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The Impact of Moist SVs and Horizontal Resolution on Short-Range Limited-Area Ensemble Forecasts

Abstract

This paper studies the impact of different initial condition perturbation methods and horizontal resolutions
on short-range limited-area ensemble predictions for two severe winter storms. The methodology consists of
51 member ensembles generated with the global ensemble prediction system (EPS) of the European Centre
for Medium-Range Weather Forecasts which are downscaled with the nonhydrostatic limited-area model
LM. The resolution dependency is studied by comparing 3 different limited-area ensembles: a) 80 km grid-
spacing, b) 10 km grid-spacing, and c) 10 km grid-spacing with a topography coarse grained to 80 km
resolution. The initial condition perturbations of the global ensembles are based on singular vectors (SVs),
and the tendencies are not perturbed (i.e., no stochastic physics). Two configurations are considered for the
initial condition perturbations: (i) the operational SV configuration: T42 truncation, 48-h optimization time,
and dry tangent-linear model, and (ii) the ”moist SV” configuration: TL95 truncation, 24-h optimization
time, and moist tangent-linear model.

LM ensembles are analyzed for the European winter storms Lothar and Martin, both occurring in December
1999, with particular attention paid to near-surface wind gusts. It is shown that forecasts using the moist SV
configuration predict higher probabilities for strong wind gusts during the storm period compared to fore-
casts with the operational SV configuration. Similarly, the forecasts with increased horizontal resolution -
even with coarse topography - lead to higher probabilities compared to the low resolution forecasts. Overall,
the two case studies suggest that currently developed operational high-resolution limited-area EPSs have a
great potential to improve early warnings for severe winter storms, particularly when the driving global EPS
employs moist SVs.

1 Introduction

Probabilistic weather forecasting methodologies have been developed in order to take into account the chaotic
behavior of the atmospheric synoptic-scale flow (see the reviews byEhrendorfer, 1997; Palmer, 2000). Since
1992, global ensemble prediction systems (EPSs) based on multiple forecasts became operational at NMC (now
NCEP;Toth and Kalnay, 1997) and at the European Centre for Medium-Range Weather Forecasts (ECMWF;
Molteni et al., 1996). Currently this approach is mainly used for forecasting systems in the medium to longer
time range, while short-range forecasting systems mostly rely on a deterministic approach. The latter choice
may not generally be ideal, especially when considering forecasts of extreme weather events. These rare events
populate the tails of the probability density function (PDF) of atmospheric states. Ensemble forecasts predict an
estimate for the time evolution of the PDF and hence provide a basis for weather risk information. Investigating
three storms occurring in Europe in December 1999,Buizza and Hollingsworth(2002) pointed out the benefit
of the ECMWF EPS versus the ECMWF deterministic model. The ECMWF EPS uses singular vectors (SVs)
to create optimally perturbed initial states (Buizza and Palmer, 1995). In a recent paper,Hoskins and Coutinho
(2005) showed that SVs based on an extended physics package (see also later in section2.2), referred to as
moist SVs hereafter, are more relevant to severe cyclonic development than those currently used operationally
at ECMWF.

However, current global EPSs use coarse resolutions and are limited in predicting appropriate PDFs for ex-
treme weather events on a regional scale. Thus, in the last decade, studies have also been devoted to mesoscale
predictability using limited-area ensembles (e.g.,Stensrud et al., 2000; Walser et al., 2004a) and reported con-
siderable improvements compared to global EPS forecasts, in particular for forecasting heavy precipitation
(e.g.,Frogner and Iversen, 2002; Marsigli et al., 2001). Motivated by these results, initiatives for operational
high-resolution EPSs have emerged recently using various strategies, encompassing a multimodel ensemble
including most of the European operational forecasts (Quiby and Denhard, 2003) and downscaling of several
representative members selected from a global EPS with a limited-area model (Montani et al., 2003, see also
later in section4.3).
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During the days after Christmas 1999, western Europe was hit by two very intense storms. The first storm,
called Lothar1, crossed Europe on 26 December and caused huge damages on buildings and forests in France,
southern Germany, and Switzerland. In fact, it was one of the most devastating storms in Central Europe in the
last decades. Detailed insights into the dynamical aspects of this storm are provided byWernli et al.(2002). On
27/28 December, the second storm, Martin, passed over Europe causing heavy damages in central and southern
France, northern Spain, and Corsica. Lothar and Martin caused economic losses of some 12 billion and 6 billion
USD, respectively, and more than 80 casualties (Bresch et al., 2000). The purpose of this paper is to examine
the impact of horizontal resolution and the use of moist SVs on high-resolution ensemble forecasts for these
two intense extra-tropical cyclones. To this end, high-resolution ensemble simulations are performed to adapt
the global-scale EPS of the ECMWF to the regional scale.

