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Explosive cyclones in the Northern Hemisphere are rapidly intensifying low pressure systems with a drop in
mean sea level pressure exceeding 24 hPa in 24 h relative to 60◦N, leading to strong winds, extreme precipitation,
and high waves (Sanders and Gyakum, 1980). These severe storms threaten primarily coastal and marine
livelihood and infrastructure causing severe damage and fatalities (Seiler and Zwiers, 2016). They strongly
influence the weather and climate of mid- and northern Europe and any future changes may have large impacts
on the local scale (McDonald, 2011), in particularly Northwest Scotland is prone to Atlantic storms (Coll et al.,
2013). Such storms are not only of danger because of wind speed, they also cause heavy rainfall and storm surges
in Scotland and the UK (Hickey, 2002). However, it is unclear how adequate RCMs represent the mesoscale
storm dynamics and thus large uncertainties are associated with climate change issues. Recently, it was found
that increasing the horizontal resolution in RCMs increases also the near-surface (extreme) wind speed, e.g. in
mid-Europe (Knote et al., 2010) or in the Arctic (e.g. Moore et al., 2015; McInnes et al., 2011), and the intensity
of (extreme) precipitation (Gutjahr et al., 2016; Ban et al., 2014), which in turn implies that global models but
also current state-of-the-art RCMs underestimate the intensity of both processes (Prein et al., 2015). Therefore,
it is proposed that RCM simulations at the 1 km scale are required in order to adequately represent the storm
dynamics, as they resolve more of the kinetic energy spectrum (Zentek et al., 2016), and the resulting hazards
(Huntingford et al., 2014; Kendon et al., 2012; Chan et al., 2013; Lewis et al., 2015), in particular in areas of
complex topography such as in Scotland.

However, recent research focused almost entirely on the representation of deep-convection and convective
rainfall in so called convection-resolving climate models at horizontal scales below 4 km (Prein et al., 2015).
Although of the analysis of wind speed is of similar importance, it was not addressed sufficiently yet. Further,
there is no common agreement on the configuration of convection-resolving climate models, so that the results
are afflicted with large uncertainty. Although this study does not aim to perform a full sensitivity analysis to this
issue, it will target the dependence of the representation of storms with respect to a handful parameters such as
the turbulent length scale for vertical mixing, which was identified to strongly influence the deep-convection
dynamics in convection-resolving models (Baldauf et al., 2011).

Figure 1: Model domains of COSMO-CLM at horizontal resolutions of (a) 18 km (C18), (b) 5 km (C05), and (c) 1.3 km (C01) with
the height of the orography (shaded colours). The black boxes mark the inner domains of the better resolved models, respectively.

The Northwest of Scotland is a research area where both processes act together and produce severe weather
hazards that put the physical and cultural environment at risk (Hickey, 2002). In particular the Hebrides and
the Hebridean Sea are prone to easterly tracking Atlantic storms (Coll et al., 2013) causing extreme winds and
bringing heavy rainfall (Mattison and Phillips, 2016), storm surges (Woolf et al., 2002, 2003) and fluvial and
pluvial flooding (Huntingford et al., 2014; Sibley et al., 2015). Thus this domain is ideal for addressing the
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question what impact the horizontal model resolution has on such storm events and extreme statistics for risk
assessment. This study focuses on the winter 2013/14, which produced an unusual storm sequence in terms of
frequency and intensity of Atlantic Lows hitting Scotland and the UK (Kendon, 2015; Huntingford et al., 2014;
Matthews et al., 2014; Sibley et al., 2015). In the period from December 2013 to February 2014 at least 12 major
storms with heavy rainfall battered the country (Lewis et al., 2015), which constitutes the stormiest period for at
least 20 years (Kendon and McCarthy, 2015). Based on cyclone frequency and intensity (Matthews et al., 2014)
extend this estimate to 143 years. These storms were caused in association with a powerful Atlantic jet stream
and they rapidly deepened on their way to Scotland/UK and later southern Norway (Kendon and McCarthy,
2015) causing also the wettest winter in Britain in almost 250 years (Lewis et al., 2015).

