing contingency tables warwlbulating equitable threat
scores, both for 12 h forecast periods.

Tables 7 to 12 show contingency tables of precipitation accumulated oveut& tirom 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. Theeansrrtbthese tables are obtained
by counting the number of observed and predicted precipitation amountlinoédive classes. The five
precipitation classes are (precipitation amounts in mif):< 0.2,0.2 < P2 < 1.0,1.0 < P3 < 5,5 < P4 <

10 andP5 > 10. P is either F (forecast) or O (observation) in the tables. The “sum” rowsahonns are the
sums of the numbers in the given observation classes or forecastsglessmectively. 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 staridard number used (this
occasionally do happen for some Danish stations). The results baseis dinth of comparisons are very
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mixed and it is not possible to make any solid conclusions. Two noteworthitsese: 1) for the Danish station
list the baseline experiment has the poorest results for the short rahgE3(h lead forecast time); 2) for the
short forecast range (6 h-18 h lead forecast time) the experimentslimglaircraft data (T1B, T1X, T1U and
T1F) have the best overall scores in terms of highest numbers in thendiago

The equitable threat score (ETS) measures the fraction of obserdéar dorecast events that were correctly
predicted, adjusted for hits associated with random change (seété.p: / / wwww. bom gov. au/ bnr ¢/
wef or/staff/eee/verif/verif_web_page. ht ml ). Interms if the definitions in the following table

observed

no event| event

forecastnoevent A B

forecast event C D

we have ETS=(B-chance)/(B+C+B-chance) with chance=(C+D)*(B+D)/(A+B+C+D). This is sometimes writ-
ten as: ETS=(Rchance)/(F-chance), where R is the total number of events obseamddorecasted, T is total
number of events observen forecasted, and chance is given by chance=F*O/N where F is nunli@ree
casted events, O the number of observed events and N is the total nunevents plus non-events. The ETS
score is between1/3 and 1, 1 being the perfect score and 0 indicating no skill.

Tables 13 and 14 show the results by use of a Danish station list and an BEM/Glation list, respectively.
Results for 6-18 h, 18-30 h and for 30-42 h are given for limits of vewypoecipitation amounts (0.3 mm/12 h),
low precipitation amounts (1.5 mm/12 h) and for larger precipitation amounts (5 mm/12 h

Both of these comparisons indicate a deficiency of the present humiditysésalihe model seems to act in a
negative manner to the humidity increments which may be in imbalance with the diedctsl

The results for the Danish station list are very mixed. Part of this may be dhe telative small area and small
statistical size compared to the full area and a single bad case may havivelyelarger impact on the result.

For the EWGLAM stations, for which the statistics are based on much highebens, we can note the fol-
lowing: 1) The difference between the better and worse scores f80h8forecasts correspond at large to the
differences between 6-18 h and 18-30 h forecasts for a giverriengr@. Similarly the difference between the
better and worse scores for 30-42 h forecasts correspond atdattggedifferences between 18-30 h and 30-42 h
forecasts for a given experiment. Thus the difference between treevaod better scores correspond to a gain
of 12 h in forecast range. 2) T1U has better scores than T1T exaweftl8 h forecast range for ETS3. 3) T1B
has (mostly marginally) better scores than T1T except for 6-18 h faremage for ETS3. 4) T1U has (mostly
marginally) better scores than T1B. 5) T1F has better scores than TEptefor 18-30 h forecast range for
ETS1 where they have the same score. 6) Overall T1F and T1U havettee $cores, and T1A and T1V the
worse scores.

3.3 Field verification

Results from a field verification for which forecasts are compared topegifinalyses 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 4 al@tabts over the period studied here.
The averages given are averages over grid points for the full areelhas for grid points in a European area
defined by the southwest corner 12/35°N and northeast corner 35,75 N which is an area often used by
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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. fiflgengeanalyses

are T1F initialised analyses. The worse scores are marked in a boldnted he best scores are given with a bold, black font. The FCL colunmcates the forecast