The paper is organized as follows: The relevant features of the limited-area model and the experimental setup
are described in section2. Section3 presents the two investigated storm events and tests the models ability to
simulate these storms, while section4 compares the ensemble simulations with different model resolutions and
different SV configurations. Finally, conclusions are presented in section5.

2 Experimental set-up

2.1 The LM

The ensemble simulations presented in this study were conducted with the Lokal Modell version 3.9 (LM; see
Doms and Scḧattler, 2002; Steppeler et al., 2003) of the Consortium for Small-scale Modelling (COSMO).
The model is based on the compressible set of nonhydrostatic equations for flow in a moist atmosphere. The
prognostic equations for momentum, pressure perturbation, temperature, water vapor and the condensed water
species are discretized on a staggered Arakawa C grid (Arakawa, 1966) using the split-explicit time integra-
tion technique ofKlemp and Wilhelmson(1978). In the vertical direction, a sigma-type coordinate based on
base-state pressure is used implying time-independent terrain-following levels in the lower part and horizontal
levels above∼11 km. Rayleigh damping is used to absorb vertically propagating waves. The momentum,
temperature, and pressure perturbation are relaxed to the interpolated fields of the global model between 11 km
altitude and the model top at about 24 km.

The physical parameterization package of the LM is described byDoms et al.(2004). Short- and longwave
radiation are parameterized by theRitter and Geleyn(1992) scheme. Precipitation processes are represented by
an extended version of theKessler(1969) scheme including snow and cloud ice. Moist convection is param-
eterized by the mass flux scheme ofTiedtke(1989). The vertical turbulent diffusion is based on a prognostic
equation for the turbulent kinetic energy (TKE) using a level 2.5 closure scheme (Raschendorfer, 2001). Over
land (grid points with a land fraction larger than 50%) the soil model TERRA provides temperature and specific
humidity of the ground using two soil layers.

A novel formulation for the wind gust diagnosis byBrasseur(2001) has been implemented in the LM version
used in this study. This approach is based on the mean wind and the prognostic subgrid-scale turbulent kinetic
energy and assumes that surface gusts result from air parcels at higher levels in the boundary layer which are
transported to the near-surface layer by turbulent eddies.

1Also referred to as the ’French storm’ or the ’1999 Boxing Day low’
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Figure 1: Computational domain of the limited-area ensemble simulations. The background field shows the LM model
orography for 10 km grid-spacing.

2.2 LM ensemble experiments

Ensembles in this paper consists of 51 members (including an unperturbed control run). The initial and bound-
ary conditions for the limited-area ensemble members are provided by global 51 member ensembles based on
model cycle 26r3 of the ECMWF Integrated Forecast System (IFS). The global ensembles have T255 horizon-
tal resolution and 40 vertical levels. The limited-area ensembles use the LM on a rotated spherical grid with a
grid-spacing of 0.09◦ × 0.09◦ (all such measures in this paper are latitude by longitude), equivalent to about 10
km between grid points, and 32 vertical levels. The LM integration area covers southern and central Europe as
shown in Fig.1. The lateral boundary conditions use a relaxation to the fields of the global model similar to
the formulation discussed byDavies(1976).

