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EUCOS network scenarios

Sc1, Baseline: a minimal radiosonde network
(GUAN + GSM) and also a reduced set of aircraft
data.

Sc2, Control: the present operational network.

Sc3a: the radiosonde network thinned to a 100 km
resolution.

Sc3b: as Sc3a but thinning only at 12 UTC.

Sc4: radiosonde and aircraft profiles at a
horizontal spacing of 250 km over Europe.

Scb: similar to Sc4 but with a thinning to 500 km.



Winter period: 15 Dec 2006 — 31 Jan 2007:

ECMWF . HIRLAM 17 km

Summer period: 1 June — 16 July 2007:

ECMWF | tsc | HIRLAM 11 km

LBC

HARMONIE 4 km




Model domains:
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Operational HIRLAM model:

* Hydrostatic, gridpoint model, C-grid

* 60 vertical levels

* 2 time level Semi-Implicit Semi-Lagrangian
* Davies-Kallberg LBC relaxation

* CBR turbulence, Rasch-Kristjansson cond.
and clouds, Kain.Fritch convection,
Savijarvi radiation, ISBA surface and soil, 5
surface tiles

* No explicit initialization



Operational HIRLAM 4D-Var

* 6 hr assimilation window (and cycle)

* TL and AD models based on spectral S| SL
(SETTLS) version of HIRLAM

* Only vertical diffusion in simplified 4D-Var
physics

* 2 outer loop iterations

* Winter case: 102 km and 51 km increments
* Summer case: 66 km and 33 km increments

* Weak digital filter constraint
* Statistical balance background constraint



Experimental mesoscale
HARMONIE forecasting system

* Non-hydrostatic spectral S| SL model
(ALADIN)

* Meteo-France Aladin PHYSICS
* ALADIN 3D-Var
* Digital Filter Initialization



Utilized observations:

Observation Winter Sumimer Sumimer
types period period period
HIRLAM HIRLAM HARMONIE
TEMP v, T.q u,v. 1.,q w,v. T q.z
Blacklisting Blackhsting Blackhisting
following following following
EUCOS hsts EUCOS hsts EUCOS hsts
Adreraft reports v, T v, T v, T
Thinning Thinmng Thinning
following following following
EUCOS EUCOS EUCOS
SYNOP F, P P
SHIP F; F; Fs o, 710
(not used in Sel)
DRIBU F, P P

AMSU-A radiances

Channels 5-10

sea and sea 1ce

Channels 5-10
sea and sea lce

Channels 8-10

sea and land

AMSU-B radiances

Channels 35

Channels 3-5

Channels 3-4

sed sea, sea and land
GEO AMV U,V u, v not used
MODIS AMV not used not used U,V
Seawinds, scatt. U1n, 10 10, V10 Not used

winds




Verification of
analyses and forecasts

* Verification against radiosonde and
SYNOP observations (no analysis
verifications)

* Bias (mean) and Root Mean Square
verification scores.

* Significancy student t test for
normalized mean RMS verification
score differences (ECMWF algorithm)



Validation of scenario
simulations
Observatlon dlstrlbutlon maps
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Validation of scenario
simulations
Observation counts, winter
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On the timescale of the observation
impact of forecast scores - 1
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On the timescale of the observation
impact on forecast scores - 2

Area: Scandinavia using 259 stations
Period: 20061222-20070131
Surface pressure Hours: 00,06,12,18
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A warm and dry bias of the
HIRLAM forecast model

Forecast length
Area: EWGLAM using 53 stations
Period: 20070607-20070715

Relative Humidity 700 hPa Hours: 00,12

30 I I I I I 4000

RMSE EUS1, — o
RMSE EUS2 =
: RMS F' 1S N e bR
R REGEEEU§§%1 e ]
RMSE EUS4
RMSE EUS5
~i-g- BIAS EUST, —3-_ 4 3000
BIAS EUS2 =
BIAS EUS3a ---&---
. BIASEUS3b; @
T BIAS EUSA
BIAS EUS5
CASES

