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« A set of "coupling-strength" diagnostics is presented for use in the
evaluation and development of Earth System Models.

* These diagnostics are used to link an Arctic-wide warm bias in the

ECMWEF operational model to the use of a single-layer snow
model.

* They are used to demonstrate that a multi-layer snow model
improves this by reducing the coupling-strength to the land-surface.
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Warm bias in forecasts of cold conditions are a common issue

ECMWEF Mean error in TMIN T2m: Sodankyla, Finland T2m Summit, Greenland
TMIN, RUN=00, STEP=048, ME (K), exgv=1
-17.9824 -5 -2.5 -1.25 1.2 5 5 12.3034

tas (ME=1.7, STD=3.87, RMSE=4.22) tas (ME=1.7, STD=5.09, RMSE=5.36)
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Partitioning temperature errors into 1) radiative forcing errors and 2) response to forcing
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Near-surface temperature and SEB are driven by incoming radiation
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See also :Miller et al. (2017; Pithan et al. (2014) & Stramler et al. (2011).
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Single layer Multi layer
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Improvement in T2m scores and T2m
Sodankyla

tas (ME=1.7, STD=3.87, RMSE=4.22)
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Driving and response terms in the Surface energy budget APPLICATE.eu

Advanced prediction in
polar regions and beyond

Surface Energy Budget
SWior + LW L= —(SHF + LHF + GHF — LW 1)
Net SW LW down LW up Sensible Latent
—LW T= apy (LW L +SWoer) + Brwt, lII I I
SHF = dgyye (LW L +SWoet) + Bsur |
LHF = @y .. Conc

Provides a way to categorise coupling at
different sites (along the lines of the Bowen

1= Gsur + Arup + Aour Tyt e ratio), in different regimes, and modelling
diagnostic:

i.e. coupling to atmosphere is greater than
coupling to sub-surface:
|@sur + arur| >| agurl
See also Miller et al. (2017 and 29018)
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SEB coupling strength: Sodankyla
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SEB coupling strength: Summit
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« Systematic near-surface temperature errors can be understood by splitting
and analysing separately errors in radiative forcing and errors in the near-
surface and surface temperature response to radiative forcing.

« Systematic errors in the response of surface temperature to radiative
forcing can be understood by analysing the coupling strength between
radiation and energy balance terms:

— Coupling strength to sub-surface is too high: |@gur, 4| > |%cHF,,,]

— Coupling strength to atmosphere is too high: |@syr,, ; + ALur, 4| > |AshF,, T ALnF,,,

* Adding the multi-layer snow reduces |agyr, .| 1-€. the coupling strength
between the radiation and the GHF, which increases the surface temperature
sensitivity.

This study has been submitted to Journal of Advances in Earth System

Modeling, and a preprint is available here:
https://www.essoar.org/doi/10.1002/essoar.10502951 .1
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