Two different sets of initial perturbations are considered in the global ensembles. The first set is constructed
from SVs computed with the operational configuration (seeBuizza et al., 2001), the second set from so-called
moist SVs. The latter are calculated with a more sophisticed version of the tangent-linear model (TLM) of
the IFS using an extended linearized physics package (Mahfouf, 1999; Coutinho et al., 2004). In addition, the
moist SVs are calculated with a horizontal resolution of TL95 (triangular truncation at wave number 95 and a
linear grid) rather than T42, and a 24-h optimization time (OT) rather than 48-h, which may result in a more
reliable spread for shorter lead-times (i.e., days 2-3). As discussed inCoutinho et al.(2004), the inclusion of a
large-scale condensation scheme in the TLM has the largest impact among the additional parameterizations of
the extended physics package on the structure of the SVs and provides fast-growing perturbations that are not

Table 1: Set-up for the different LM ensembles.

Identification IFS Perturbations LM grid-spacing LM orography time step
HR-moist moist SVs 0.09◦ x 0.09◦ 0.09◦ x 0.09◦1 60 s
HR-opr opr SVs 0.09◦ x 0.09◦ 0.09◦ x 0.09◦1 60 s
HRCO-moist moist SVs 0.09◦ x 0.09◦ 0.75◦ x 0.75◦ 60 s
HRCO-opr opr SVs 0.09◦ x 0.09◦ 0.75◦ x 0.75◦ 60 s
LR-moist moist SVs 0.75◦ x 0.75◦ 0.75◦ x 0.75◦ 300 s
LR-opr opr SVs 0.75◦ x 0.75◦ 0.75◦ x 0.75◦ 300 s

1Smoothed with theRaymond(1988) filter usinge = 0.1 andp = 5.
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included in the operational SVs. However, further work, beyond the scope of this paper, would be required to
determine whether the impact due to the changed SV configuration can be attributed mostly to the representation
of moist processes in the tangent-linear model as the work byCoutinho et al.(2004) indicates.

Six different LM ensemble configurations have been used in order to investigate the impact of moist SVs and
horizontal resolution on limited-area ensemble forecasts (cf. Tab.1). More specifically, in addition to the grid-
spacing of about 10 km (experiments referred to as HR) ensembles are also computed with the grid-spacing
of the ECMWF EPS of∼80 km (referred to as LR) as well as with∼10 km, but with the interpolated coarse
topography of the ECMWF EPS (referred to as HRCO). These limited-area ensembles are driven with global
ensembles using moist SVs (referred to as ’moist’) and operational SVs (referred to as ’opr’), respectively. For
all experiments, the stochastic simulation of model uncertainties (Buizza et al., 1999) is switched off.

2.3 LM analyses as proxy observations

The LM includes a nudging assimilation scheme which uses conventional observations to force the simulated
atmospheric fields towards these observations (seeSchraff and Hess, 2003). This scheme is used to derive LM
analyses for the two winter storms with the same LM configuration as for the HR experiments. The analyses
are used as proxy observations for the present study. The observations used for the assimilation are retrieved
from the ECMWF Meteorological Archival and Retrieval System (MARS). They include surface observations
(pressure, humidity, and 10 m wind), radio-soundings (wind, temperature, and humidity profiles) and aircraft
observations (wind and temperature). Initial and lateral boundary conditions for the LM analyses are derived
from the ERA-40 (T159L60) reanalysis (Simmons and Gibson, 2000).

3 Cases

In this section, we present an overview of the two winter storms considered and investigate the models ability to
simulate the strong wind gusts reliably. To this end, two 72-h LM analyses, initialized on 24 and 26 December
1999 0000 UTC, respectively, are discussed with particular emphasis on simulated and observed sea level
pressure (SLP) and wind gusts (one second averages).

While Lothar was a very small-scale secondary vortex moving extremely rapid, Martin was of a larger scale
and crossed Europe somewhat slower. These characteristics are illustrated in Fig.2 showing SLP of the LM
analysis at the time when the analyzed core pressure attains its minimum. Additionally, the corresponding
storm tracks are shown. Storm Lothar crossed Europe at about 49◦N moving∼2000 km in 20 hours while
Martin passed over Europe at about 47◦ N moving∼1900 km in 23 hours.

