CLOUD-RESOLVING ENSEMBLE SIMULATIONS OF THE AUGUST 2005 FLOOD
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Abstract: Quantitative precipitation forecasting is a challenging task, which may be improved using higher-resolution
numerical weather prediction models and/or ensemble prediction systems (EPS). This study explores the potential benefits
of applying a cloud-resolving EPS over its driving limited-area EPS (LEPS) for the August 2005 Alpine flood. The
cloud-resolving EPS is based on the LM model, includes an explicit treatment of deep convection (2.2-km grid spacing)
and dynamically downscales the COSMO-LEPS information. A second cloud-resolving EPS is further constructed by
perturbing only the LM initial fields.
Comparison of the cloud-resolving and of the driving lower-resolution LEPS pinpoints to the high skill of both ensembles in simulating the major phase of heavy precipitation. Ensemble means and spreads are roughly equivalent and
the resolution-induced differences tend to be smaller than typical member-to-member variability. Larger discrepancies
are found over regions of moist convective instability owing to the excessive production of rain by the LEPS convective
parameterization. Comparison of the two cloud-resolving EPS further reveals that the domain-internal predictability is
rather high for this particular case and that the induced precipitation spread is mainly dominated by uncertainties advected
from the lateral boundary conditions into the high-resolution domain.
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1.

INTRODUCTION

Between midday 21 August to the end of 22 August 2005, uninterrupted rainfalls hit Switzerland and caused
severe floods. The precipitation related to a low pressure system located over the Gulf of Genoa which brought
warm and moist air from the Mediterranean Sea over the eastern Alpine flanks and back towards the northern
Alpine slopes. The total damages associated with this flood event over Switzerland and over neighboring
countries have been estimated to amount to 3.3 billion USD (SwissRe, 2006).
Given the high costs of such events, improved quantitative precipitation forecasts (QPF) are in need (see
Richard et al. (2005) for a summary of QPF results pushed ahead by MAP). Recently, Walser (2006) has shown
that the limited-area ensemble prediction system COSMO-LEPS was able to provide a more appropriate warning of the August 2005 flood than the global ECMWF EPS. The potential benefits of using a higher-resolution
ensemble are here further investigated by downscaling the COSMO-LEPS information with a cloud-resolving
model. In a second step, the relative contribution (in terms of induced precipitation spread) of uncertainties
present in the initial conditions and advected from the lateral boundary conditions is investigated.
2.

EXPERIMENTAL SET-UP

The 10 representative members of the ECMWF global EPS and the ECMWF control run provide initial and
lateral boundary conditions for 11 simulations integrated with the Lokal Modell LM (Steppeler et al., 2003) on
a 10-km grid spacing. This ensemble, named COSMO10, is similar to the one used in Walser (2006) and to the
operational configuration of COSMO-LEPS. The COSMO10 simulations serve as initial and lateral boundary
conditions for the high-resolution ensemble COSMO2.2 integrated at 2.2 km. Deep convection is explicitly
resolved, while it is parameterized after Tiedtke (1989) at 10 km. A second high-resolution ensemble, denoted
INI2.2, is constructed using the COSMO10 integrations as initial conditions but identical lateral boundary
conditions (taken from the 10-km control run). Simulations start 12 UTC 20 August 2005.
3.

LOW- VERSUS HIGH-RESOLUTION ENSEMBLE

Figure 1 illustrates ensemble means and observations derived for the 21st and 22nd August 2005. The
observations represent daily rain-gauge records collected over Switzerland and interpolated on a grid of circa

Figure 1: Observations (OBS) and ensemble means (COSMO10, COSMO2.2) of the accumulated precipitation (mm;
from 0600 to 0600 UTC) obtained on 21 and 22 Aug 2005. Note that the observations are only available over Switzerland.

