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High-resolution experiments over the Alps and the
Tibet-Himalaya region: Surprises and lessons learnt
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Motivation / Background e s E

= First global convection-permitting experiments (conducted in 2021)
Indicated —among other things — substantial quality problems over the
Tibetan Plateau

= This motivated more detailed investigations using multi-step nesting
down to 1.6 km over the Tibet-Himalaya region

= For the Alpine region, there are multiple motivations to consider higher
resolution (~ 500 m)

» TEAMx —for which DWD plans to provide dedicated forecasts
» GLORI-Alps — our Digital Twin project complementing DestinE

» |ICON-DO5 — DWD'’s plan for higher-resolution operational forecasts for
Germany
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Wind speed profiles; 29-35N, 85-105E;
January 2021, 00-UTC forecasts
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January 2021, 00-UTC forecasts

Temperature profiles; 29-35N, 85-105E;
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Note: the diurnal cycle bias of FF and T is in phase opposition!
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= There is an apparent lack of (parameterized) wave drag in the middle
troposphere, which motivated a retuning of the SSO scheme in the
operational configuration (not discussed here)

= The wind profile at the lower edge of the jet exhibits a remarkably large
diurnal cycle that is largely missed by the model

= The reason for this error is unclear — also because the temperature bias is
In anti-phase with the wind profile bias

= As will be shown on the subsequent slide, both biases get further
aggravated with increasing model resolution
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= The growth of the forecast errors with increasing model resolution can be reduced by
(strongly) increasing the SSO tuning parameters, and an additional experiment with
interpolated SSO parameter fields (from 13 to 6.5 km) showed almost no degradation
over Tibet (with unchanged tuning parameters)

= This leads us to the hypotheses that

» increasing the SSO tuning parameters partly compensates the implicit resolution-dependence
of the SSO parameter fields (subgrid slopes, standard dev. etc.)

» Resolving the vertically propagating part of the GW spectrum (which is the case at 1.6 km) is
not sufficient to get the wave — mean-flow interaction right

» Rotors that may form beneath the crests of trapped waves are still unresolved in km-scale
models, and the related turbulence acts similar to breaking GWs

» Moreover, low-level wave breaking is also possible for initially vertically propagating GWs that
afterwards get trapped by the tropopause jet

» Both features still need to be parameterized in some way, maybe until reaching LES scales

> We hope to get further insight into this issue from the TEAMx campaign
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= Refining the mesh size from 2 km to 500 m tends to improve the model skill in various
aspects

» Reduced overestimation of high precipitation intensities (> 10 mm/h)

» However, local intensity peaks get even higher

Start time:  17.08.2023 12:00 UTC TeamX, N2, 11663, det ICON-AOQ5 Stort time:  17.08.2023 12:00 UTC ICON-D2 Routine, TeamX N2 area (det) ICON-D2 (SU bd )
Forecast time: 17.08.2023 17:00 UTC Forecast time: 17.08.2023 17:00 UTC )
Total precipitation [mm/1h] (shaded) Geopot. at 700 hPa [gpdm] (dist. isol. 1000000000.0 Total precipitation [mm/1h] (shaded) Geopot. at 700 hPa [gpdm] (dist. isol. 1000000000.0 gpdm)

Totprec: Mean: 0.686328 Min: 0 Max: 119.086 Sigma: 3.32816 stprec: Mean: 0.743683 Min: —0.00195312 Mox: 96.6992 Sigma: 3.94681
FI700: Mean: 317.138 Min: 315.637 Max: 319.12 Sigma: 0.452891 1700: Mean: 317.107 Min: 315.649 Max: 318.421 Sigma: 0.511645
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Score Value
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= Refining the mesh size from 2 km to 500 m tends to improve the model skill in various

aspects
>

on the time period, and results for TD2M (dew point) and RH2M are contradicting
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= Refining the mesh size from 2 km to 500 m tends to improve the model skill in various
aspects

» Better representation of wind maxima / gust at mountain crests

2023.12.01-04UTC - 2023.12.31-21UTC
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= However, there are also several issues needing further consideration

» Although the restriction of strong wind gusts to mountain peaks / crests is much better at 500 m
than at 2 km, local extrema are way too high (145 m/s in the south foehn case displayed below)

Start time: 19.10.2023 12:00 UTC TeamX, N2, 11663, det Start time: 19.10.2023 12:00 UTC ICON-D2 Routine, TeamX N2 area (det)

Forecast time: 20.10.2023 13:00 UTC ICON'A05 Forecast time: 20.10.2023 13:00 UTC ICON'D2 (SU bd )
max |v| in 10 m [m/s] (shaded) MSL Pressure [hPa] (dist. isol. 2.0 hPa) max |v| in 10 m [m/s] (shaded) MSL Pressure [hPa] (dist. isol. 2.0 hPa)
48N 1 32.7
28.5
47.7N
245
47.“' 20.‘
ATANY 17.2
- 13.9
46.8N
1 £ T : & k % 10.8
48.5N 185 ¢ : .‘ % ' ‘ ° n- W
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vita 10m:  Meow: 125122  Min: O Mo 145,316 Sigwe: 8.52501 max_10m:  Mean: 14.5684  Min: 0.714334 Max: 67.0503 Sigma: 9.56623
PMSL: Mean: 987.146 Min: 974.486 Max: 997.593 Sigma: 4.20272

'MSL: Mean: 987.176 Min: 976.609 Max: 997.394 Sigma: 4.33534
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= However, there are also several issues needing further consideration

>
>

PBL due to double-counting issues with ‘permitted large eddies’
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= Further findings related to the nocturnal temperature bias difference

>

Interpolating the model orography from 2 km to 500 m removes the bias difference (left)

» Reducing parameterized turbulent mixing over sloping terrain reduces the bias difference

(right)
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= Tuning changes / model improvements developed and implemented so far

>
>

Slightly increased orography filtering

Reduced parameterized turbulent mixing over sloping terrain, combined with reduced transfer
resistance for surface fluxes

Reduced SSO source term for TKE
Turn off sub-grid-scale condensation heating at 500 m

Reduced distribution width in subgrid-scale cloud cover near the surface (to avoid excessive
fog formation)

Revision of resolution-dependence of tuning parameters in convection scheme (shallow
convection is still active at 500 m)

Under investigation
Reduced snow albedo over steep slopes

Time-filtered 10-m winds as input for gust diagnosis
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Summary Deutscher Wetterdienst E

Resolving the vertically propagating part of the GW spectrum by no means guarantees
that the vertical profile of momentum exchange with the mean flow is correct

In particular, the SSO/GWD parameterization continues to be needed at much finer
resolutions than one would intuitively expect

Further investigations — and observational data — are needed to see which mesh size we
need to fully resolve orographic GWD

Going down to 500 m has obvious benefits in mountainous regions because the
orography is better resolved

However, permitting / partly resolving slope flows and large turbulent eddies leads us
Into the next gray zones