For answering the raised question on the impact of the horizontal resolution on the simulation of these winter
storms, a three-step dynamical downscaling will be applied to the ERA-Interim (Dee et al., 2011) data set. The
ERA-Interim data is subsequently downscaled by using the regional climate model COSMO-CLM (CCLM,
Rockel et al., 2008) from about 80 km to 18 km (C18) to 5 km (C05) and finally 1.3 km (C01) (Fig. 1). As the
configuration of all CCLM models is identical, except the horizontal resolution and physical parameterizations
changing for C01, this allows to determine the effect of the impact of the horizontal resolution in a consistent way.
To validate the C18 and C05 on a climatological scale, these two simulations will be performed for the whole
ERA-Interim period (1979–2015) and compared to reanalysis and observational data, such as ERA-Interim, the
gridded global cross-calibrated multi-platform ocean surface wind vector analysis version 2.0 (CCMP, Wentz
et al., 2015; Atlas et al., 2011) product over ocean, and with the gridded observational product UKCP09 of the
UK Met Office (Perry and Hollis, 2005; Perry et al., 2009). In order to use computational resources efficiently,
the sensitivity experiments will then focus on the C01 simulation only for the case study in winter 2013/2014
(Nov to Feb) to explore impacts of the horizontal resolution and physical parameterizations on near-surface
wind speeds and precipiation. Therefore, the C01 simulations will be repeated with changes to the tuning and
parameterizations that might affect the (extremes) wind speed and the formation of heavy precipitation.

These simulation results might help to depict and reduce the uncertainty of convection-resolving models by
identifying crucial parameters of physical parameterizations that affect the simulation significantly. Improved
knowledge of and confidence in convection-resolving climate simulations are of crucial importance for reliable
projections of the future climate.

References
Atlas R, Hoffman RN, Ardizzone J, Leidner SM, Jusem JC, Smith DK, Gombos D (2011) A cross-calibrated, multiplatform ocean surface wind velocity

product for meteorological and oceanographic applications. Bull Amer Meteor Soc, 92, DOI 10.1175/2010BAMS2946.1
Baldauf M, Seifert A, Förstner J, Majewski D, Raschendorfer M, Reinhardt T (2011) Operational Convective-Scale Numerical Weather Prediction with

the COSMO Model: Description and Sensitivities. Mon Weather Rev, 139:3887–3905, DOI 10.1175/MWR-D-10-05013.1
Ban N, Schmidli J, Schär C (2014) Evaluation of the convection-resolving regional climate modelling approach in decade-long simulations. J Geophys

Res Atmos, 119:7889–7907, DOI 10.1002/2014JD021478
Chan SC, Kendon EJ, Fowler HJ, Blenkinsop S, Ferro CA, Stephenson DB (2013) Does increasing the spatial resolution of a regional climate model

improve the simulated daily precipiation? Clim Dyn, 41:1475–1495
Coll J, Woolf DK, Gibb SW, Challenor PG (2013) Sensitivity of Ferry Services to the Western Isles of Scotland to Changes in Wave and Wind Climate.

J Appl Meteorol Clim, 52(5):1069–1084, DOI 10.1175/JAMC-D-12-0138.1
Dee DP, Uppala SM, Simmons AJ, Berrisford P, Poli P, Kobayashi S, Andrae U, Balmaseda MA, Balsamo G, Bauer P, Bechtold P, Beljaars ACM, van de

Berg L, Bidlot J, Bormann N, Delsol C, Dragani R, Fuentes M, Geer AJ, Haimberger L, Healy SB, Hersbach H, Hólm EV, Isaksen L, Kåberg P,
Köhler M, Matricardi M, McNally AP, Monge-Sanz BM, Morcrette JJ, Park BK, Peubey C, de Rosnay P, Tavolato C, Thépaut JN, Vitart F (2011) The
ERA-Interim reanalysis: configuration and performance of the data assimilation system. Q J Roy Metor Soc, 137(656):553–597, DOI 10.1002/qj.828

Gutjahr O, Schefczyk L, Reiter P, Heinemann G (2016) Impact of the horizontal resolution on the simulation of extremes in COSMO-CLM. Met Z,
prepub, DOI 10.1007/s00704-013-0834-z

Hickey KR (2002) The storm of 31 January to 1 February 1953 and its impact on Scotland. Scot Geogr J, 117(4):283–295, DOI 10.1080/
00369220118737129

Huntingford C, Marsh T, Scaife AA (2014) Potential influences in the United Kingdom’s floods of winter 2013–2014. Nat Clim Change, 4:769–777,
DOI 10.1038/nclimate2314

