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Data

Input data

• ERA5 reanalysis2 as ICBC (0.25° grid).

• Updated in WRF every 6 hours.

Observational data

• E-OBS3 (v23.1e) daily observational
dataset (0.1° grid).
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Model (WRFv4.21) Simulation setup

Simulation results – precipitation

Variable parameterizations according to the large-scale weather situation

Monthly total precipitation

Acronym Δx Microphysics
Cumulus

convection
PBL, 

surface layer
Land-surface SW, LW radiation

CRES 50 km Thompson4 Kain–Fritsch (KF5)
Yonsei University 

(YSU7), Revised MM58 Noah–MP9 RRTMG10

KF_YSU 10 km Thompson KF
YSU, 

Revised MM5
Noah–MP RRTMG

KF_MYJ 10 km Thompson KF
Mellor–Yamada–Janjic

(MYJ6),
Eta Similarity6

Noah–MP RRTMG

BMJ_YSU 10 km Thompson
Betts–Miller–
Janjic (BMJ6)

YSU, 
Revised MM5

Noah–MP RRTMG

BMJ_MYJ 10 km Thompson BMJ
MYJ, 

Eta Similarity
Noah–MP RRTMG

EXP_YSU 10 km Thompson
Explicit (no 

cumulus scheme)
YSU, 

Revised MM5
Noah–MP RRTMG

VAR 10 km Thompson

Variable
according to the
synoptic weather

situation
(see below)

YSU, 
Revised MM5

Noah–MP RRTMG

Domains

Summer (JJA) 
precipitation bias

Investigation area

• One-way nesting.

• Outer grid: Δx=50 km

• Inner grid: Δx=10 km

• Simulation start time: 01 July 2005, 0000 UTC; end time: 01 Jan 2011, 0000 UTC

• Non-hydrostatic dynamical core

• 61 model levels (σ–p)

Δx=50 km -> Δx=10 km

CRES KF_YSU

BMJ_MYJ EXP_YSU
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KF_YSU KF_MYJ BMJ_YSU BMJ_MYJ VAR

R 0.28 0.27 0.32 0.31 0.32

1. Categorizing each day into

cyclonic/anticyclonic flow pattern at
two atmospheric levels

• Based on relative vorticity at
950 and 500 hPa

• Calculated from the CRES run
over Central Europe

Example: cyclonic flow at 500 hPa (Central Europe)

Example: anticyclonic flow at 500 hPa (Central Europe)

2. Calculating statistical measures

(R, ME, MAE, RMSE) for each large-
scale flow pattern separately

3. Evaluating WRF simulations

conditioned on the weather
patterns – is there a scheme that
performs systematically better in a 
particular synoptic situation?

Mostly no

Slight differences in R (Pearson’s
correlation) for the case when

anticyclonic flow dominates both at
950 and 500 hPa:

Slightly better correlation in the case of the BMJ cumulus scheme for anticyclonic flow

Model run „VAR” initialized with the BMJ scheme for days with 
anticyclonic flow at both the 950 and 500 hPa levels, KF otherwise

There is no cumulus or boundary layer parameterization that systematically 
performs better under a given large-scale flow pattern (cyclonic/anticyclonic)

KF_YSU BMJ_YSU VAR

• The resolution refinement
mitigates the dry bias in 
summer and the wet bias
in winter in most areas

• Turning off the cumulus
scheme at Δx=10 km 
leads to a significant
precipitation deficit in 
summer

• Using the BMJ scheme
instead of KF also results
in an extensive dry bias
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