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Extended abstract

The completed form should be submitted/uploaded at
https://www.ecmwf.int/en/research/special-projects/special-project-application/special-project-request-submission.

All Special Project requests should provide an abstract/project description including a scientific plan, a justification of
the computer resources requested and the technical characteristics of the code to be used.

Following submission by the relevant Member State the Special Project requests will be published on the ECMWF
website and evaluated by ECMWF as well as the Scientific Advisory Committee. The evaluation of the requests is based
on the following criteria: Relevance to ECMWF'’s objectives, scientific and technical quality, disciplinary relevance,
and justification of the resources requested. Previous Special Project reports and the use of ECMWF software and data
infrastructure will also be considered in the evaluation process.

Requests asking for 1,000,000 SBUs or more should be more detailed (3-5 pages). Large requests asking for
10,000,000 SBUs or more might receive a detailed review by members of the Scientific Advisory Committee.

1. Background

Fog is a boundary layer phenomenon which can have a strong impact on aviation, land and marine
transportation (Pagowski et al. 2004). Because of a large number of processes that influence fog
dynamics (including the turbulence, microphysics, radiation and surface fluxes), fog formation and
evolution is still not well understood (Gultepe et al. 2007). Therefore, more research and testing of
various parametrizations is needed to get a better understanding of the physics of fog, which may
lead to improvements in fog forecasts.

Recently, the European Numerical Weather Prediction (NWP) community has begun progressively
focusing on improving fog forecasts in the HARMONIE-AROME model (Bengtsson et al. 2017)
since it became a noticeable issue for many countries. The countries that are mostly affected are the
northern countries, where fog occurs more frequently (i.e. Netherlands, Denmark, Ireland, Finland,
Sweden, Norway).

For instance, it has been recently shown by the Royal Netherlands Meteorological Institute (KNMI)
that the decrease in the coefficient used in the emissivity calculation (introduced by Stephens (1978)
and used in the radiation scheme of the HARMONIE-AROME model) reduces the long wave
cooling of fog (personal communication). In addition, the study by KNMI has also shown that the
cloud droplet number concentration has a significant impact on the development and evolution of
fog. Decreasing the cloud droplet number concentration improves the visibility forecasts.
Furthermore, the impact of Richardson's coefficient on surface fluxes, hence on fog, has been
recently studied by the HIRLAM and ALADIN consortia. Although many tests have been already
performed, the choice of the coefficient seems to impact model domains in different ways.
Therefore, more testing specific to the Irish domain has to be performed.

An aspect that also has to be considered when aiming for an improvement in the fog forecasts, is the
fact that the visibility parametrization in the HARMONIE-AROME model is based on Kunkel
relation (Kunkel 1984). The Kunkel relation is a power-law relationship between Liquid Water
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Content of fog and its associated extinction coefficient, but has no information on the droplet size
distribution. However, the study by Gultepe et al. 2006 showed that visibility forecasts are
improved when the droplet number concentration is included in the visibility calculation.

The Irish Meteorological Service, Met FEireann, is currently using cycle 40 of the
HARMONIE-AROME model. In this cycle an improved turbulence scheme, HARATU (Bengtsson
et al. 2017), was introduced in order to improve the fog and low level clouds forecasts. Although it
improved the wind speed and cloud cover forecasts, fog and low level clouds were still significantly
overpredicted.

In cycle 43, many changes were introduced, also for testing purposes, (including changes to
roughness parameter, Richardson coefficient and cloud droplet number condensation) which caused
a significant reduction of fog in many cases. However, in some cases it also led to underprediction
of fog. This shows that the understanding of the physics of fog is still incomplete. Therefore,
research and model development is needed for better fog forecasts.

In cycle 46, an improved microphysics scheme, LIMA (Bengtsson et al. 2017), is going to be
introduced. It includes a prognostic variable for the droplet number concentration, which is an
important parameter in fog evolution. It decreases the amount of cloud water and hence may lead to
an improvement in fog forecasts. Lowering the cloud droplet number concentration showed to
improve the current operational model forecast. In general, a significant difference was noted
between the land and sea fog forecasts and therefore more investigation is needed to understand the
impact of the cloud droplet number concentration and other parameters on the model performance.