Kendon E, Roberts NM, Senior CA, Roberts MJ (2012) Realism of rainfall in a very high-resolution regional climate model. Clim Dyn, 25:5791–5806
Kendon M (2015) The UK storms of winter 2013/2014. Weather, 70 (2):39–40, DOI 10.1002/wea.2474
Kendon M, McCarthy M (2015) The UK’s wet and stormy winter 2013/2014. Weather, 70 (2):40–47, DOI 10.1002/wea.2465
Knote C, Heinemann G, Rockel B (2010) Changes in weather extremes: Assessment of return values using high resolution climate simulations at

convection-resolving scale. Met Z, 19:11–23, DOI 10.1127/0941-2948/2010/0424
Lewis H, Mittermaier M, Mylne K, Norman K, Scaife A, Neal R, Pierce C, Harrison D, Jewell S, Kendon M, Saunders R, Brunet G, Golding B, Kitchen

M, Davies P, Pilling C (2015) From months to minutes – exploring the value of high-resolution rainfall observation and prediction during the UK
winter storms of 2013/2014. Meteorol Appl, 22:90–104, DOI 10.1002/met.1493

Matthews T, Murphy C, Wilby R, Harrigan S (2014) Stormiest winter on record for Ireland and UK. Nat Clim Change, 4:738–740, DOI 10.1038/
nclimate2336

Mattison L, Phillips ID (2016) Winter Daily Precipitation Variability over Northern Scotland. Scot Geogr J, 132(1):21–41, DOI 10.1080/14702541.
2015.1051101

McDonald RE (2011) Understanding the impact of climate change on Northern Hemisphere extra-tropical cyclones. Clim Dyn, 37 (7):1399–1425,
DOI 10.1007/s00382-010-0916-x

2



McInnes H, Kristiansen J, Kristjánsson JE, Schyberg H (2011) The role of horizontal resolution for polar low simulations. Q J R Meteorol Soc,
137(660):1674–1687, DOI 10.1002/qj.849

Moore GWK, Renfrew IA, Harden BE, Mernild SH (2015) The impact of resolution on the representation of southeast Greenland barrier winds and
katabatic flows. Geophys Res Lett, 42(8):2015GL063,550, DOI 10.1002/2015GL063550

Perry M, Hollis D (2005) The generation of monthly gridded datasets of temperature and rainfall for the UK. Int J Climatol, 25:1041–1054
Perry M, Hollis D, Elms M (2009) The generation of daily gridded datasets of temperature and rainfall for the UK. Climate Memorandum 24. National

Climate Information Centre, Met Office, Exeter, UK
Prein AF, Langhans W, Fosser G, Ferrone A, Ban N, Goergen K, Keller M, Tölle M, Gutjahr O, Feser F, Brisson E, Kollet S, Schmidli J, van Lipzig

NPM, Leung R (2015) A review on regional convection-permitting climate modeling: Demonstrations, prospects, and challenges. Rev Geophys,
53(2):2014RG000,475, DOI 10.1002/2014RG000475

Rockel B, Will A, Hense A (2008) The Regional Climate Model COSMO-CLM (CCLM). Met Z, 17(4):347–348, DOI 10.1127/0941-2948/2008/0309
Sanders F, Gyakum JR (1980) Synoptic-dynamic climatology of the "bomb". Mon Weather Rev, 108(10):1589–1606
Seiler C, Zwiers FW (2016) How will climate change affect explosive cyclones in the extratropics of the Northern Hemisphere? Clim Dyn, 46:3633–

3644, DOI 10.1007/s00382-015-2791-y
Sibley A, Cox D, Titley H (2015) Coastal flooding in England and Wales from Atlantic and North Sea storms during the 2013/2014 winter. Weather,

70:62–70, DOI 10.1002/wea.2471
Wentz F, Scott J, Hoffman R, Leidner M, Atlas R, Ardizzone J (2015) Remote Sensing Systems Cross-Calibrated Multi-Platform (CCMP) 6-hourly

ocean vector wind analysis product on 0.25 deg grid, Version 2.0
Woolf DK, Challenor PG, Cotton PD (2002) Variability and predictability of the North Atlantic wave climate. J Geophys Res Oceans, 107(C10):3145,

DOI 10.1029/2001JC001124
Woolf DK, Cotton PD, Challenor PG (2003) Measurements of the Offshore Wave Climate around the British Isles by Satellite Altimeter. Philos Trans

A Math Phys Eng Sci, 361(1802):27–31, DOI 10.1098/rsta.2002.1103
Zentek R, Heinemann G, Sachs E (2016) Climatology of Wind, Kinetic Energy, and Temperature Spectra Using a High-Resolution Climate Model for

Mid-Europe. J Climate, 29:963–974, DOI 10.1175/JCLI-D-15-0540.1

3