length.
T1A TV TiW TiT TiD 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 | -0.13| 164 | -0.11| 164 | —-0.24| 158| -0.10| 1.52| -0.11| 1.52| -0.13| 162 —-0.11|156| —-0.08 | 1.48| —-015| 144
mslp 48 | -015|199| -0.12| 199 | -0.14| 191| -009 | 1.85| -0.11|185| -015| 196 | —-0.11|1.90| -0.08 | 1.81| —-0.16 | 176
H500 36 3.1]| 158 3.3 ] 159 271151 271 145 291145 28| 154 3.0| 15.0 29| 141 2.7 | 137
H500 48 3.7| 20.0 3.9 201 3.3] 191 3.5 18.7 3.7 18.6 3.4 19.6 3.8| 19.2 3.6| 181 34| 176
T850 36 0.18 | 1.37 0.17| 1.37 0.15| 1.33 0.11| 1.28 0.11| 1.27 0.16| 1.35 0.17 | 1.32 0.12| 1.25 0.11| 122
T850 48 0.18 | 1.54 0.18| 1.53 0.15| 1.50 0.12| 1.46 0.12| 1.45 0.16| 1.52 0.17 | 1.50 0.12| 1.43 0.12| 141
T500 36 0.19| 1.15 0.19| 1.15 0.17| 1.10 0.20| 1.07 0.22| 1.07 0.19| 1.13 0.17 | 1.09 0.18 | 1.03 0.23| 1.03
T500 48 0.25| 1.35 0.24| 1.35 0.23| 1.32 0.24| 1.28 0.27| 1.28 0.25| 1.34 0.23| 1.30 0.23| 1.25 0.29| 124
T300 36 | -009| 121 | -0.09| 121 | -009 | 21.17| -011 | 1.24| -0.09| 1.12| —0.06| 1.19| -0.01 | 1.15| —-0.04| 1.10 0.03| 1.08
T300 48 | -0.07| 139 | -0.07| 138 | —0.08 | 1.35| —0.09 | 1.33| —0.08| 1.32| —0.05| 1.38 | —0.00 | 1.34| —0.04| 1.30 0.05| 128
RH850 | 36 -11|16.2| —-11|16.2| —-1.0| 158 -0.8|156| —-0.6]| 155| —-1.1] 16.2 —-1.1| 158 —-09 | 154 —-0.6 | 15.0
RH850 | 48 -10| 175 -10| 174| -09 | 17.2 -08|170| -0.6|169| —-1.0| 175 -1.0| 17.1 —-0.8| 16.9 —-0.6| 16.5
Average over European area (lon,lgt):12.5,35) — (35, 75)
mslp 36 | -044| 176 | -040| 178 | —0.40| 1.66| —028 | 1.55| —0.34| 1.58| -045| 169| -0.39|164| —-029 | 150 | —-0.43| 149
mslp 48 | —0.50| 224 | —0.45| 225 | -0.45| 2.10| —-031 | 2.00| —0.37| 2.04| —053 | 2.14| —-0.45| 2.11| —-0.33| 1.96| —0.49| 191
H500 36 0.5 18.3 0.9 186 06171 1.2 | 16.2 15| 16.3 0.1]17.3 0.9 16.9 13| 154 15| 151
H500 48 1.0 | 235 15| 237 11| 221 211213 241215 04| 224 15| 222 21| 20.6 21| 200
T850 36 015 | 144 0.16 | 1.45 0.11| 1.38 0.04 | 1.32 0.05| 1.31 0.14 | 1.40 0.14 | 1.38 0.04 | 1.28 0.09| 125
T850 48 0.14 | 1.64 015 | 1.64 0.11| 1.58 005 | 1.54 0.06 | 1.53 0.12| 1.60 0.12| 1.58 0.05 | 1.49 0.10| 148
T500 36 0.15 | 1.27 0.15 | 1.28 0.16 | 1.22 0.21| 1.16 0.27| 1.18 0.16 | 1.23 0.18 | 1.21 0.23| 114 0.30 | 112
T500 48 0.23 | 1.52 023 | 151 0.23 | 1.46 0.28| 1.41 0.34| 1.43 0.24 | 1.48 0.25| 1.44 0.30| 1.38 0.37 | 136
T300 36 | -018 | 133| -018 | 134 | -0.17 | 128 -0.16 | 1.23| -0.11| 1.22| -0.12| 1.28| -0.09| 1.27| -0.11| 120 | —-004 | 1.19
T300 48 | -016 | 153 | -016 | 154 | —-015| 1.49| -015| 144| -0.11| 146 | —-0.11| 1.49| —-0.07| 1.48| —-0.09| 143 | —-0.02 | 142
RH850 | 36 -1.8|168| -18|168| -16|164| -13|16.1| -08|159| -18|166| -1.7|16.3| -1.3| 157| -0.9| 153
RH850 | 48 -18|182| —-1.8|181| -—-16/| 179 -14| 177 —-11|176| —-19)| 18.0 -1.8| 17.8 -14| 174 —-1.11| 17.0
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ECMWEF. The results support the findings in obs-verification in the seasd flA (baseline) and T1V (baseline
plus wind profilers) have the worse scores for most parameters anithé¢htadl system (T1F) has the superior
rms-scores. T1U (baseline plus wind and temperature from other radiesas well as aircrafts) typically has
the second best rms-scores. It should be noted that T1F may have adusaitage since this verification use
the T1F analyses, but it is believed to be only marginal.

3.4 Case studies

August 2005 had a number of episodes where some part or most of Behad a substantial amount of
precipitation. Here we focus on one case where all parts of Denmanireaipitation within 24 h. Furthermore
a case with a low north west of Scotland is studied. Here we focus on OOALKOst 24, 2005 and 48 h
forecasts valid at this time. Similar plots of 36 h forecasts show much smallerediffes between the different
experiments and are therefore not shown here.

Figures 32 and 33 show analyses and 48 h forecasts, respectivablpcand 10 m wind valid at 00 UTC August
24. Figure 34 shows differences of the 48 h mslp forecasts againsitharfalysis valid at this time. The mslp
pressure of the center low in the analyses and in the 48 h forecastsandrgthe following table:

experiment TIA TV Tiw TiT TiD TiX T1B T1U TIF
Analysis (hPa) 970.0 969.6 969.2 970.3 971.1 9694 969.7 971.7 970.8
48 h forecasts (hPa)959.2 9595 961.4 964.9 964.8 958.8 961.4 965.9 970.3

There are some differences in the analyses both in the center low gresglialso in the shapes. There is a
buoy pressure measurement very close to the center showing 971 8ih&ano other pressure measurements
are available anywhere close to the center, the minimum value is expectedailpelbse to this observed
value.

For the 48 h forecasts the full system do very well and is somewhat bedtethlk second best mslp forecast.
Both the center low pressure and the position of it are good. For all aihesdsts the center low pressure is too
low. The experiments including radiosonde wind and temperature (T1T,antDr1U) are a little better than
the others in this respect but not as good as the full system. The positiba lmw is also too westerly in all
forecasts but only a little in the forecast from the full system. In this rdspét) seems to be second best.

Figures 35 and 36 show forecasted 12 h accumulated precipitation (6 htodasts) valid at 18 UTC August
5, 2005, and forecasted 12 h accumulated precipitation (18 h to 30 lagts¢valid at 06 UTC August 6, 2005,
respectively. Corresponding observations from SYNOP stationsrandthe Danish SVK (Spildevandskomi-
teen, see e.g. Nielsen and Cappelen, 2006 (in Danish)) net are sh&iguies 37 and 38. The observations
show large variations in the amounts of precipitation over the area, in partfoule values valid at 18 UTC
August 5, 2005. The differences in the forecasted accumulated pagicip and the position(s) of the largest
precipitation amounts varies considerable between the experiments for bodthtto 18 h forecasts and the
18h to 30 h forecasts. However, none of the experiments stand outregsgagticularly good. For the 6 h-
18 h forecasts most experiments indicate higher than average amoungsipftption in the most southern part
of Jutland/northernmost part of Germany. This is in agreement with the\@ligems even though they have
somewhat higher values than forecasted. (31 mm/12 h and 25 mm/12 h abse@lécksburg and Skrydstrup,
respectively). For this region, T1A (baseline) and T1V (baseline plod wrofiler) are poorest, and T1X (base-
line plus E-AMDAR) is the only experiment showing larger than 16 mm/12 h fwtel values, but closer to
the Helgoland observation of 24 mm/12 h than to Glicksburg.

None of the 18 h-30 h forecasts are good. Some of them do, howéwesv, &stendency of large precipitation
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close to Bornholm. T1X (baseline plus E-AMDAR) do show a band of laggecipitation amounts from
Lolland via eastern Zealand and into the south western part of Swedemneianagnt with observations, even
though there is no forecast values close to the observed 31 mm/12 h in Torup

This case study do show the general trend that it is very hard to ge¢ciiver precipitation forecasted correct
and that small differences in the analyses can trigger the convectivipipagon in quite different manners.

