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Introduction

In the present COSMO code (COSMO 5.0), the treatment of the microphysics tracers (qv, qc, di, gr,
gs, qg) is not consistent. These inconsistencies existed in previous COSMO versions but have been
revealed during the introduction of the new tracer module (Roches and Fuhrer, 2012). In principle it
is highly desirable to treat all tracers alike, since this simplifies both the code and allows the user to
better understand how the tracers are being treated in the model code and where potential
problems might stem from. Since many of these “inconsistencies” for the microphysical water
species have arisen historically, the reasons for their introduction and their importance for the
current code version and implementations at the national weather services are often not known.
Thanks to the tracer module and the associated metadata functionality provided by this
development, the inconsistencies could be expressed clearly in the code (currently named “hacks”)
and are also easy to switch on and off. The current implementation in COSMO 5.0 replicates the
inconsistencies as they were in previous code versions. The inconsistencies are described in detail in
section 3.1.3 of Roches and Fuhrer, 2012.

Here, we aim at assessing the relevance of these inconsistencies in terms of model performance for
an extended time period and remove some of them if possible to ensure better consistency in the
tracer treatment and a more user-friendly COSMO model.

Experiment description

We have performed a standard surface verification (SYNOP) over a 3 months period for a set of
simulations using the standard verification package of MeteoSwiss (MOVERQ). The verification
period is from 13" of May 2013 at 12 UTC to 14" of August 2013 at 00 UTC. The set of simulations
comprises a reference simulation (operational COSMO-7) and a set of experiment simulations
running in parallel.



The reference simulation (denoted as OPR) is done with the code version and the configuration used
currently at MeteoSwiss for the operational runs of COSMO-7. The code version is based on COSMO
4.19 and the summary of the namelists used (YUSPECIF) is provided as separated file to this
document.

The experiment simulations are performed with the same input data and the same configuration
(same YUSPECIF) a part from the changes described below. The code version used is COSMO 4.27
(pre-release of COSMO 5.0 that was available in May 2013). The experiments are:

e WHR Same configuration as the operational

e NHR Same configuration as the operational but removing all the inconsistencies (“hacks”)
related to the Runge-Kutta dynamical core

e WHL Same configuration as the operational but using the Leapfrog core

e 2HL Same configuration as the operational but using the Leapfrog dynamical core and
removing all the inconsistencies (“hacks”) related to the Leapfrog core except for two. The
two inconsistencies kept are SP_ ADV_LF and MASSFLX CLP (see section 3.1.3 of Roches
and Fuhrer, 2012).

In the next section, the verification results obtained for the 4 experiments and the reference are
described.

The tested parameters are PS (Station pressure at barometer height), PMSL (Pressure reduced to
mean sea level), T_2M (Temperature at 2 m above ground level), TD_2M (Dew point at 2 m above
ground level), DD_10M (Wind direction at 10 m above ground level), FF_10M (Wind speed at 10 m
above ground level), CLCT (Total cloud cover), TOT_PREC12 (12-h precipitation sum (06-18 UTC and
18-06 UTC), VMAX_10M (Wind gusts at 10 m above ground level).

The computed scores are:

ME Mean Error (bias, average difference between model and observation)

MAE  Mean Absolute Error (average difference between model and observation, independent of sign)
STDE | Standard Deviation of Error (variability of error)

RMSE Root Mean Square Error (error independent of sign, more weight to larger deviations)

COR | Correlation

NOBS ' Number of valid observations

For some of the parameters, additional scores are computed:

FBI | Frequency bias
POD | Probability of detection
FAR | False alarm ratio

OF | Observed frequency



Results at a glance

All the scores are shown in Appendix A (total scores) and B (time series of the scores).
The same color code is applied through all plots:
e Black Observations
e Blue Reference simulation (denoted as OPR)
e Green Same configuration as the operational (denoted as WHR)
e Red Same configuration as the operational but removing all the inconsistencies
(“hacks”) related to the Runge-Kutta core (denoted as NHR)
e Orange Same configuration as the operational but using the Leapfrog core (denoted as
WHL)
e Pink Same configuration as the operational but using the Leapfrog core and keeping
only SP_ ADV_LF and MASSFLX CLP (denoted as 2HL)

For the Runge-Kutta dynamical core, no significant difference can be observed when comparing the
runs with the inconsistencies (green curves) and the runs without the inconsistencies (red curves).
This behavior can be observed for all scores. It thus means that the inconsistencies present in the
current COSMO code for the Runge-Kutta core have no (significant) impact on the results.