Figure3a shows the time evolution of the minimum SLP in the center of storm Lothar as simulated in the LM
analysis, and a comparison with values from the Deutscher Wetterdienst (DWD) derived from observations.
The LM analysis highlights the explosive development of the storm (-22 hPa in 10 hours), even though it
underestimates the minimum SLP by 5 hPa with a delay of about 2.5 hours. Otherwise, the LM analysis and
the observations are very similar.

The intensification of cyclone Martin is exceptional, too (Fig.3b). On 27 December 0700 UTC, the analyzed
core SLP is 997 hPa. In the following 10 hours, the core SLP drops to 961 hPa showing an even more rapid
pressure decrease than storm Lothar. The limited number of observations available for this case match those
from the analysis fairly well.

The maximum wind gusts during both storm periods derived from the LM analysis are plotted in Fig.4.
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Figure 2: Overview of storm (a) Lothar and (b) Martin in terms of SLP (contours) and the storm track (bold line), both
derived from an LM analysis (see text). Sea level pressure is shown for the time of simulated minimal core pressure,
i.e., for (a) 26 Dec 1999 0800 UTC and (b) 27 Dec 1999 1700 UTC, respectively (cf. Fig.3). Contours are smoothed
and the contour interval is 2.5 hPa.

Storm Lothar caused gusts of more than 40 m/s in a 400 km broad band stretching from the Bay of Biscay
into southern Germany. Gusts exceeded 50 m/s at some spots in the French Vosges and the Black Forest.
Considering storm Martin, the region hit by gusts above 40 m/s is even larger and covered entire southwestern
France, the Pyrenees, and some other elevated places in Spain as well as in Corsica. Moreover, the LM analysis
shows a wide area with gusts exceeding 50 m/s over the Atlantic and the French coast around Bordeaux.
Since wind gust observations were not archived in MARS before 2001, the following comparison of simulated
and observed wind gusts is restricted to Switzerland: Figure5 shows the observed maximum wind gusts at
59 stations of the Swiss automatic observation network below 2000 m a.s.l. for storm Lothar. In particular
northern Switzerland and elevated places in the western mountain range reported wind gusts above 40 m/s
(filled circles) or slightly below, whereas the regions south of the Alpine ridge were only weakly affected by
the storm, consistent with the LM analysis. During storm Martin, Switzerland was less affected by strong wind
gusts in agreement with the LM analysis. Below 2000 m a.s.l. they were in the range of about 20 m/s (eastern
part) to 30 m/s (western part of the country).
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Figure 3: Time evolution of the minimum sea level pressure (hPa) in the center of the cyclone (a) Lothar and (b)
Martin from the LM analysis (solid line) and observations (symbols; data from the Deutscher Wetterdienst (DWD)).
Time is given on the abscissa (UTC).
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Figure 4: Wind gusts of LM analysis for (a) 26 Dec 1999 1800 UTC and (b) 28 Dec 1999 0600 UTC. The panels show
maximum wind gusts (m/s) during the last 24 hours.
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Figure 5: Observed maximum wind gusts between 25 Dec 1800 UTC and 26 Dec 1999 1800 UTC as size of centered
circles (scale is indicated in the panel) for 59 stations below 2000 m a.s.l. of the automatic observation network of
MeteoSwiss. Filled circles indicate wind gusts above 40 m/s.

In summary, the diagnosed wind gusts of the LM analyses – which do not use the observed wind gusts as input
– match the Swiss observations fairly well, both in terms of absolute values and regional patterns. We conclude
from this spatially limited validation, that the analyses seem to slightly overestimate the actual wind gusts rather
than to underestimate them. For the following discussion of the results, regions showing maximum wind gusts
above 40 m/s in the LM analysis will be referred to asaffectedregions for simplicity.

4 Results

In this section, we present the probabilistic wind gust forecasts and analyze the impact of horizontal resolution
and initial conditions based on moist SVs on the forecasts for the two storms Lothar and Martin. In addition, a
comparison with forecasts using smaller, operationally feasible ensemble sizes is discussed. The comparisons
focus on SLP in the core of the cyclones and on the corresponding storm tracks as well as on maximum wind
gusts. Particular attention is paid to the threshold of 40 m/s which is clearly exceeded in both storm events (cf.
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Figure 6: Probability forecast for maximum wind gusts above 40 m/s for storm (top) Lothar and (bottom) Martin,
respectively, during the last 24 hours for (top) 26 Dec 1999 1800 UTC and (bottom) 28 Dec 1999 0600 UTC. The
panels show the results for LM ensembles with (left) 80 km (LR-opr) and (right) 10 km horizontal grid-spacing but
same topography (HRCO-opr), respectively.