3.5 Comparisons of wind speed and temperature observations with first guess fields

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 statistics acdisdecorrectly. Recently, a study (Navascués
et al,, 2006) based on the method of Desrozietrsl,, 2005, was initiated within the HIRLAM community in
order to tune these errors, since they are known not to be optimal. One asshhmptions that are made, is that
the observations are bias-free and that the error distributions of botratikground and the observations are
Gaussian. Figures 39 and 40 show the statistics of wind speed data friendde8, aircraft and radiosondes
compared with the first guess fields (from the control experiment, T1Rpiigted to the observation points.
The statistics are shown for three vertical ‘layers’. The observatidata are the data used in the analyses,
data rejected in the analyses are not used in making the statistics. The 8paveshat the “quality” of the
observations — as compared to the model fields — are similar for the 3 data tiypegthing, the radiosonde
wind speeds are a little worse. However, only few AMV and aircraft wiaigsavailable above ca. 200 hPa, in
opposition to radiosonde wind data. Two of problems in the present useliokonde data are that all data are
assumed to be valid at the same time, and that they are assumed to be valid mighesaontal position. Both
of these assumptions are invalid. During the ascent of a balloon it canrdify kilometer (even grid points)
away from the original horizontal position. This will inevitable cause ezours analysis increments in some
cases.

Similar, Figure 41 shows the statistics of temperature data from radiosondesreraft. It is quite clear from
this figure that there is a better agreement between aircraft temperatdréseafirst guess field temperatures
than between radiosonde temperatures and the first guess field tenmgseratgain, this may very well be a
consequence of the assumption of constant horizontal position of tlisoade measurements.

4 Conclusions

The present study has resulted in a number of interesting results. The suomaeonfirm to a large extent
the conclusions from the winter runs. Besides showing that radioscaideade still a core part of todays
meteorological observation system some of the major conclusions are

e The baseline setup has rather poor overall scores compared to moseaithpes.

e The use of E-AMDAR data gives only approximately half the impact (ovepge) of using all aircraft
data. For some parameters the impact is significantly larger and for otlzengiars the impact is small.

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 radiostatde

e Additional use of humidity from the additional non-GUAN radiosondes grénsignificant impact.

e The use of aircraft wind and temperature data give approximately the sanaetimp the additional
radiosonde wind and temperature data.
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e The use of both aircraft and the additional radiosonde wind and tempetitta leads to significant better
scores compared to using only one of the two components.

e Forthelong 06 UTC and 18 UTC forecasts for which the analyses haaedailable from only very few
radiosonde stations, the impact from aircraft data are significantly l&#rgardata from the non-GUAN
radiosonde stations for only a few forecast lengths and parameterss, e impact for the summer
period is somewhat smaller than for the winter period.

e Addition of the (very few) additional wind profiler data gives an insignificenpact. However, regular
monitoring of the data from the different stations should be made, and loastds a revised list of
observation errors and which stations to be included in the whitelist cantineagesd. Furthermore,
restrictions such as is done in Aladin (between 400 hPa and 700 hPa; Rarygriamampianina (OMSZ),
private communication) to which part of the atmosphere where the dataedeosld be considered as
well.

Thus, aircraft data and the extra radiosonde data are not redudai@nin the DMI-HIRLAM analysis and
forecasting system, but to a very high extent complementary data. Radéslata may also in the future
be very important data. Besides being useful by themselves in assimilatioarén@®@f importance to anchor
the bias correction of satellite radiances in a setup with adaptive bias ton;eend of course for verification
purposes.

It also seems important to have temperature information in addition to wind datee eediosonde data exper-
iments show. In a future study it would be interesting to have an additionakiexgnt with temperature data
(and no wind data) from non-GUAN radiosonde stations.

Occasionally some satellite data are missing which furthermore results in a basstirp that may be more
sensitive to additional data than for a setup using more satellite data as expettte future. It should also

be noted that the amount of AMSU-A data over sea and sea ice is ratheoiddivef 00 UTC analyses with

the present satellite configuration. This is expected to be much better in thaeer future, when data from
METOP-A become available. The number of aircraft data in Europe durgty is limited, since many airports
do not allow aircrafts to land or depart during the night. This could be impbiftaircraft data are supposed to
replace some radiosonde stations.

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 also when the assimilation system oedexdarge change, such as the
expected near future introduction of 4D-Var analyses in limited area madbats;an take advantage of more of
the data that are available at least hourly.
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Table 7: Contingency tables for 20050730-20050831 (6—18 h forecasts)isb station list.

T1A 20050730-20050831 (64.7 %) T1B 20050730-20050831 (66.3 %)
| 01 02 03 04 O5 sum| %= | O1 02 03 04 O5 sum
F1 |53 23 2 0| 563| F1 |546 18 1 0] 571
F2 | 217 42 21 41290 || F2 |214 49 22 4| 295
F3 55 54 16 260 | F3 54 62 25 267
F4 | 12 26 26 10| 81 || F4 8 22 24 12| 73
F5 0o 2 11 9| 27 | F5 0o 1 5 7| 15

sum | 884 129 114 61 33 1221| sum | 884 129 114 61 331221

%FO| 60 33 47 43 27 54 | %FO| 62 38 54 39 21| 56

T1W 20050730-20050831 (66.6 %) T1T 20050730-20050831 (65.5 %)
5| 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 510 24 1 0| 542| F1 |523 23 1 0] 553
F2 | 248 38 23 2| 314 || F2 | 228 41 20 2| 293
F3 61 62 20 271 | F3 59 69 25 288
F4 5 21 28 12| 71 || F4 8 17 24 10| 64
F5 2 1 9 10| 23 | F5 2 1 9 9| 23

sum | 884 129 114 61 331221 sum | 884 129 114 61 331221

%FO| 58 29 54 46 30 53 | %FO| 59 32 61 39 27 55

T1D 20050730-20050831 (67.3 %) T1U 20050730-20050831 (65.1 %)
- | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 540 29 1 0| 577| F1 |519 21 1 0] 549
F2 | 222 35 22 2| 285 | F2 | 241 43 18 3| 311
F3 60 66 21 275 | F3 60 60 20 268
F4 8 18 25 9| 65 | F4 6 26 25 14| 76
F5 0o 0 10 8| 19 | F5 0o o0 9 6| 17