For the Leapfrog core, the results obtained with all the inconsistencies (orange curves) or with only
two of them (pink curves) are nearly identical. It means that all remaining inconsistencies have no
(significant) impact on the results.

An additional experiment has been performed for the Leapfrog core by removing all the
inconsistencies related to the Leapfrog core. This experiment was not successful: some significant
differences could be observed between the runs with and without inconsistencies (an example is
shown in Appendix C but with different color codes). The differences are due to the two
inconsistencies mentioned above: SP_ADV_LF and MASSFLX CLP. It is thus important to keep
these two inconsistencies in the Leapfrog core to ensure results that are consistent with previous
code versions.

Consequences for the COSMO code and proposition for
COSMO 5.1

Since all inconsistencies (“hacks”) but two (SP_ADV_LF and MASSFLX CLP) have no significant
impact on the results, we propose to remove all the code parts related to these inconsistencies.
The removal of these inconsistences corresponds to the removal of approximately 750 source code
lines in the files organize_physics.f90, src_tracer.f90, slow_tendencies.f90, src_advection_rk.f90,



src_tracer.f90, src_relaxation.f90, src_leapfrog.f90, src_slow_tendencies_rk.f90. It will also simplify
the workflow of the model due to the removal of several large IF-blocks in the code.

In summary, the proposed modification will remove unnecessary complexity in the code, making it
simpler to use and maintain. In case this proposition is supported by the WG2 chair and accepted by
the SMC, we can provide a version of COSMO 5.1 without these inconsistencies (“hacks”) to the
source code administrator.

Appendix A: Total scores for all lead times
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Mean Error for PMSL
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Mean Error for TD_2M
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Mean Error for DD_10M
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Mean Error for FF_10M
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Mean Error for CLCT
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Mean Error for TOT_PREC12
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its > Verification > SYNOP > E:

>hack3 > cmp OPR-T{@en NHR-7(@eu WHR-7/@eu WHL-7@eun 2HL-7(@eu> ALL TOT_PREC12 RMSE-COR
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FBI for TOT_PREC12

Modelle > Documents > Verification > SYNOP >

hack3 > cmp OPR-7@eu NHR-7@en WHR-7@en WHL-7(@eu 2HL-7@eu > ALL TOT_PREC12 FBI-OF
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Mean Error for VMAX 10M

Modelle > Documents > Verification > SYNOP > Experi > hack3 > cmp OPR-7@en NHR-T(@en WHR-7@eu WHL-7@eu 2HL-7(@en > ALL VMAX 10M ME-STDE
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Root mean square error for VMAX_10M

Modelle > D its > Verification > SYNOP > Experi > hack3 > cmp OPR-T@eu NHR-7@en WHR-T/@eu WHL-7@eu 2HL-7@en > ALL VMAX 10M RMSE-COR
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Appendix B: Time series of verification scores

ME and MMOD for PS

Modelle > D its > Verification > SYNOP > Experi > hack3 > cmp OPR-T/@eu NHR-7@eu WHR-T(@eu WHL-T/@eu 2HL-7@eu > 15-24 PS MEMMOD
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MAE and STDE for PS

Modelle > Dx its > Verification > SYNOP > E: I > hack3 > cmp OPR-7/@eu NHR-7@eu WHR-7@eu WHL-7(@eu 2HL-7/@eu > 15-24 PS MAE,STDE
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RMSE and COR for PS

Modelle > Documents > Verification > SYNOP > E: i > hack3 > cmp OPR-7@eu NHR-7/@eu WHR-T7@eu WHL-T@eu 2HL-7{@eu > 15-24 PS RM
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NOBS for PS

Modelle > D ts > Verification > SYNOP > Experit > hack3 > cmp OPR-7@eu NHR-7@en WHR-T7/@eu WHL-T@eu 2HL-7@en > 15-24 PS NOBS
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s 1y

and MMOD for PMSL

Modelle > Documents > Verification > SYNOP > Experi >hack3 > cmp OPR-7@en NHR-T@en WHR-7@en WHL-7@eu 2HL-T@eu > 15-24 PMSL ME,MMOD
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MAE and STDE for PMSL