Fig. 4) and corresponds to a threshold for which substantial damages have to be expected.

4.1 Impact of horizontal resolution

The impact of horizontal resolution on probabilistic wind gust forecasts for the two storm events is investigated
by comparing the LR-opr and HRCO-opr experiments (see Table1). Both experiments use the same coarse
topography to exclude effects due to resolving more orographic details. We begin the discussion with storm
Lothar for which probability maps for maximum wind gusts above 40 m/s are shown in Fig.6 (top) for both
setups. The high-resolution ensemble HRCO-opr exhibits higher probabilities and more fine-scale structures
than the LR-opr ensembles. Looking at the regions in central Europe including the French Vosges, the Black
Forest, and northern Switzerland, an increase in probabilities from 0-30% to 10-50% can be observed. Just as
conspicuous is the increase in probabilities over the eastern Atlantic, where the region with probabilities above
40% is larger in the HRCO-opr ensemble.

The experiments for storm Martin reveal a similar impact due to increasing the horizontal resolution as seen for
Lothar, but on a lower level of forecasted probabilities for maximum wind gusts above 40 m/s (Fig.6, bottom).
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Figure 7: Same as Fig.6, but for LM ensembles using (left) operational SVs (HR-opr) and (right) moist SVs (HR-
moist), respectively, in the driving global ensemble.

The most obvious change between the LR-opr and the HRCO-opr ensembles is found over the Atlantic north
of Spain. Also, the affected region in southern France with 0% predicted probability is smaller in the LR-opr
ensemble.

In summary, the change in the horizontal grid-spacing from 0.09◦ × 0.09◦ to 0.75◦ × 0.75◦ has a significant
impact on the probabilistic wind gust forecasts for both storms leading to moderate increases in the probabil-
ities for wind gusts above 40 m/s. A comparison of the LR-moist and HRCO-moist experiments (not shown)
confirms this result showing very similar changes in the probabilities. Hence, the processes relevant for the
development of the storms can be simulated more accurately using a higher spatial resolution, i.e., using a
limited-area EPS is beneficial as compared to a global EPS for this type of events.

4.2 Impact of moist singular vectors

This subsection describes the impact of using moist SVs instead of operational SVs for the determination of
the initial conditions of the global ensemble. The global ensembles are downscaled with the LM using a 0.09◦

horizontal grid-spacing and topography (experiments HR-opr and HR-moist, respectively).

For storm Lothar, the use of moist SVs leads to a general increase in the probabilities for maximum wind gusts

8 Technical Memorandum No. 459



The Impact of Moist SVs and Horizontal Resolution on Short-Range Limited-Area Ensemble Forecasts

40°N

45°N

50°N

55°N

15°W

15°W

10°W

10°W

5°W

5°W

0°

0°

5°E

5°E

10°E

10°E

15°E

15°E 20°E

20°E

a)

40°N

45°N

50°N

55°N

15°W

15°W

10°W

10°W

5°W

5°W

0°

0°

5°E

5°E

10°E

10°E

15°E

15°E 20°E

20°E

b)

40°N

45°N

50°N

55°N

15°W

15°W

10°W

10°W

5°W

5°W

0°

0°

5°E

5°E

10°E

10°E

15°E

15°E 20°E

20°E

c)

40°N

45°N

50°N

55°N

15°W

15°W

10°W

10°W

5°W

5°W

0°

0°

5°E

5°E

10°E

10°E

15°E

15°E 20°E

20°E

25°E
25°E

d)