sum | 884 129 114 61 331221 sum | 884 129 114 61 331221

%FO| 61 27 58 41 24 55 | %FO| 59 33 53 41 18 653

T1F 20050730-20050831 (66.0 %) T1V 20050730-20050831 (66.8 %)
5r | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 533 25 2 0| 565| F1 |515 20 3 0] 543
F2 | 238 36 18 3| 298 || F2 |240 47 28 2| 322
F3 62 57 17 251 | F3 54 61 19 265
F4 9 30 28 10| 83 | F4 7 19 25 9| 66
F5 1 0 11 8| 24 | F5 1 2 9 12| 25

sum | 884 129 114 61 331221 sum | 884 129 114 61 331221

%FO| 60 28 50 46 24 54 | %FO| 58 36 54 41 36 54

T1X 20050730-20050831 (67.1 %) T1Y 20050730-20050831 (66.0 %)
5r | O1 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 531 22 1 0] 557| F1 |53 20 1 0] 558
F2 | 231 43 18 1| 296 | F2 | 229 44 16 4| 298
F3 56 72 24 277 | F3 57 65 23 274
F4 7 16 27 14| 70 | F4 6 25 26 11| 75
F5 1 2 6 7| 21 || F5 o 1 6 8| 16

sum | 884 129 114 61 331221 sum | 884 129 114 61 331221

%FO| 60 33 63 44 21 56 | %FO| 60 34 57 43 24 55




Table 8: Contingency tables for 20050730-20050831 (18—30 h forecd3#slish station list.

T1A 20050730-20050831 (65.7 %) T1B 20050730-20050831 (67.7 %)
| 01 02 03 04 O5 sum| %= | O1 02 03 04 O5 sum
F1 | 543 27 1 1|580| F1 |55 27 5 1| 598
F2 | 217 39 20 3| 284 | F2 |216 41 22 3| 290
F3 51 59 21 264 | F3 51 62 16 258
F4 | 13 15 18 10| 66 | F4 | 12 11 15 5| 52
F5 3 1 12 5| 28 | F5 0O o0 13 6| 24

sum | 903 128 109 57 25 1222| sum | 903 128 109 57 251222
%FO| 60 30 54 32 20 54 | %FO| 62 32 57 26 24 56

T1W 20050730-20050831 (66.2 %) T1T 20050730-20050831 (65.0 %)
5| 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 543 24 O 2|578| F1 |538 26 1 1| 575
F2 | 228 42 15 1] 292 | F2 |225 47 22 3| 300
F3 55 67 20 264 | F3 49 59 23 258
F4 | 16 17 29 11| 79 | F4 | 16 16 25 12| 73
F5 0o 1 2 5| 9 F5 3 2 5 3| 16

sum | 903 128 109 57 251222 sum | 903 128 109 57 25 1222
%FO| 60 33 61 51 20 56 | %FO| 60 37 54 44 12 55

T1D 20050730-20050831 (64.1 %) T1U 20050730-20050831 (69.0 %)
- | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 537 33 2 2|58 | F1L |55 30 2 0] 607
F2 | 213 37 15 3| 273 | F2 [213 36 23 6| 288
F3 46 61 18 259 | F3 52 61 16 243
F4 | 18 18 22 12| 81 || F4 | 14 15 24 11| 74
F5 | 4 1 10 5| 24 | F5 O 0 0 5 5|10

sum | 903 128 109 57 251222 sum | 903 128 109 57 25 1222
%FO| 59 29 56 39 20 54 | %FO| 63 28 56 42 20 57

T1F 20050730-20050831 (67.7 %) T1V 20050730-20050831 (63.9 %)
5r | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 560 32 2 1| 601| F1 |514 22 1 1| 542
F2 | 221 41 23 4| 300 | F2 [236 49 27 2| 322
F3 49 64 9 244 | F3 50 59 17 270
F4 7 13 24 10| 60 | F4 | 17 17 23 8| 72
F5 0O O 11 3| 17 | F5 1 0 8 5| 16

sum | 903 128 109 57 251222 sum | 903 128 109 57 25 1222
%FO| 62 32 59 42 12 57 | %FO| 57 38 54 40 20 53

T1X 20050730-20050831 (64.7 %) T1Y 20050730-20050831 (66.4 %)
5r | O1 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 551 29 2 0|58 | F1 |542 28 2 1| 584
F2 | 209 38 24 6| 282 | F2 |226 45 21 3| 305
F3 51 55 17 258 | F3 48 61 18 260
F4 | 10 18 22 8| 67 | F4 9 9 14 9| 48
F5 3 1 11 6| 26 | F5 0o 0 13 5| 25

sum | 903 128 109 57 251222 sum | 903 128 109 57 25 1222
%FO| 61 30 50 39 24 55 | %FO| 60 35 56 25 20 55




Table 9: Contingency tables for 20050730-20050831 (30—42 h forecd3#slish station list.

T1A 20050730-20050831 (60.7 %) T1B 20050730-20050831 (63.5 %)
| 01 02 03 04 O5 sum| %= | O1 02 03 04 O5 sum
F1 | 501 21 1 1]531| F1 |542 31 4 2| 589
F2 | 210 40 15 3272 || F2 | 207 44 21 7| 287
F3 56 67 27 322 | F3 43 52 15 250
F4 | 13 20 19 10| 71 | F4 | 13 22 19 11| 74
F5 | 11 4 7 3| 26 || F5 1 3 12 1| 22

sum | 898 130 110 58 26 1222| sum | 898 130 110 58 26 1222

%FO| 56 31 61 33 12 52 | %FO| 60 34 47 33 4, 54

T1W 20050730-20050831 (64.8 %) T1T 20050730-20050831 (66.2 %)
5| 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 538 22 2 2| 571| F1 |565 32 1 2| 608
F2 | 216 40 23 2| 284 | F2 | 190 37 18 5| 255
F3 58 60 29 285 | F3 53 66 31 288
F4 | 13 17 19 9| 68 | F4 | 11 15 20 9| 62
F5 1 0 5 5| 14 | F5 1 1 1 3| 9

sum | 898 130 110 58 26 1222| sum | 898 130 110 58 26 1222

%FO| 60 31 55 33 19 54 | %FO| 63 28 60 34 12 57

T1D 20050730-20050831 (65.7 %) T1U 20050730-20050831 (65.0 %)
- | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 560 26 1 1|59 | F1 |561 25 2 1| 603
F2 | 193 48 22 3| 274 | F2 | 190 44 20 5| 269
F3 49 62 33 279 | F3 53 51 20 269
F4 | 15 18 15 13| 68 | F4 8 23 22 13| 74
F5 3 0 0 1 1| 5 F5 1 0 4 0| 7