Modelle > Documents > Verification > SYNOP > E: i > hack3 > cmp OPR-T@eu NHR-7@en WHR-T@eu WHL-7@eu 2HL-T@en > 15-24 PMSL MAE STDE
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RMSE and COR for PMSL

Modelle > Dy > Verification > SYNOP > Experi >hack3 > cmp OPR-7@eu NHR-T@en WHR-7@eu WHL-7@eu 2HL-T@eu > 15-24 PMSL RMSE,COR
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NOBS for PMSL

Modelle > D ts > Verification > SYNOP > Experir > hack3 > cmp OPR-7@eu NHR-7@en WHR-T/@eu WHL-7@eu 2HL-7@eu > 15-24 PMSL NOBS
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ME and MMOD for T_2M

Modelle > D¢ its > Verification > SYNOP > E: i > hack3 > cmp OPR-7/@eu NHR-7@eu WHR-T(@eu WHL-T@eu 2HL-7@eu > 15-24 T_2M ME ,MMOD
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MAE and STDE for T_2M

Modelle > D ts > Verification > SYNOP > Experir > hack3 > cmp OPR-7@en NHR-7@en WHR-7@eu WHL-T@eu 2HL-7@en> 15-24 T_2M MAE,STDE
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RMSE and COR for T_2M

Modelle > D > Verification > SYNOP > E: i > hack3 > cmp OPR-7@eu NHR-7@eu WHR-7@en WHL-7@en 2HL-T/@eu > 15-24 T_:
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NOBS for T_2M

Modelle > D > Verification > SYNOP > Experi > hack3 > cmp OPR-7@en NHR-7@en WHR-T@eu WHL-T@eu 2HL-7@en > 15-24 T_2M NOBS
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ME and MMOD for TD_2M

Modelle > D > Verification > SYNOP > Experit >hack3 >cmp OPR-7@en NHR-7@en WHR-7@eu WHL-7@eun 2HL-7@eun > 15-24 TD_2M
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MAE and STDE for TD_2M

Modelle > D its > Verification > SYNOP > Experi > hack3 > cmp OPR-7{@enu NHR-T@eu WHR-7@en WHL-7@eu 2HL-7/@eu > 15-24 TD_2. STDE
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RMSE and COR for TD_2M

Modelle > D its > Verification > SYNOP > Experir >hack3 > cmp OPR-7@en NHR-T@en WHR-7@en WHL-7@eu 2HL-T@en > 15-24 TD_2M RMSE,COR
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NOBS for TD_2M

Modelle > Documents > Verification > SYNOP > Experi > hack3 > cmp OPR-T@eu NHR-7@en WHR-7@en WHL-7@eun 2HL-T@eu > 15-24 TD_2M NOBS
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ME and MMOD for DD_10M

> hack3 > cmp OPR-T@en NHR-T@en WHR-7@en WHL-7@en 2HL-T@eu > 15-24 DD_10M ME,MMOD

Modelle > De¢ its > Verification > SYNOP > E:
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MAE and STDE for DD_10M

> hack3 > cmp OPR-T@eu NHR-7@en WHR-7@en WHL-7@eu 2HL-7@en > 15-24 DD_10M MAE STDE

Modelle > Dx its > Verification > SYNOP > E:
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RMSE and COR for DD_10M

Modelle > D ts > Verification > SYNOP > E:

>hack3 > cmp OPR-7@en NHR-7@en WHR-7/@en WHL-T(@en 2HL-7@eu > 15-24 DD_10M RMSE,COR
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Modefle > D > Verification > SYNOP > E: > hack3 > emp OPR-7@en NHR-7@en WHR-T@en WHL-7@en 2HL-7@en > 15-24 DD_10M NOBS
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ME and MMOD for FF_10M

Modelle > D ts > Verification > SYNOP > Experit > hack3 > cmp OPR-T@en NHR-7@en WHR-T@eu WHL-7@eu 2HL-7@en > 15-24 FF_10]

FF_10M: ME GPR—7®eu NHR—7@eu WHR—7@eu WHL—7@eu 2HL—7@eu
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2013-05—14 300 to 2013-08-14 0:00 15-24
FF_10M: MMOD OPR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu ZHL—7@eu, MOBE

WOBS.