2. Scientific Plan and Computer Resources

The HARMONIE-AROME model is a configuration of the ALADIN-HIRLAM (High Resolution
Limited Area Model - Aire Limitee Adaptation Dynamique Developpement International) NWP
system (Bengtsson et al. 2017). In the configuration used in the Irish Meteorologica Service, Met
Eireann, ALADIN non-hydrostatic dynamics (Benard et al. 2010), non-hydrostatic mesoscale
(MesoNH) physics (Lafore et al. 1998) and the SURFEX (Surface Externalisee) externalised
surface scheme (Masson et al. 2013) are used. In this work, cycle 43 of the HARMONIE-AROME
model is going to be utilised in order to better understand and improve the fog forecasts in the Irish
domain. The work will involve running sensitivity tests by making changes to various
parametrizations.

The operational domain for Ireland covers an area of 1000 x 900 points (Fig.1, orange domain) with
a horizontal grid spacing of 2.5 km and 65 vertical levels. Running this domain for one 24-hour
forecast cycle costs approximately 13000 SBUs. Our previous operational domain (Fig.1, red
domain) covered an area of 500 x 540 grid points. Running this domain for one 24-hour forecast
cycle cost approximately 4000 SBUs.

The requested resource of 9MSBUs will be spent as follows:

1. Run a set of few days long control experiments (using smaller domain) for the past winter and
summer months, in order to simulate fog development under different conditions (including the sea
fog). SBU cost: ~ IMSBU.

2. Run sensitivity experiments that will assist in tuning of various parametrizations (e.g. changes
made to CCNs, Richardson coefficient, roughness length, visibility parametrization and vertical
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resolution). Sensitivity tests will also be carried out using 1-D experiments to support the analysis
of the impact of different parametrization schemes on the development and evolution of fog. SBU
cost: ~ SMSBU.

3. Run some experiments using a large model domain for comparison purposes. SBU cost: ~

3MSBU.
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Fig 1. Irish operational domain in orange, old operational domain in red.
References

Benard, P., J. Vivoda, J. Masek, P. Smolikova, K. Yessad, C. Smith, R. Brozkova, and J.-F. Geleyn,
2010: Dynamical kernel of the Aladin-NH spectral limited-area model: Revised formulation and
sensitivity experiments. Quart. J. Roy. Meteor. Soc., 136 (646), 155-169.

Bengtsson, L., U. Andrae, T. Aspelien, Y. Batrak, J. Calvo, W. de Rooy, E. Gleeson, B.
Hansen-Sass, M. Homleid, M. Hortal, K. Ivarsson, G. Lenderink, S. Niemeld, K.P. Nielsen, J.
Onvlee, L. Rontu, P. Samuelsson, D.S. Mufioz, A. Subias, S. Tijm, V. Toll, X. Yang, and M.Q.
Koltzow, 2017: The HARMONIE-AROME Model Configuration in the ALADIN- HIRLAM
NWP System. Mon. Wea. Rev., 145, 1919-1935.

Gultepe, 1., M. D. Miiller, and Z. Boybeyi, 2006: A New Visibility Parameterization for Warm-Fog
Applications in Numerical Weather Prediction Models. J. Appl. Meteor. Climatol., 45, 1469—-1480.

Gultepe, 1., R. Tardif, S. C. Michaelides, J. Cermak, A. Bott, J. Bendix, M. D. Miiller, M.
Pagowski, B. Hansen, G. Ellrod, W. Jacobs, G. Toth & S. G. Cober, 2007: Fog Research: A review
of Past Achievements and Future Perspectives, Pure Appl. Geophys., 164, 1121-1159.

Kunkel, B. A. 1984: Parameterization of droplet terminal velocity and extinction coefficient in fog
models. J. Appl. Meteor., 23, 34-41.

Lafore, J. P., and Coauthors, 1998: The Meso-NH Atmospheric Simulation System. Part I: adiabatic
formulation and control simulations. Ann. Geophys., 16 (1), 90-109.

This form is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms

June 2019 Page 4 of 5



Masson, V., and Coauthors, 2013: The SURFEXv7.2 land and ocean surface platform for coupled
or offline simulation of earth surface variables and fluxes. Geosci. Model Dev., 6 (4), 929-960.

Pagowski, M., I. Gultepe, and P. King, 2004: Analysis and Modeling of an Extremely Dense Fog
Event in Southern Ontario. J. Appl. Meteor., 43, 3—16

Stephens, G. L. 1978. Radiation profiles in extended cloudwater clouds II: Parameterization
schemes: J. Atmos.Sci.35, 2123-2132.

Wallace, J. M. and P. V. Hobbs, 2006: Atmospheric Science: An Introductory Survey, Chapter 6,
Elsevier.

This form is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms

June 2019 Page 5 of 5



