The use of supersite data for process-oriented forecast evaluation at ECMWF
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Supersites vs SYNOP Process-oriented diagnostics Example 2: show on sea ice

Recent years have seen an increase in the use of supersite data at Diurnal cycle of temp Diurnal cycle of SWdown Field campaigns, involving drifting observatories on sea ice (such as SHEBA and N-ICE2015)
ECMWF to enhance evaluation activities and provide insights into the . —— Swdown perform a critical function allowing us to test different coupling options for the sea ice.
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surface processes to achieve ECMWFs main goal of continuously improve j 50 250 250 ght 50 O 250
medium-range forecast skill for the benefit of its Member and Co-operating 225 - 225 - ! 225 -
States. This work has been supported by the EU’s Horizon 2020 | 7 y 200 - 200 - 200 -
programme which funded APPLICATE and INTERACTIII. | , 175 175 175 -

Meteorological observatories, or supersites, are locations where a broad 150 4 150 4 150 -
range of variables are observed to address scientific challenges in S | ' 1257 1237 1227

atmospheric science. Many more variables are measured compared to the ’ ! 100 100 100

typical weather station contributing to the WMO’s surface synoptic N-ICE2015

observations (SYNOP) network which typically measure a handful of A 5 20 0 200 2400 600

variables but have a much higher spatial density (see Fig 2). As a result, hour hour
supersites can help us to gain deeper understanding of weather processes Mean diurnal cycle of observed (solid line) and forecast (dashed line) temperature (left) solar radiation (middle) at
and forecast errors. Lindenberg and SW-Temp sensitivity diagram (right). Motivated by Renner et al. (2019).
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. obs At some supersites radiative and turbulent fluxes are measured

TMIN, RUN=00, STEP=048, ME (K), expv=1 ecmwf _ifs

I M N N | 2 in addition to vertical profiles of T, U, q etc. This allows one to

A R | | R R design process oriented diagnostics focussed on a specific . 0 : 3
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The diurnal c?yde. example Shown above shows that t.he errorin Histogram of downwelling longwave heat flux at the surface and inversion strength, defined as the difference between T10 m and
the underestimation of the diurnal tgmperature Cyde_'s_relat_ed Tsk, for SHEBA (top row) and N-ICE2015 (bottom row) and from the coupled forecast experiments with bare sea-ice (second

to the surface temperature responding weakly to variations in column), the tight coupling with LIM2 (third column), the single-layer snow scheme (fourth column) and the multi-layer snow
solar radiation. scheme (fifth column). From Arduini et al (2022), see also Pithan et al. (2016).
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The diagnostic to the left examines the parameterization of wind
stress, which is calculated according to T = pCMUggiggests

T that the aerodynamic roughness length in the model is too Timeliness, standardisation and

Surface wind stress vs wind speed at large, although the representativity of the observations needs to g

Lindenberg. Motivated by Tiemstrém etal. . considered. COO rd I natl on

(2005).
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y - t " (e bias for the ECMWE HRES (JJA-2022) caloulated against SYNOP stati Although supersite data have huge potential to diagnose the
ean minimum temperature bias for the - calculated agains stations -
(left) and the locations of supersites contributing to the EUMETNET C-SRNWP data pool (right). causes of forecast error and inform the model development

Example 1 - Snow on |and process there remain a number of barriers to their use. Although

_ a number of observatories provide data to ECMWF directly
Enhanced evaluation Supersite diagnostics can help inform the model development (close to real time) there is no public, multi-site exchange that

Merged Model Data File

process. does this and a lack of standardisation in the format of data that
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—we | = _ i The operational ECMWF snow model (Dutra et al. 2010) | ——-
b Wi ° However, there are some networks that are working towards

E— - makes use of a single-layer with a diagnostic treatment of
| solution and standardisation, for example C-SRNWP, ARM,
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liquid water content to represent the thermodynamics and
mass balance. A refined 5-layer snow model will be YOPPsiteMIP. The YOPPsiteMIP initiative has taken this
L | implemented in the IFS to enable the thermal gradients standardisation further and put models and observations from
21_5.0 277.5 280.0 282.5 2850 287.5 290.0 292.5 ) ' ' ' ) Observed |n deep SNOoOW paCk (See meteogram bel()W) to be ArCtIC SUperSIteS IntO the same flle format SO that evaluathn Of
- captured (Arduini et al., 2019). This is shown to improve the forecasts can be performed in the same way at different sites
o) N simulation of snow duration as it permits a more timely F I N N S and across different models, helping to identify common issues
751 representation of the melting phase. It also improves near that limit forecast skill.

. surface temperature forecasts in high latitudes
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Profiles of observed and forecast air and soil temperature at 2 and 14 UTC at Lindenberg, £ 2001 — swdown
(Germany), Sodankyla (Finland) and University of Reading (UK) for JJA 2022.
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Observed meteogram for a case study at Sodankyla, Finland, in January
2014. It shows (from top-to-bottom) cloud radar reflectivity (from CloudNet;

, , o . L ) Tjernstrom, M., Zagar, M., Svensson, G., Cassano, J. J., Pfeifer, S., Rinke, A., Wyser, K., Dethloff, K., Jones, C., Semmler, T., and
: lllingworth et al. (2007)): radiation terms: wind speed, surface, and 2 m model (background colours) and ‘ . | . . | | .
)PZr?:jotSJr?it/tehrzitS;/tce)? stela—llc;igf}%eg, (Germany), Sodankyla (Finland: from Essery et al., 2016 tem%erature' enérgy b)a)lance orms: Total net ragiation (RNET). sensible observations (coloured dots, courtesy of Shaw, M.: ‘Modelling the Arctic Boundary Layer: An Evaluation of Six Arcmip Regional-Scale Models using Data from the Sheba

(SHF). latent (LHF) and ground (GHF: Atmosphere snow) heat flux (with FMI) for the 2019/2020 season. From Sandu Project,” Boundary-Layer Meteorology, 117, 337—-381, https://doi.org/10.1007/s10546-004-7954-z, 2005.

Supersites provide data through the atmosphere, snow, soil column allowing the sign convention that terms are positive when directed at the surface): et al. (2021). Renner, M., Brenner, C., Mallick, K., Wizemann, H.-D., Conte, L., Trebs, I., Wei, J., Wulfmeyer, V., Schulz, K., and Kleidon, A.:

errors at the surface to be understood in the context of the wider model and snow temperature at various heights (above the soil-snow interface). Using phase lags to evaluate model biases in simulating the diurnal cycle of evapotranspiration: a case study in Luxembourg,

: From Day et al (2020). Hydrology and Earth System Sciences, 23, 515-535, https://doi.org/10.5194/hess-23-515-2019, 2019.
environment.
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