PR 7dbau
HHR—T@eu
WHR=7@en
WH —7@eu
IHL-F@eu

MHOD, MOBS (/5)
-

hay 22 dun 12 Jul 03 Jul 24 Zug 14
o0 00 00 o
2013-05-14 300 to 2013-08-14 0:00 15-24

MAE and STDE for FF_10M

Modelle > D > Verification > SYNOP > Experi > hack3 > emp OPR-7@en NHR-7@en WHR-T@eu WHL-T@eu 2HL-7@eu > 15-24 FF_10M MAE STDE

FF_10M: MAE DPR—7@eu NHR—7@su WHR—7@eu WHL—7@su 2HL—7@eu

W —T@e0
ZHL-7eu

MAE (M/S)

vay 22 dun 12
oo 003

oF
25
+

Jul 03 Jul 24
9600 00:00 00
013-05-14 %00 to 2013-08—14 0:00 15-24

2
FF10M: STOE OPE—7@eu NHR—7@eu WHR—7@eu WHL—T7@cu ZHL—7@eu

OPR—7@eu
NHE—7tta0
WHR— 7@e0
WHL—T@eu
ZHL-7@eu

STDE (M/5)

hay 22 dun 12 Jul 03 dul 24 Aug 14
oo 00 i 00; 0000

3 0600
2013-05-14 300 to 2013-08~14 ©:00 15-24




RMSE and COR for FF_10M

> hack3 > cmp OPR-7@en NHR-T@en WHR-7@en WHL-T@eu 2HL-7@en > 15-24 FF_10M RMSE,COR

Modelle > D > Verification > SYNOP > E:
FF_1DM: RMSE OPR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu 2HL—7@eu
" " " OFF-7au
5 HHR =7 feu
WHR- 7@eL
WHL—7@eu
2HL-7dau
4

RMSE (M)

May 22 dun 12 Jul 03 Jul 24

G0 00500 000 :00
13-05—14 300 to 2013-08-14 0:00 15-24

FF_10M: COR OPR—7@eu NHR—7@au WHR—7@su WHL—7@eu 2HL-7@=u

1.0 T

F OPR-7@eu ]
[ HHR= 7054 ]
r bAZ78E ]
08— = —
=
5
2 0s
s e ]
I ]
5
s [ ]
= osl -
& o4 ]
s ]
02— —
ool L 7

Hay 22 dun 12 Jul 03 Jul 24
LGS 0000 oot 00:00
2013-05-14 300 to 2013-08—14 0:00 15-24

NOBS for FF_10M

Modelle > D > Verification > SYNOP > E:

W

> hack3 > cmp OPR-7@eu NHR-7@eu WHR-T@en WHL-T(@eu 2HL-7{@eu > 15-24 FF_10M NOBS

FF_10M: NOBS OPR—7@eu NHR—7@cu WHR—7@cu WHL—7@ecu ZHL—7@eu

1400 " GPR—T@eu
HHE =7 tan
WHR-78e0
1350 WHL—7@ey n
-7 I
il H
b d
L. 1300 [ i
H i
8 u|
1= 1]
@
&
3
2
1150
1100 . . L .
vay 22 dun 12 Jul 03 i 24 Aug 14
k00 000 o000 00:00 0600

2013-05-14 %00 to 2013-08-14 (00 15-24




ME and MMOD for CLCT

Modelle > D its > Verification > SYNOP > Experit > hack3 > cmp OPR-7@en NHR-7@en WHR-T/@eu WHL-7@eu 2HL-7@en > 15-24 CLCT ME,MMOD

CLCT: ME OPR—7&eu NHR—7@eu WHR-7@eu WHL—7@eu 2HL—7@=u
T T T

ME (%}

—20

May 22 dun 12 ul 03 ul 24 Aug 14

o 00:00 G0:06 00:00 5,
2013-05-14 3:00 to 2013-08-14 0:00 15-24

CLCT: MMOD OPR—7@eu NHR—7@su WHR—7@eu WHL-7@=u ZHL-7Beu, MOBS

100

WHL—J@eu
2HL=Tdeu

MNOD, MOBS (%)