sum | 898 130 110 58 26 1222| sum | 898 130 110 58 26 1222

%FO| 62 37 56 26 4 56 | %FO| 62 34 46 38 0 55

T1F 20050730-20050831 (65.7 %) T1V 20050730-20050831 (62.4 %)
5r | 01 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 555 29 2 1| 600| F1 |511 26 3 2| 546
F2 | 206 41 15 2| 266 || F2 | 214 41 24 2| 284
F3 52 61 30 277 | F3 55 57 26 294
F4 | 10 17 17 11| 63 | F4 | 22 23 20 8| 77
F5 0o o0 7 5| 16 | F5 5 4 6 4| 21

sum | 898 130 110 58 26 1222| sum | 898 130 110 58 26 1222
%FO| 62 32 55 29 19 56 | %WFO| 57 32 52 34 15 52

T1X 20050730-20050831 (64.0 %) T1Y 20050730-20050831 (64.1 %)
5r | O1 02 03 04 05 sum| %= | O1 02 03 04 05 sum
F1 | 540 28 2 1| 579| F1 |543 34 4 2| 59
F2 | 199 46 18 4| 272 || F2 | 207 44 22 6| 284
F3 45 63 22 282 | F3 41 57 25 258
F4 | 15 21 23 8| 77 | F4 | 16 17 15 10| 67
F5 2 1 0 6 3| 12| F5 3 2 9 2| 17

sum | 898 130 110 58 26 1222| sum | 898 130 110 58 26 1222
%FO| 60 35 57 40 121 55 | %FO| 60 34 52 26 8 54




Table 10: Contingency tables for 20050730-20050831 (6—18 h forecast8isIEAM station list.

T1A 20050730-20050831

T1B 20050730-20050831

obe= Ol 02 03 04 05 sum || P2 Ol 02 03 04 05 sum
F1 | 10257 402 34 29|10874| F1 | 10416 392 26 24| 11002
F2 | 2326 477 328 50| 3257 || F2 | 2231 470 332 47 | 3156
F3 551 804 301 3268 | F3 579 787 299 3245
F4 206 276 198 155| 933 | F4 181 293 214 161| 939
F5 71 34 131 235| 575 | F5 58 31 125 243 | 565
sum | 14280 1562 1664 740 66(118907| sum | 14280 1562 1664 740 66118907
%FO| 72 31 48 27 36 63 |%FO| 73 30 47 29 37 64
T1W 20050730-20050831 T1T 20050730-20050831
o Ol 02 03 04 05 sum || P2 Ol 02 03 04 05 sum
F1 | 10456 383 38 25|11037| F1 | 10351 385 28 27| 10922
F2 | 2220 461 323 53| 3126 | F2 | 2267 469 329 43| 3185
F3 506 823 293 3240 || F3 585 813 280 3256
F4 193 284 216 145| 932 | F4 186 287 234 173| 970
F5 62 28 124 259 | 572 | F5 62 33 121 254 | 574
sum | 14280 1562 1664 740 66(118907| sum | 14280 1562 1664 740 661118907
WFO| 73 30 49 29 39 65 | %FO| 72 30 49 32 38 64
T1D 20050730-20050831 T1U 20050730-20050831
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 10466 400 28 26| 11072| F1 | 10475 405 27 29 | 11085
F2 | 2199 465 308 47| 3095 | F2 | 2242 453 330 37| 3129
F3 564 821 292 3231 | F3 581 818 317 3238
F4 183 278 209 164| 935 | F4 180 258 205 167 | 900
F5 54 32 135 248 | 574 | F5 48 33 124 241 | 555
sum | 14280 1562 1664 740 66(118907| sum | 14280 1562 1664 740 66118907
%FO| 73 30 49 28 38 65 |%FO| 73 29 49 28 36 64
T1F 20050730-20050831 T1V 20050730-20050831
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 10391 390 30 27 |10969| F1 | 10334 389 39 2310951
F2 | 2287 483 312 49| 3195 | F2 | 2203 487 324 65| 3156
F3 571 877 301 3302 || F3 560 798 278 3285
F4 162 264 226 172| 911 | F4 208 272 202 156| 928
F5 53 31 119 247 | 530 | F5 69 36 144 234 | 587
sum | 14280 1562 1664 740 66(118907| sum | 14280 1562 1664 740 661118907
%FO| 73 31 53 31 37 65 |%FO| 72 31 48 27 35 64
T1X 20050730-20050831 T1Y 20050730-20050831
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 10302 388 36 28 |10882| F1 | 10447 382 29 29 | 11036
F2 | 2304 455 341 44| 3208 | F2 | 2223 497 308 47 | 3155
F3 607 837 295 3347 | F3 561 826 303 3235
F4 203 250 222 159| 914 | F4 190 285 205 160| 935
F5 61 32 123 232 | 556 | F5 60 27 123 240 | 546
sum | 14280 1562 1664 740 66(118907| sum | 14280 1562 1664 740 66118907
%FO| 72 29 50 30 35 64 |%FO| 73 32 50 28 36 65




Table 11: Contingency tables for 20050730-20050831 (18—30 h forecd&a{8{5LAM station list.