T N—

® 10 —-— 2000

Mo cases

;S
M. e | i |
e M, : i :

| IR LI - U ]
ik S Nt s |
T : 5
e R Tre: [T |
! e Sk el ot e = '

e s - S TS S — r

0 5 10 15 20 25 30 35 40 45 50



mmi12h

0.35 0.40 0.45

0.30

Effects on precipitation forecasts
- summer

Precipitation — BIAS; Periode: 20070607 — 20070715
red — Sc1; blue - Sc2; green - Sc3a
violet - Sc3b; dashed blue - Sc4; Black - Sc5

0_._._,_._—-—'3'
\ J-"-/O
e g .:_’\
) ! D_\_‘_‘_‘_\_‘_‘_\-
-_,"' = _\__.,.--‘a'___l_T—_ at

Forecast Ranges

HIRLAM

mmi12h

32 34 36 38 40

3.0

Precipitation - RMSE; Periode: 20070607 - 20070715
red — Sc1; blue — Sc2; green — Sc3A
violet — Sc3B; dashed blue - Sc4; Black - Sc5

Forecast Ranges

Mesoscale HARMONIE




Significance test of RMS differences —
Baseline scenario versus control scenario
Winter Summer Summer mesoscale

Normalized Mean RMSE diff EL'W2-ELWH Marmalized Maan RMSE dift NES2- NES1 Mormalized Mean RMSE diff ELS2-EUS1
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Geographical distribution of RMS scores —
PMSL winter +48h

Exp: EUW  Area: ENGLAM 220 stations  Period: 200612 22-20070131
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Time series of RMS scores for +48 h PMSL
forecasts over Scandinavia —

Control versus Baseline

Area: Scandinavia 259 stations
Surtace prassure
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Significance test of of RMS differences

Sc5 versus C

850 hPa
height

850 hPa
wind

850 hPa
temp.

ontrol

Winter

Summer Mesoscale
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Significance

test of of RMS differences
Sc4 versus Control

Winter Summer Mesoscale
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Significance test of of RMS differences

Sc3a versus Contro

Winter Summer Mesoscale
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Significance testof of RMS differences

Sc3b versus Control

esoscale

850 hPa
height

850 hPa
wind

850 hPa
temp.

Winter Summer

Normalized Mean RMSE diff EUMZ-EW3E Normalized Mean RMSE diff NES2-NE3B Mormallzed Mean RMSE diff EUS2-EUSE
Pericd: 22,12.2006-31.01.2007 Run: 32,12 UTC Parinct 07.05.2007-15.07.2007 Run: 00,12 UTC Parod: 07.06.2007-15.07.2007 Run: 00,12 UTC
Varlable: Geo 850 Variable: Geo 850 Varlable: Geo RSO0
0% two sided corfidence interal 30 two sided confidenca interval S bw slided comfldence Intensal
0.04 N A4
P 0.07
0.0z T 0.050 1
0.0 ] T B 4
0.00 — .02 0.0 —
= 4 I
:g":" = 0,000 = =+ e
-0.03 it i =+ - T
-0.04 = -+
-0.05 0050 . -T-
-0.06 4
= o o 12 4 5
- ] 12 24
Ferecast ranges Forscast ranges
FEII'EC&S[F&I‘QB’S
Normalzed Mean RMSE dIff EUMZ-EW3E Normalized Mears RMSE diff NES2-NE3B Mormallzed Mean RMSE diff EUS2-EUZE
Pericd: 22.12.2006-31.01.2007 Run: 20,12 UTC Pariock 07.05.2007-15.07.2007 Run: 00,12 UTC Paod: 07.06.2007-1507.2007 Run: 00,12 UTE
Varlables: V 850 Variable: V 850 Varlable: V¥ 850
S0%: two sided confidence int=nial 0% two sided confidinca intenval 0% two sidad comidence Intenval
0.050
0.0% + -+
0 0.085
0.04 0.000 1
3.3: 0025 — = T
¥ 000 == T
g-':" 007
_0.0 -0.10 0.0 —
0.0z e T
-0.03 D15H— i -
-3.5} DA
-0, -0.200
'g-g% 0.225
Y= 0,250 T
] ) v iz = T
. ] 12 24
Forecast rangss Forscast ranges
FDI'EC&S[FBI‘I;B’E
Normalzed Mean RMSE diff EUMZ-EW3E Normalized Mear RMSE diff NES2-NE3E Neormallzed Mean RMSE diff EUS2-EUZR
Pericd: 22.12.2006-31.01.2007 Run: 39,12 UTC Parioct (17052007 15.07.2007 Run: 00,12 UTC Parod: 07.06.2007-15.07.2007 Run: 00,12 UTC
Variahle: T 850 Variable: T 850 Varlable: T 850
SO0 two sided confidence in=nal B0 bwo sided conlidenca inerval o0, b sled confidencs Intendal
s = o T
g-g: == .02 == T
gig;_ 0,000 AT
-0l -0.025 0.3 < —
-0 s == = e
o 0075 T T
-0 2100 rd
Tide RE: T -
AT 0150
] D b 1z =
Forscast ranges u 12 24