MAE and STDE for CLCT

Modelle > D ts > Verification > SYNOP > Experir > hack3 > cmp OPR-7@en NHR-7@en WHR-T/@eu WHL-7@eu 2HL-7@en > 15-24 CLCT MAE,STDE

CLCT: MAE DPR—7@su NHR—7@eu WHR—7@eu WHL—7@eu 2HL—7@eu
T T

€
S
ES
0 L . L .
vy 22 dun 12 Jul 03 dul 2 a4
ed00 00:00 oe:00 00:00 00:00
2013-05-14 300 to 2013-08—14 %00 15-24
CLCT: STDE OPR—7@eu NHR—7@=u WHR—7@eu WHL—7@=u 2HL—7@eu
s0E T T T T 5
s0E-
40
&
E 30

20E-

biny 22 dun 12 Jul 03 dul 74 Aug 1
Ghou 00 o000 100
2013-05-14 %00 to 2013-C8—14 000 15-24




RMSE and COR for CLCT

Modelle > D« its > Verification > SYNOP > Experi > hack3 > cmp OPR-T@eu NHR-7@en WHR-T@en WHL-7@eu 2HL-7@en > 15-24 CLCT RM

CLCT: RMSE OPR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu ZHL-7@eu
" j PR 7w
i

RMSE (%)

WE-
0 L L L L
biy 22 dun 12 Jul 03 Jul 24 Aug 14
G0 00:00 0000 00:00 oo
13-05-14 300 to 2013-08-14 000 15-24

CLGCT: COR OPR—7@eu NHR—7@su WHR—7@eu WHL—7@eu ZHL—7@su

GPR—7@eu
HER-7050
i

COR (Coralation)
-
T

biy 22 dun 12 Jul 03 dul 24 Aug 14
i 00:00 i 100 o0

9600
2013-05-14 300 to 2013-08-14 0:00 15-24

NOBS for CLCT

Modelle > Documents > V ation > SYNOP > Experi > hack3 > cmp OPR-7@eu NHR-T{@en WHR-7@en WHL-T@eu 2HL-7@eu > 15-24 CLCT NOBS

CLCT: NOBS DFR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu ZHL—7@eu
i ' 0F'R*7@‘eu

200

700

S

NOBS (Cases)

500

400 L L ' L

du 12 Jul 03 Jul 24 Aug 14
2 2 00:00 oct00




FBI and POD for CLCT

Modelle > Documents > Verification > SYNOP > Experi > hack3 > cmp OPR-T@en NHR-7@en WHR-T@en WHL-7@eu 2HL-7@en > 15-24 CLCT FBLPOD

CLOT: FBI30) OPR—7@eu NHR—T@eu WHR—7@eu WHL—7@cu ZHL—7@eu
j j SRR —7@u

HHR= 7m0
WHR=7dden
25 WH —7@eu
ZHL=7deu
g 20
=
215
4
[
10§
0s
hay 22 dun 12 ul 03 ul 24 Aug 14
000 00:00 =00 00:00 at00
2013-05-14 300 to 2013-08-14 0:00 15-24
CLCT: POD(30) OPR-7@su NHR—7@=u WHR—7@eu WHL—7@eu ZHL—7@eu
1.0 A T y
DA Y A 5 1k PR
08
g
208
=
3
o4
&

Jul 03 dul 24 Aug 14
- 00:00 oo

hiy 22 dun 12
odhdo 00:00 000
2013-05-14 300 to 2013-08-14 0:00 15-24

FAR and OF for CLCT

Modelle > Documents > Verification > SYNOP > Experir > hack3 > cmp OPR-7(@en NHR-7@en WHR-T@en WHL-T@eu 2HL-7@en > 15-24 CLCT FAR,OF
CLCT: FAR(30) OPR—7@eu NHR—7@su WHR—T@su WHL-7@su ZHL-7@su
e j ! j GPR-7@eu B
0.8 —
g o6 —
= ]
pan |
= 04 —
0.2
0.0 ; . A
Way 22 Jn 12 Jul 03 ul 24 g 14
o0 00:00 00:00 00:00 ool
2013-05-14 300 1o 2013-08-14_0:00 15-24
CLCT: OF(30) OPR-7@eu NHR—7@eu WHR—7@eu WHL—7@eu 2HL—T@eu
v y j j OPR-7@eu N
iR~ 7@e0 ]
HR=7 el
WH —zaeu B
0.8 il —
I
o B
= ]
o |
5 -
0.0l . . 1
May 22 & 12 ul 03 ul 24 g 14
iy 00:00 : 00:00 oo