T1A 20050730-20050831

T1B 20050730-20050831

obe= Ol 02 03 04 05 sum || P2 Ol 02 03 04 05 sum
F1 | 10232 421 50 32 |10924| F1 | 10400 419 49 28 | 11059
F2 | 2303 462 318 65| 3237 || F2 | 2225 440 335 55| 3131
F3 520 759 284 3266 | F3 569 791 304 3299
F4 211 260 189 162| 931 | F4 176 235 195 167 | 868
F5 83 42 121 177 | 543 | F5 74 31 109 208 | 544
sum | 14314 1554 1646 733 65418901| sum | 14314 1554 1646 733 65418901
%FO| 71 30 46 26 27 63 |%FO| 73 28 48 27 32 64
T1W 20050730-20050831 T1T 20050730-20050831
o Ol 02 03 04 05 sum || P2 Ol 02 03 04 05 sum
F1 | 10319 411 44 43|10989| F1 | 10318 426 40 33| 10979
F2 | 2300 463 345 52| 3251 | F2 | 2328 445 314 56 | 3239
F3 525 778 304 3244 || F3 553 828 313 3298
F4 196 240 187 145| 882 | F4 194 233 187 171| 878
F5 76 41 107 200 | 535 | F5 70 37 97 194 | 507
sum | 14314 1554 1646 733 65418901| sum | 14314 1554 1646 733 65418901
WFO| 72 30 47 26 31 63 | %FO| 72 29 50 26 30 63
T1D 20050730-20050831 T1U 20050730-20050831
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 10280 406 48 36 |10928| F1 |10379 408 31 25| 10998
F2 | 2360 440 328 51| 3259 | F2 | 2308 453 336 53| 3239
F3 575 828 313 3333 | F3 587 807 303 3272
F4 202 246 188 173| 912 | F4 186 252 206 161| 888
F5 64 30 104 185 | 469 | F5 70 23 104 211 | 504
sum | 14314 1554 1646 733 65418901| sum | 14314 1554 1646 733 65418901
WFO| 72 28 50 26 28 63 || %FO| 73 29 49 28 32 64
T1F 20050730-20050831 T1V 20050730-20050831
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 10309 417 33 24| 10953| F1 | 10249 422 49 37 | 10931
F2 | 2299 477 331 44| 3238 | F2 | 2290 448 352 55| 3231
F3 532 775 298 3258 || F3 547 756 313 3325
F4 207 277 199 156| 938 | F4 203 263 190 157 | 926
F5 63 29 116 213 | 514 | F5 83 24 95 185 | 488
sum | 14314 1554 1646 733 65418901| sum | 14314 1554 1646 733 65418901
WFO| 72 31 47 27 33 63 | %FO| 72 29 46 26 28 63
T1X 20050730-20050831 T1Y 20050730-20050831
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 10313 427 51 33 |11003| F1 | 10386 430 47 28 | 11064
F2 | 2281 450 331 55| 3200 | F2 | 2253 449 327 62| 3170
F3 540 783 277 3244 | F3 545 779 304 3242
F4 210 247 205 164| 927 | F4 194 264 187 154| 896
F5 82 36 117 186 | 527 | F5 70 33 116 207 | 529
sum | 14314 1554 1646 733 65418901| sum | 14314 1554 1646 733 65418901
WFO| 72 29 48 28 28 63 | %FO| 73 29 47 26 32 64




Table 12: Contingency tables for 20050730-20050831 (30—42 h forecd&a{8{5LAM station list.

T1A 20050730-20050831

T1B 20050730-20050831

obs—

obs—

Ttor 01 02 03 04 O5 sum || %= 01 02 03 04 O5 sum
F1 | 10269 454 66 49 | 11058| F1 | 10285 448 45 39| 11021
F2 | 2247 429 367 69| 3211 | F2 | 2315 417 367 59 | 3256
F3 507 745 306 3290 | F3 525 750 302 3219
F4 229 212 166 156| 881 || F4 234 216 180 163| 906
F5 78 36 96 159 | 458 | F5 77 4 108 174 | 496
sum | 14350 1544 1633 733 63818898 sum | 14350 1544 1633 733 63818898
WFO| 72 28 46 23 25 62 | %FO| 72 27 46 25 27 62
T1W 20050730-20050831 T1T 20050730-20050831
o Ol 02 03 04 05 sum || P2 O1L 02 03 04 05 sum
F1 | 10349 440 49 52|11092| F1 | 10322 481 62 40 | 11117
F2 | 2267 436 365 48| 3212 | F2 | 2251 397 360 66 | 3165
F3 525 764 306 3254 | F3 513 740 316 3265
F4 214 206 184 149 | 857 || F4 198 229 168 165| 871
F5 8l 39 98 169 | 483 | F5 75 42 96 175 | 480
sum | 14350 1544 1633 733 63818898| sum | 14350 1544 1633 733 63818898
WFO| 72 28 47 25 26 63 | %FO| 72 26 45 23 27 62
T1D 20050730-20050831 T1U 20050730-20050831
o Ol 02 03 04 05 sum | P& O1L 02 03 04 05 sum
F1 | 10278 446 62 42 |11028| F1 | 10372 442 46 38| 11092
F2 | 2324 422 367 63| 3260 | F2 | 2280 446 368 54| 3239
F3 536 729 310 3227 | F3 509 762 317 3214
F4 200 237 180 176| 898 | F4 205 219 171 175| 872
F5 88 35 97 165| 485 | F5 66 45 108 172 | 481
sum | 14350 1544 1633 733 63818898| sum | 14350 1544 1633 733 63818898
WFO| 72 27 45 25 26 62 | %FO| 72 29 47 23 27 63
T1F 20050730-20050831 T1V 20050730-20050831
o Ol 02 03 04 05 sum | P& Ol 02 03 04 05 sum
F1 | 10425 416 52 42| 11130| F1 | 10239 463 65 38| 11021
F2 | 2263 450 338 48| 3188 | F2 | 2279 421 359 78 | 3245
F3 545 775 306 3215 | F3 525 723 298 3258
F4 189 228 197 158 | 872 || F4 230 221 169 153| 868
F5 93 33 89 181 | 493 | F5 82 40 93 177 | 506
sum | 14350 1544 1633 733 63818898| sum | 14350 1544 1633 733 63818898
%WFO| 73 29 47 27 28 64 | %FO| 71 27 44 23 28 62
T1X 20050730-20050831 T1Y 20050730-20050831
o Ol 02 03 04 05 sum | P& O1 02 03 04 05 sum
F1 | 10267 471 53 44| 11050| F1 |10345 450 47 37| 11083
F2 | 2315 414 354 60| 3238 | F2 | 2257 434 345 58 | 3188
F3 522 755 319 3278 | F3 519 772 309 3283
F4 210 210 171 157 | 854 || F4 191 211 190 157 | 849
F5 83 31 95 170 | 478 | F5 88 41 93 172 | 495
sum | 14350 1544 1633 733 63818898| sum | 14350 1544 1633 733 63818898
WFO| 72 27 46 23 27 62 | %FO| 72 28 47 26 27 63
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Table 13: Equitable threat scores (ETS) for the August period runs. ETS & limit of 0.3 mm/12 h, ETS2
is for a limit of 1.5 mm/12 h and ETS3 is for a limit of 5.0 mm/12 h. The smallest value dndvavithin 0.0025

of this value for a given forecast range and limit is shown in red. TheJadse as well as values within 0.0025