Forecast ranges

Farecast ranges



Summary of RMS score differences -
% degradation in comparison with control

Forecast length Baseline | Sc3a | Se3b | Sed | SC5
Winter HIRLAM:
T350412h +5 -1 ] +2 | +2
T850+4+-24h +1 -4 0 -5 +1
T8504-48h +5 +2 +2 -1 +2
BEH700+12h +1 +5 +1 | +2 | +1
RH700+24h +2 0 0 -1 +2
RH700+48h +5 +3 +2 0 +2
Z500+12h +6 +1 {) +2 | +2
Z500+424h +7 -1 +1 | +1 | +4
Z500+48h +5 0 +1 | +3 | +2
Summer HIRLAM:
T850412h +12 +2 +2 | +4 | +5
T850+24h +12 +6 +7 | +10 | +10
T8504-48h +2 +1 +2 | +1 | +3
RH7004+12h +6 +4 +4 | +1 | +4
RH700-+24h +5 0 -2 0 +5
RH700+48h +3 0 0 +3 | +1
Z500+12h +1 -1 -2 0 -3
Z500+4-24h +6 -2 +1 | +3 | +3
Z500+48h +3 0 -1 +6 | +5
Summer HARMONIE:
T8504+12h +5 +1 2 0 +3
T350+4+24h +3 0 0 +2 | +4
RH700+12h +6 0 2 0 +1
RH700+24h +2 -6 -3 -1 -4
Z500+4+12h +4 -6 -1 +3 | -1
Z500+424h +5 -1 0 +4 | +2




Conclusions and recommendations - 1

* From significance test:

- Scenario 3a will have a small and not significant impact on the

forecast skill scores of the current HIRLAM model in summer and
winter
*=> for a forecast model, which is less affected by a dry bias, we cannot

exclude the advantage of a higher density of humidity measurements
as provided by the scenario 2 compared with the sc3a and sc3b.

-> The degradation of forecasts quality in the Baseline scenario is
unacceptable

-> The thinning of the radiosonde network and aircraft profile data to
250 km (sc4) and 500 km (sc5) causes deterioration in the forecast

SCores.



Conclusions and recommendations - 2

From the perspective of short range weather forecasting with
regional (Limited Area) NWP models for the European area,
taking known limitations of present regional model forecasting
system into account, we do not recommend a further thinning
of the upper air observation density below the 100 km density
simulated in scenarios Sc3a and Sc3b of this study.



Differences in ECMWF and
Hungarian results:

- Stronger sensitivity to humidity observations in

summer
- Stronger sensitivity to the thinning to 100 km

(Sc3a and Sc3b) in the Hungarian results

PB-OBS recommendation:

* Scenario 3B: Thinning of radiosonde data to
100 km at 12UTC
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