2013-05-14 %00 1o 2013-08-14 0:00 15-24




ME and MMOD for TOT_PREC12

Modelle > D its > Verification > SYNOP > Experi > hack3 > cmp OPR-Ti@en NHR-7@en WHR-T@en WHL-7@eu 2HL-7(@eu > 15-24 TOT_PREC12 MEMMOD

TOT_PREC12: ME OPR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu ZHL—7@su
T T T
OPR-T@eu
@
WHA- 7@eu
WHL—7@2u
ZHL—7@eu

ME {KB/ bes2)

L L
May 22 dun 12 dul 03 Jul 24
08:00 00:00 00:00 o0:00
2013-05-14 6:00 to 2013-08-13 18:00 15-24
TOT_PREC1Z: MMOD OPR—7@eu N

MO, MOBS (KC WenZ)
-

Hay 20
08:00 00:00

2013-05-14 600 to 2013-08-13 15:00 15-24

MAE and STDE for TOT_PREC12

Modelle > D its > Verification > SYNOP > Experir > hack3 > cmp OPR-7@eu NHR-T{@en WHR-7@eu WHL-7@eu 2HL-T(@eu > 15-24 TOT_PREC12 MAE,STDE

TOTPREC1Z: MAE OPR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu ZHL—7@eu

OFR—7@eu
HMHE=7aau
WHR—7@eu
WHL—=T@eu
ZHL—7@eu

MAE. (K /w2y

Way 29 dun 12 Jul 03 Jul 24
ka0 00:00 00:00 o0:60

2013-05—14 &00 to 2013-08-13 1800 15-24
TOT_PREG12: STOE OPR—7@au NHR—7@su WHR—7@eu WHL—7@=0 2HL—7@eu
! i i OPR-7@eu

STRE (KG/ M)

L L
ey 22 dun 12
000 00:00

2013-05—14 600 to 2013-08-13 13:00 15-24




RMSE and COR for TOT_PREC12

Modelle > D¢ its > Verification > SYNOP > E: i > hack3 > cmp OPR-7@eu NHR-7@eu WHR-T@eu WHL-T@eu 2HL-7@eu > 15-24 TOT_PREC12 RMSE,COR

TOTPREC12: RMSE OPR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu ZHL—7@eu
1aE " " " PR 7@
i

RMSE (KG/wZ)

L L L L
vay 22 dun 12 Jul 03 dul 24
ad0T 00:00

00:00 Go:00
2013-05-14 6:00 1o 2013-08—13 18:00 15-24
TOT_PREC12: COR OPR—7@eu NHR—7@eu WHR—7@cu WHL—7@eu ZHL-7®eu
o j j j SRR 7deu
E THR =T
WHR=7deu
WH = @en

ZHL-Tdeu

COR (Correlation}

May 22 dun 12 Jul 03 Jul 24
[ 00 ;i 2000

i 00:00
2013-05-14 5:00 to 2013-08-13 18:00 15-24

NOBS for TOT_PREC12

Modelle > D its > Verification > SYNOP > Experi > hack3 > cmp OPR-7@eu NHR-7@eu WHR-T@eu WHL-T@eu 2HL-7@eu > 15-24 TOT_PREC12 NOBS
TOTPREC1Z: NOBS OPR—7@eu NHR—7@eu WHR—7@eu WHL—7@ecu ZHL—7@eu
1260 " " " OPR-7eu B
et
1240 WHL—7@ef 5
HL—7me) i
i L
1220 [ f
= H L
7 o 7
7 1200} —
8 I
& 1180 =
3
g
1160 -
140 =
1120 . . . . ]
ey 22 aun 12 Jul 03 Jul 2+
Lt 6000 9:00 60:60

2013-05-14 600 to 2013-08-13 18:00 15-24

FBI and POD for TOT_PREC12

Modelle > D ts > Verification > SYNOP > Experit > hack3 > cmp OPR-T@en NHR-7@en WHR-T@en WHL-7@eun 2HL-7@eu > 15-24 TOT_PREC12 FBLPOD