of this value for a given forecast range and limit is marked with bold blaok fo

Danish stations

6-18h

18-30h

30-42h

model

ETS1

ETS2

ETS3

ETS1

ETS2

ETS3

ETS1

ETS2

ETS3

T1A

0.253

0.311

0.346

0.246

0.265

0.310

0.198

0.249

0.239

T1B

0.270

0.341

0.324

0.256

0.274

0.298

0.215

0.268

0.279

T1D

0.267

0.343

0.381

0.219

0.287

0.320

0.253

0.272

0.205

T1T

0.251

0.348

0.370

0.234

0.272

0.325

0.258

0.287

0.240

T1U

0.251

0.377

0.372

0.269

0.250

0.341

0.233

0.247

0.278

T1W

0.263

0.348

0.425

0.243

0.296

0.351

0.242

0.261

0.264

TV

0.262

0.336

0.390

0.224

0.284

0.317

0.209

0.274

0.228

T1X

0.273

0.369

0.379

0.226

0.275

0.335

0.227

0.270

0.267

T1Y

0.266

0.335

0.346

0.240

0.300

0.331

0.212

0.262

0.239

T1F

0.266

0.349

0.359

0.243

0.298

0.405

0.245

0.290

0.294

Table 14: Equitable threat scores (ETS) for the August period runs. ETSY & limit of 0.3 mm/12 h, ETS2
is for alimitof 1.5mm/12 h and ETS3is for a limit of 5.0 mm/12 h. The smallest value dndwavithin 0.0025

of this value for a given forecast range and limit is shown in red. Thevadse as well as values within 0.0025

of this value for a given forecast range and limit is marked with bold blaok fo

EWGLAM stations

6-18h

18-30h

30-42h

model

ETS1

ETS2

ETS3

ETS1

ETS2

ETS3

ETS1

ETS2

ETSS

T1A

0.329

0.347

0.294

0.314

0.324

0.259

0.292

0.294

0.238

T1B

0.344

0.361

0.311

0.329

0.341

0.288

0.309

0.318

0.258

T1D

0.343

0.359

0.318

0.326

0.339

0.275

0.301

0.306

0.257

T1T

0.338

0.359

0.329

0.328

0.336

0.273

0.303

0.308

0.253

T1iU

0.349

0.372

0.315

0.333

0.344

0.293

0.311

0.323

0.265

T1W

0.347

0.353

0.312

0.322

0.328

0.262

0.306

0.301

0.251

TV

0.333

0.334

0.304

0.310

0.323

0.255

0.291

0.298

0.242

T1X

0.335

0.359

0.312

0.317

0.333

0.276

0.300

0.311

0.249

T1Y

0.346

0.359

0.305

0.328

0.338

0.276

0.311

0.310

0.260

T1F

0.351

0.362

0.335

0.328

0.354

0.286

0.315

0.328

0.264
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Figure 8 : Obs-verification of control run (T1A), ‘additional radiosonde wintldemperature’ (T1T) run,

aircraft’ (T1B) run, and ‘E-AMDAR’ (T1X) run. EWGLAM station list.
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Figure 9: Obs-verification of control run (T1A), ‘additional radiosonde wind1{V) run, ‘additional ra-
diosonde wind and temperature’ (T1T) run, and ‘all TEMP’ run (TIEAWWGLAM station list.
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Figure 10 : Obs-verification of the control run (T1A), the ‘additional radiosomded and temperature’ (T1T)
run, ‘additional radiosonde and aircraft wind and temperature’ (Tid) and the ‘full system’ (T1F) run.
EWGLAM station list.
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Figure 11 : Obs-verification of the baseline (T1A) run and the 'wind profiler’ (TI'dn. EWGLAM station

list.
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Figure 12 : Obs-verification of surface parameters using a Danish station list. @lLBbservations used;
T1A: baseline run; T1B: T1A + aircraft; TAW: T1A + wind from other ragsondes; 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 13 : Rms scores for T1B (all AIREPSs, left) and differences in rms-scoedween T1A (baseline exper-
iment) and T1B (right) at analysis time and for the 12, 24, 36 and 48 hoeacdsts as a function of pressure

in the August 2005 period. Top row is for temperature and bottom row ipa@eatial. Positive values in the
difference plots where T1B has better rms-scores.
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Figure 14 : Rms scores for T1T (wind and temperature from radiosondes, leftili#fiedences 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 August 2005 period. Top row is for temperand bottom row is geopotential.

Positive values in the difference plots where T1T has better rms-scores.
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Figure 15 : Rms scores for T1B (all AIREPs, left) and differences in rms-scoetseen T1X (all E-AMDAR)
and T1B (right) at analysis time and for the 12, 24, 36 and 48 hour fstees a function of pressure in the

August 2005 period. Top row is for temperature and bottom row is geopaliePositive values in the difference
plots where T1B has better rms-scores.
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Figure 16 : Rms scores for T1D (all TEMPs, left) and differences in rms-scoetsden 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 August 2005 period. Top row is for temperature and bottom row ipa@eatial. Positive values in the
difference plots where T1D has better rms-scores.
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Figure 17 : Rms scores for T1T (baseline + additional radiosonde wind and tempedsta, left) and differ-
ences in rms-scores between T1W (baseline + additional radiosondelatejcand T1T (right) at analysis time
and for the 12, 24, 36 and 48 hour forecasts as a function of peesstine August 2005 period. Top row is

for temperature and bottom row is geopotential. Positive values in the diffenglots where T1T has better
rms-scores.
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Figure 18 : Rms scores for T1D (all radiosonde data, left) and differences irsocoses between T1T (baseline
+ additional radiosonde wind and temperature data) and T1D (right) bisisiame and for the 12, 24, 36 and
48 hour forecasts as a function of pressure in the August 2005 périgdrow is for temperature and bottom
row is geopotential. Positive values in the difference plots where T1D dtsesrlms-scores.
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Figure 19 : Rms scores for T1T (baseline + additional radiosonde wind and tempegsta) 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 forecastsiecadn of pressure in the August 2005

period. Top row is for temperature and bottom row is geopotential. Posdivey in the difference plots where
T1T has better rms-scores.
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Figure 20 : Rms scores for T1F (full system, left) and differences in rms-sceegden T1A (baseline exper-
iment) and T1F (right) at analysis time and for the 12, 24, 36 and 48 hoecdsts as a function of pressure

in the August 2005 period. Top row is for temperature and bottom row ipaeatial. Positive values in the
difference plots where T1F has better rms-scores.