Figure 8: Predicted storm tracks (thin lines) and storm track of the LM analysis (bold line) between (top) 25 Dec
1999 1800 UTC, and 26 Dec 1999 1800 UTC and (bottom) 27 Dec 0600 UTC and 28 Dec 0600 UTC from (a, c)
HR-opr and (b, d) HR-moist experiments. For each member, the track with the earliest and southernmost starting
point of all tracks with a minimum sea level pressure (SLP) below 980 hPa and at least 1000 km west-east elongation
is considered. SLPs below 970 and 960 hPa are indicated with green and red lines, respectively.

above 40 m/s in the regions affected by the storm (Fig.7). The HR-moist experiment reveals values of 10 to
20% higher than in the HR-opr experiment and shows a west-east elongated band of probabilities above 40%,
similar to the band with maximum wind gusts above 40 m/s in the LM analysis (cf. Fig.4a).

For storm Martin, the HR-moist ensemble also yields higher probabilities than the HR-opr ensemble in regions
affected by the storm. The increase is significant over the Atlantic north of Spain and in southern France.
However, the absolute probabilities are still on a low level ranging from about 10% to 30% (but up to 60%
over the Atlantic). On the other hand, probabilities for maximum wind gusts above 30 m/s (not shown) are
considerable in the HR-moist (HR-opr) ensemble, reaching up to 80% (60%) in southern France.

In addition to looking at predicted probabilities, we now lock at storm tracks of individual ensemble members
for both cases. To this end, all tracks within the respective 24-h period which have (i) a minimum SLP below
980 hPa and (ii) a west-east track elongation of at least 1000 km, are determined. Out of these, the track with the
earliest and southernmost starting point is selected, i.e., at most one track per ensemble member. For the Lothar
experiments, most of the predicted storm tracks are found north of the observed track with lower minimum
SLP in the core (Fig.8, cf. color coding). A comparison between both setups exhibits 36 members (out of a
maximum of 51) with a storm track in the HR-moist and 32 members in the HR-opr ensemble. In addition,
the HR-moist ensemble reveals more very intense cyclones with a SLP below 960 hPa (indicated as red lines),
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Figure 9: Same as Fig.7 (b) and (d), but for an ensemble with 10 representative members (see text).

most of them at about 51◦ N.

The corresponding storm track analysis for storm Martin shows much larger differences between the HR-moist
and HR-opr experiments. The former exhibits 10 tracks similar to the observed one (from a total of 12 tracks),
while of the two tracks in the HR-opr only one shows some similarity to the observed track. Remarkable is the
fact, that for these experiments almost all predicted cyclones are less intense than the observed one.

Overall, the use of moist SVs for the two storm events results in ensembles with a larger fraction of ensemble
members predicting an intense storm leading to considerable increases in the probabilities for maximum wind
gusts above 40 m/s. A comparison of the LR-moist and LR-opr as well as the HRCO-moist and HRCO-opr
experiments, respectively, confirm this finding showing very similar changes in the probabilities (not shown).
Hence, the moist SV configuration (moist tangent-linear model, higher spatial resolution, and shorter optimiza-
tion time) provides initial condition perturbations which seem to be more relevant for the dynamics of the two
storms than the perturbations based on the operational SV configuration.

4.3 Impact of ensemble size

In an operational environment, the downscaling of 51 global ensemble members is not feasible due to the large
amount of required computer resources. In order to run a limited-area EPS in a quasi-operational setup, such
as COSMO-LEPS (Montani et al., 2003; Walser et al., 2004b), an ensemble reduction technique where only
a few representative members of the global ensemble are selected to drive limited-area integrations has been
developed by ARPA-SIM, Bologna, Italy (Molteni et al., 2001; Marsigli et al., 2001). The ensemble reduction
procedure is carried out by performing a multivariate hierarchical cluster analysis on the global ensemble mem-
bers with a fixed number of clusters. This clustering is based on horizontal wind, humidity, and geopotential in
the lower-to-middle troposphere (850, 700, and 500 hPa, respectively) for the full LM model domain. A repre-
sentative member (RM) for each of the clusters is then defined by selecting the member with the minimum ratio
between distances from the other members of the same cluster and distances from all the remaining members
of the other clusters. These RMs then provide initial and boundary conditions for the limited-area integrations
which are weighted according to the number of global ensemble members in the corresponding cluster.