TOT_PREGC1Z: FBI(0.1) OPR—7@=u NHR—7@eu WHR—7@eu WHL—7@eu 2HL—7@eu

1 F OPR*?@‘W —
L NHR—7 a0 .
WHR—7@eu
C WHL—7@eu B
a— ZHL-7ideu —
E s -
é L 4
BT 7
WL 3
o . . . .
May 22 Jun 12 Jul 03 Jul 24
O&OD 00:00 000 o000
2013-05-14 6:00 to 2013-08-13 18:00 15-24
TOT_PREC12: F‘OD(D 1) OPR—7@au NHR—7@su WHR—7@eu WHL—7@eu ZHL—7@au
e ! ' ' OPR—?ﬂ‘eu
NHR—7@au
! WHR—7Beu
Y I Y it
0.8 HL—7 ey
g
Z 0E
s
§ 0.4
02
) . . . .
MGJ 22 Jun 12 Jul 0 Jul 24
Q000 0000 0:00 ©0:00

2013-05-14 6:00 to 2013-08-13 18:00 15-24



FAR and OF for TOT_PREC12

Modelle > D its > Verification > SYNOP > Experir >hack3 > cmp OPR-7@en NHR-T@en WHR-7@en WHL-T(@en 2HL-7@eu > 15-24 TOT_PREC12 FAR,OF

TOT_PREC1Z: FAR(Q.1) OPR—7@eu NHR—7@eu WHR—7@eu WHL-7@eu ZHL-7@eu

FAR(O.1) [FAR)

0.0 L L ' L
May 22 dun 12 Jul 03 dul 24
[ 00:00 00:00 00:00

2013-05-14  6:00 to 2013-08-13 18:00 15-24
TOT_PREC1Z: OF(0.1} OFR—7@eu MHR—7@eu WHR—7@eu WHL—7@eu ZHL—7@=u

08 i i ! ‘PR 7@eu 4
NHR =70

= WHR-T@en -

H.—@eu 4
HL—7@eu

OF(e.1} (OF)

Hay 22 dn 12 Jul 03
G000 00:00 00:00 ©0:00
2013-05-14 6:00 to 2013-08-13 1800 15-24

ME and MMOD for VMAX_10M

Modelle > D > Verification > SYNOP > Experi > hack3 > cmp OPR-7@eu NHR-7@en WHR-T/@eu WHL-7@eu 2HL-7@eu > 15-24 VMAX_10M ME,MMOD

WAX_10M: ME OPR—7@ecu NHR—7@eu WHR—7@eu WHL-7@eu ZHL—7@eu

v
o
Z 0
v |
= [
sl -
.
May 22 dun 12 Jul 03 Jul 24 g 14
vy Go:o G0:00 00:00 ation
013-05-14 6:00 to 2013-06-14 0:00 15-24
VMAX_10M: MMOD OPR—7@eu NHR—7@ecu WHR— WHL—7@eu ZHL—7@eu, MOBS
25 T T T

B
S RN

MMOD, MOBS (M/5}

Jun 12 Jul 03 dul 24 Aug 14
B 00:00 O%oe

May 20
fets oo Q000 B
2013-05-14 6:00 to 2013-08—14 0:00 15-24




MAE and STDE for VMAX_10M

Modelle > D its > Verification > SYNOP > Experi > hack3 > cmp OPR-Ti@en NHR-7(@en WHR-7@en WHL-7@en 2HL-7@eu > 15-24 VMAX_10M MAE,STDE

VMAX_1OM: MAE OPR—7@su NHR—7@eu WHR—T@eu WHL—7@su ZHL—7@su

i
WHL 7@y 4
ZHL—7 ey

MAE (M/S)

0 L L ' L
hiay 22 Jun 12 Jul 03 dul 24 Aug 14
o0 o0 00:00 00:00 o
2013-05-14 600 to 2013-08—14_0:00 15-24
WWAX_10M: STDE OPR—7@eu NHR—T7@eu WHR—T7@eu WHL-7@eu ZHL—7@eu
T T T T

STDE (H/S)

May 22 Jun 12 Jul 03 Jul 24 Aug 14
0000 C0:00 00:00 00:00 e
2013-05-14 600 to 2013-08-14 0:00 15-24

