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Searching for added values
● Reflections on verifications  
● On configuration of sub-km scale NWP

○ DA & LBC

Xiaohua Yang, DMI

Operational 750 m forecast @DMI
(DE330 Report D330532)

(Courtesy J Calvo et al, 2024)



What hides behind the verification scores? 

Harmonie-2.5 km (red)  vs ECMWF HRES (green):  equally bad wind bias!
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HRES 9 km
Harmonie 2.5 kmNarsarsuaq



What hides behind the verification scores? 

 ... daily positive (2.5 km) or negative (9 km) bias errors at similar magnitude
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HRES 9 km
Harmonie 2.5 km



HRES 9 km
Harmonie 2.5 km
Observation

Harmonie-2.5 has a very good skill to forecast strong wind, albeit a 
bit excessive. HRES-9 on the other hand has too weak wind.

What hides behind the verification scores? 
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HRES 9 km
Harmonie 2.5 km
Observation

Better skill in detecting import events is not always awarded by verification scores.
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phase error penalty!

What hides behind the verification scores? 
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What hides behind the verification scores? 

HRES fails to predict strong winds. Harmonie-2.5 captures storms albeit with
intensity and phase. Part of the trend in overprediction are associated with phase errors.

HRES 9 km

Harmonie-2.5 km
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What hides behind the verification scores? 

HRES-9km
Harmonie-2.5 km
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Challenges with sub-km NWP verification

One of the fundamental challenges with hectometric scale verification is the mismatch between 
resolved scales by observation network (1-1000, ~10³) and by models (1000x1000, ~10^6)



Wind forecast from a 
750 m HARMONIE-AROME
Centered around Tasiilaq, 
Greenland, Jan 31 2017

5 km
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Importance with delivery time 

MSLP errors of ECMWF HRES forecast along lead-time, Jan 2023

Background: NWP forecast quality deteriorates along lead-time
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Update 
frequency

Data Age + 
Lead-time

Quickest delivery scenario Slowest delivery scenario

Time 
point

Base 
time

Data 
age

Time
point

Basetime Data 
age

DK750, 
nowcasting

24+/day 1h + 13 12 1h 13 12 1h

DMI-COMEPS 24/day 3h + 15 12 3h 15 12 3h

UWCW-DINI 8/day 3h + 15 12 3h 15 12 3h

ECMWF  BC 4/day 7 - 12h + 19 12 7h 18 06 12h

EC HRes 2/day 7 - 18h + 19 12 7h 18 00 18h

● LAM forecasts (DK750, COMEPS, DINI) are typically delivered within 1 to 3 h with 1-3 h updates
● ECMWF HRES typically delivers within 6h
● NWS users access LAM forecasts with 3h delay, and ECMWF forecasts with 7 to 18h delay

Forecast data availability at DMI (NWS)
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NEA
ECH

DMI-NEA
ECH, 3h offset
ECH, 15h offset

Comparison with same base-time Comparison between available forecasts

Verification taking into account delivery time 
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Comparison with same base-time Comparison between available forecasts

Verification taking into account delivery time 

DMI-NEA
ECH DMI-NEA

ECH, 3h offset
ECH, 15h offset



Sub-km NWP in DEODE 

● grid in 500 m- 750 m, also 200m
● run on EuroHPC on hybrid CPU-GPU
● on-demand configurable with downscaling
● end-user tailored output portfolio
● unified DEODE prototype system with 

CICD pipeline 
● coupling to global DT at 4.5-2.8 km once 

per day
● Cold start. Offline surfex in development 

but with no upper air DA

Xiaohua Yang, ACCORD ASW 2024,  17 Aug,  Norrköping, Sweden

operational NWP in ACCORD

● grid in 1 to 2.5 km
● run on CPU at home HPCF
● fix model configuration with continuous 

cyclingend-user tailored output portfolio
● ACCORD releases with operational adaptation and 

diverse scripting system
● coupling to HRES or Arpege with 6h update, or 

double nesting
● continuous data assimilation cycling
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LBC update and DA cycling 
Numerical experiments are set up to examine
● Implication of infrequent LBC update with use of global DT
● Role of upper air 3DVAR in light of the infrequent LBC update

3840kmx3240km
(UWC-W DINI DOMAIN)

1600kmx1600 km 

1200kmx1200km

600kmx540km

800kmx800km

(DE330 D330372 report)



3840kmx3240km
(UWC-W DINI DOMAIN)
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MSLP error along leadtime, Jan 2023
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3DVAR, 24h LBC update no 3DVAR, 24h LBC update3DVAR, 6h LBC update
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DINI, Jan 2023
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Summary and conclusions

● Need for stratified verification
● LAM added values may not be fully reflected by skill scores: additional 

features,  timeliness, update frequency... ...
● It is LBC, stupid!
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