For this study, subsamples of 5, 10, and 20 downscaled RMs have been derived using the clustering time
steps +24h, +48h, and +72h. Ideally, a probabilistic forecast using RMs shows an identical forecast as the
corresponding 51 member ensemble, since it aims to represent the entire ensemble. The results show that
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forecasts using 10 and 20 RMs provide very similar probability forecasts for wind gusts, close to those for the
51 members, while forecasts using only 5 RMs clearly differ from the results of the full ensembles.

Figure9 shows the 10 member forecasts for storm Lothar and Martin with the HR-moist setup. The probability
patterns are quite similar to the corresponding patterns of the 51 member ensemble (cf. Figs.7b, d), but
shows somewhat different amplitudes. While for the Lothar ensemble the probabilities are clearly higher in
the 10 member ensemble, they are somewhat lower for the Martin ensemble compared to the corresponding 51
member ensembles, respectively.

In summary, our comparison for the two selected storm events confirms the usefulness of such an ensemble
reduction technique necessary for an operational limited-area EPS.

5 Conclusions

This paper studies the impact of different initial condition perturbation methods and horizontal resolution on
short-range limited-area ensemble predictions for two severe winter storms. To this end, 51 member ensembles
generated with the global ECMWF EPS are downscaled with the nonhydrostatic limited-area numerical weather
prediction model LM for the two storms Lothar and Martin occurring in December 1999. The initial conditions
in the global ensembles are based on two different configurations: the currently operational configuration and a
’moist SV’ configuration. The limited-area LM ensembles are calculated with 10 km horizontal grid-spacing,
as well as with 10 km horizontal grid-spacing but 80 km topography, and with 80 km horizontal grid-spacing
for comparison. They are analyzed focusing on probabilistic wind gust predictions and on storm tracks of
individual ensemble members.

While for Lothar a large fraction of the ensemble members suggests a storm over Europe, only a few members
show a signal for Martin. It is shown that forecasts using moist SVs enhance the predicted probabilities for
the observed strong wind gusts for both storms. This results from (i) a larger number of members with a pro-
nounced storm track, and from (ii) typically more intense cyclones in the corresponding experiments. Similarly,
the forecasts with increased horizontal resolution - even with coarse topography - lead to higher probabilities
compared to the low resolution forecasts. In addition, it is shown that subsamples of at least 10 representative
downscaled members according to the procedure ofMarsigli et al.(2001) are able to produce forecasts similar
to those using all ensemble members, even for such extreme events as Lothar and Martin.

Our study has some notable limitations. In particular, the results are based on only two cases which precludes
to draw more general conclusions. Further, it is unknown whether the higher resolution or the moist SV con-
figuration, both leading to higher probabilities for strong wind gusts in the investigated cases, would also lead
to higher probabilities for non-events, i.e., to a higher false alarm rate. In addition, the wind gust formulation
is far from being perfect and overestimates wind gusts substantially for another European storm (F. Schubiger,
pers. comm.). Finally, further inspections, beyond the scope of this paper, have revealed that the moist SVs
optimized for 24 hours lead to an underdispersive ensemble in the medium-range. The lack of spread in the
medium-range appears to arise from the limited growth that the moist SVs exhibit beyond the optimization time
of 24 hours. Work in progress examines whether a revision of the linearized physics package or a combina-
tion of SVs optimized for 24 hours and SVs optimized for 48 hours could improve the global ensemble at all
forecast ranges.

In summary, our results suggest that high-resolution limited-area ensemble predictions driven by a global en-
semble using initial condition perturbations based on SVs computed with a moist TL95 tangent-linear model
and optimized for 24 hours may have a greater potential to provide early warnings for intense extra-tropical
cyclones than coarser resolution global ensembles using SVs computed with a dry T42 tangent-linear model

Technical Memorandum No. 459 11



The Impact of Moist SVs and Horizontal Resolution on Short-Range Limited-Area Ensemble Forecasts

and optimized over 48 hours. Further work will be required to determine whether the moist SV configura-
tion also improves short-range limited-area ensemble forecasts for other types of extreme events such as heavy
precipitation.
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