RMSE and COR for VMAX_10M

Modelle > Documents > Verification > SYNOP > Experi > hack3 > cmp OPR-7@eu NHR-T@eu WHR-7@en WHL-7@eu 2HL-T7@eu > 15-24 VMAX 10M RMSE.COR
¥MAX_10M: RMSE OPR—7@eu NHR—7@eu WHR—7®@su WHL—7@eu 2HL—7@eu
r ) j j OFR-7@eu i
————— b Taem - - - - - = b -

s ZHL—F@au
z
3
i
@
=
=
w
o]
z
&

hay 02 dun 12 Jul 03 ul 24 Aug 14
Oon 0000 00:00 00:00 00
2013-05—14 6:00 to 2013-08—14_ 000 15-24
YMAX_10M: COR OPR-7@su NHR—7&su WHR—78su WHL—7@su 2HL-7@au

e j j j OPR-73eu

HHR— 7220

WiR— 782

08

COR (Correlation)
-

FI|

May 22 Jun 12 Jul 03 Jul 24 Aug 14
ad.oe 00:00 00:00 00:00 0C:00
2013-05-14 600 to 2013-08—14 ©:00 15-24

NOBS for VMAX_10M

Modelle > Documents > Verification > SYNOP > Experi >hack3 > emp OPR-7@en NHR-T@en WHR-7@en WHL-T@eu 2HL-T7@en > 15-24 VMAX_10M NOBS

@eu

s OFR-Tdeu 3
RHE— 70

450~ WH —T@e0 3
ZHL-7deu

WYMAX_10M: NOBS OFR—7@eu NHR—7@eu WHR—7@eu WHL—7@eu 2HL—

NBS {Cases)
s
g 8

w
3

L L L
biay 22 Jun 12 Jul 03 Jul 24
fE o000 00:00 00:00

2013-05-14 600 to 2013-08—14 0:00 15-24




Appendix C: Total scores for TOT_PREC12 including
the removal of all inconsistencies in the Leapfrog core

e > Documents > Verification > SYNOP > Experiments > hack? > cmp OPR-7@eu OPL-7{@en NHR-7@eu NHL-7@eu W

E OPR—7@zu ICJF'L 7By NHR TReu NHUGTEHEW—WM PR 7@=u GHL T82u NHR- ?@eu NHL— ?@eu WHE—7@eu W

o OPR-7®eu 3 L MOES
E OFL—78eu E | OFR—7®eu
NHR—T8=u E OFL—T&eu

MNHL—7 ey E 1.5 = ey 1

0.5F W—mw E L HFL—
E E | WHE— T e

&

g E IHL—Féeu E o

- 0IF E 1

£ 3 3 S p——_8——=F E——0H
F b E 1.0 ———— f——
o T E E m

o E = m

3 E g

I E o

g ¢ g

w =

=

|
=3
T
IRRTETE [RTRRTRTR] RRTET]

=3
[
T
1

_02EF — - — — - = = = - = —— —
1 1 1 3 no 1 1 1
03-12 27-38 g1—60 03-12 a7-38 S1—60
Lead—tima range [h} Lead—tirma range [h)
2013-05-18 60D to 2013—-0d—13 1800 2013—05—18 6GCD to 2013—-08—135 13:0
E DPR-78eu DPL—7®eu MHR—7&eu NHL—?WM+E@EEDEWPFF—@E&&EI—MPE@B@% NHR 7@eu NHL— ?@eu WHR ?@eu
2.0
L I uPIR—mcu E ; UPR TPeu E
L OFL—7@ezu 4 E OPL—T8euy
§ eF HHR— 71
E HHL—7 e
r E WHF—
1.8 -1 F 3
L BE

X/x———x’/?ﬁ'-'—?@“ E

Lx
T[T T
|

MAE [KG /Me2)
5
T
1
STGE (KG/ Mex2)
-
T
IEETETR TR IRTRTRATHI|

L ] 2 E
0.5~ -1 E
1E 3
0o [ 1 1 1 ] ok 1 1 1
03-12 1738 J1—60 03—12 1738 J1—60
Lead—tima range [h] Lead—tima range [h)
20153-05—18 &00 to 20130415 18:00 2013-05-14 GO to 2013-08—13 18:00
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