www.dmi.dk/dmi/sr06-08 page 49 of 71



@ Danish Meteorological Institute
i Scientific Report 06-08

T1F (0508) temperature rms |n [K]

100 100 T1U TlF (0508}}emperature K]
12h diff
24h diff
36h diff %
48h diff |
200 200 — ————————————————————— rrrrrrrrrrrrr .
o o : :
= = : :
o 300 © 300 o e oo .
> > : :
0 [7)] . !
0 % : :
2 400 @ 400 o S .
o o 1 1
500 500 — rrrrrrrrrrrrrrrrrrrrrrrr I .
600 600 — —————————————————— ————————————— =
700 {010 J) CISSSSHEEE ST ATRRE § SRna s .
800 800 [N e =
925 925 — ———————————————— B -
1000 1000 e
—01 -0.05 0 005 0.1
10 0T1F (0508) geop otential rms in [m] 100
200 200
' ‘T
a X o
= =
o 300 o 300
> >
(%] [%)]
(%] 0
@ 400 @ 400
o o
500 500
600 600
700 700
800 800
925 925
1000 1000

-1.5 -0.5 0.5 1.5

Figure 21 : 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 AugQStgeriod. Top row is for temperature
and bottom row is geopotential. Positive values in the difference plots WHdrdnas better rms-scores.
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Figure 22 : Bias (left) and rms scores at analysis time and for the 12, 24, 36 andu8drecasts of the full
system (T1F) experiment as a function of pressure in the August 28&dp Top row is for temperature and

bottom row is geopotential. (The numbers in small print in the bias plots indicateutnber of observations
used).
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Figure 23 : Significance test based on daily scores of mslp for 00 UTC and 12 UR€ 80 % 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 etliadiosondes; 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 24 : Significance test based on daily scores of 300 hPa temperature. 908id&dcconfidence 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 25 : Significance test based on daily scores of 300 hPa wind speed. 90 $tdeebconfidence 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 26 : Significance test based on daily scores of 850 hPa temperature. 908id&aucconfidence 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 700 hPa relative humidity. 3@®%ided 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 ragondes; 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 28 : Significance test based on daily scores of 500 hPa geopotential hegg¥ittwo 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 ragondes; 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 mslp for 06 UTC and 18 UR€ 80 % 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 etliadiosondes; 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 30 : Significance test based on daily scores of selected parameters far@éand 18 UTC runs only.

90 % two sided confidence interval. The first model run is better than tioagdeun if the mean is negative. Top
row is for 500 hPa geopotential height, second row from top is for 3@0#iRd speed, third row is for 300 hPa
temperature and bottom row is for 850 hPa temperature. (T1B: baselinerafgif 1T: baseline + wind and
temperature data from non-GUAN radiosondes; T1X: baseline + E-ARDAta).
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Figure 31 : Significance test based on daily scores of selected parameters fofbas®line + wind profiler
data) and T1A (baseline). 90 % two sided confidence interval. T1V is hbdarT1A if the mean is negative.
See text in plots for parameters and whether it is for 00 UTC and 12 UT€aufor 06 UTC and 18 UTC runs.
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Figure 32: Mslp analyses and 10 m wind valid at 00 UTC August 24, 2005. (T1Foladervations 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 cddésondes; T1X: T1A + E-AMDAR

data; T1V: T1A + wind profiler data; T1U: T1T + all aircraft data). Mslpntours for every 4 hPa and WMO

standard wind arrows.
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Figure 33: 48 h mslp and 10 m wind forecasts valid at 00 UTC August 24, 2005. :(@lBbservations 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 cddéysondes; T1X: T1A + E-AMDAR

data; T1V: T1A + wind profiler data; T1U: T1T + all aircraft data). Mslpntours for every 4 hPa and WMO
standard wind arrows.
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Figure 34 : 48 h mslp forecast differences against the T1F analysis valid at 00ALGGst 24, 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 difference contours
for every 2 hPa. Light grey areas for values betwedn hPa and-20 hPa, dark grey areas for values between
—20hPa and-40 hPa, light blue areas for values between 10 hPa and 20 hPa, andlgarkréas for values
between 20 hPa and 40 hPa.
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Figure 35 : Forecasted (6 h-18 h) 12 h accumulated precipitation valid on 18 UTC giigw2005. (T1F: all
observations used; T1A: baseline run; T1B: T1A + aircraft; TIW: Fdind 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 airdtadata).
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Figure 36 : Forecasted (18 h-30h) 12 h accumulated precipitation valid on 06 UTQgug 2005. (T1F: all
observations used; T1A: baseline run; T1B: T1A + aircraft; TIW: Tdind 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 airdtadata).
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Figure 37 : Observed 12 h accumulated precipitation on 18 UTC August 5, 2005. ddatiiom SYNOP stations (left) and from the SVK (Spildevandskomiteen,
see e.g. Nielsen and Cappelen, 2006) system. Values larger than bteeg§uam have a bold, red and larger font. Values between more than 1 mmsanithéan
8 mm have a bold, green and larger font. Zero values have a blue faiatfiden the SVK system is only shown if the observed value is at least 2 mm.
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6. august 2005, 06:00 UTC

Figure 38: Observed (from SYNOP stations) 12 h accumulated precipitation on 06 AIglist 6, 2005.
Values larger than or equal to 8 mm have a bold, red and larger font. 3/aktereen more than 1 mm and less
than 8 mm have a bold, green and larger font. Zero values have a blue fon
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Figure 39 : Distribution (in bins of 0.5 m/s) of Meteosat-8 AMV wind speed innovationd¢d#nces between
the model first guess wind speeds and observed wind speeds) foorttrelaun (T1F). The transformation
v —21In(f/ fmax) make a Gaussian distribution linear on each side of 0.
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Figure 40 : Distribution (in bins of 0.5 m/s) of radiosonde wind speed innovations feiffees between the model first guess wind speeds and observegpesuss
(left) and aircraft wind innovations (right) for the control run (T1Fheltransformation/—2 In(f/ fmax) Make a Gaussian distribution linear on each side of 0.
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Figure 41 : Distribution (in bins of 0.15K) of aircraft and radiosonde temperatur@vations (differences
between the model first guess temperatures and observed tempefatuttes control run (T1F). The transfor-
mation./—2 In(f/ fmax) Make a Gaussian distribution linear on each side of 0.
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