2-km mesh size (Wüest et al., 2007). Comparison of the precipitation patterns pinpoints the high level of
agreement between COSMO2.2, COSMO10, and the observations. The phase of heavy precipitation located
over central Switzerland is well captured both by COSMO2.2 and COSMO10.
A more detailed comparison of the precipitation fields reveals some discrepancies. While the large-scale
precipitation patterns of COSMO10 and COSMO2.2 highly correlate, the 2.2-km ensemble mean exhibits a
finer-scale and as such a more realistic structure than its 10-km counterpart. Also COSMO10 overestimates
the precipitation amounts on the 21st August especially over north-eastern Switzerland. As a consequence,
COSMO2.2 visually outperforms COSMO10 on the 21st August, while both ensembles perform comparatively
on the 22nd August.
Figure 2 shows time series of precipitation with inter-quantile range averaged over the two subdomains
CS and ES. The daily accumulated rain-gauge observations have been here disaggregated into hourly values
using radar measurements (Wüest et al., 2007). The observations again attest the high skill of both ensembles
in simulating the phase of heavy precipitation (especially from 26 to 60 h). Moreover, comparison of the
inter-quantile ranges reveals that, except for the first ∼ 24 h (see Fig. 2a), the two ensembles do overlap. No
systematic tendency of the 2.2-km integrations to induce a larger spread can be recognized.
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Figure 2: Time series of precipitation (mm h−1 ) averaged over the two subdomains (a) Central Switzerland CS and (b)
Eastern Switzerland ES. Shown are the inter-quantile range (q25%-q75%) and the median. The observational curve is
masked in cases of missing radar information. Time (h) 0 is simulation start (1200 UTC 20 Aug 2005). The subdomains
cover an area of 90 km x 72 km and are located as indicated in (c).
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Figure 3: Normalized precipitation differences ND of daily accumulated precipitation obtained on (a) 21 and (b) 22
Aug 2005 (from 0600 to 0600 UTC). ND is computed as ND = |RRi − RR j |/RRi with RRi and RR j daily accumulated
precipitation in member i and j, i, j ∈ (0...10), and the overbar designating the area-mean value. A dot compares two
COSMO10 members while a cross compares a COSMO10 to its corresponding COSMO2.2 simulation. The 2.2-km
integrations have been averaged on the 10-km grid for comparison.

Figure 3 further attempts to assess the significance of the resolution-induced differences by contrasting
them to the obtained member-to-member variability (differences between two 10-km integrations). Figure 3
indicates that the normalized differences between a 2.2-km and its corresponding 10-km version are generally
smaller than between two 10-km members. Hence, increasing the model mesh size tends to induce in the metric
smaller discrepancies than generating an ensemble for this particular event. This confirms the visual impression
of Figs. 1 and 2.
Analysis reveals that the larger discrepancies found between 2.2 and 10-km ensemble members relate to
an excessive production of precipitation by the Tiedtke’s mass flux scheme employed at 10 km. Excessive
production of rain by the mass flux scheme also produces the spurious precipitation maximum over northeastern Switzerland on the 21st August as documented earlier. The primarily stratiform nature of the phase of
heavy precipitation over Switzerland thus explains the limited differences obtained between COSMO2.2 and
COSMO10. Having computed an ensemble double-penalizes here the possible gain achieved by the higher resolution. Not all the members are indeed simulating convective precipitation and not all the members simulating
convective precipitation differ from their 2.2-km version.
4.

PARTITION BETWEEN INITIAL AND LATERAL BOUNDARY UNCERTAINTIES

In this section, the partition of the induced precipitation spread in uncertainties stemming from the initial
conditions and from the lateral boundary conditions is investigated. Figure 4 shows time series of precipitation obtained with COSMO2.2 and INI2.2. The INI2.2 inter-quantile range is much smaller than the one of
COSMO2.2 and after ∼48 h, the INI2.2 spread becomes negligible. Only around 37 h over CS, the INI2.2
members exhibit a significant divergence. The resulting high domain-internal predictability may have further
contributed to the high skill of both ensembles in simulating this event and to their overall similarity.
The different evolution of the inter-quantile range in INI2.2 and in COSMO2.2 displayed by Fig. 4 highlights the distinctive nature of the underlying amplification processes. As documented in previous predictability
studies (Hohenegger et al., 2006; Hohenegger and Schär, 2007), the use of identical lateral boundary conditions in INI2.2 constrains error growth to the presence of moist convection provided a weak flow regime exists.
The predominantly stratiform nature of the precipitation field on the 21st and 22nd August explains the moderate INI2.2 spread, while the arrival of stronger winds on the back of the precipitating system prevents any
divergence among the simulations after about 48 h. In opposition, perturbing both initial and lateral boundary
conditions in COSMO2.2 allows a larger-scale error growth controlled by the lateral boundaries.
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Figure 4: Time series of precipitation (mm h−1 ) obtained with COSMO2.2, INI2.2, and observations, plotted as in Figs.
2a,b.

5.

CONCLUSIONS

The performance of a cloud-resolving ensemble prediction system has been investigated against its driving limited-area EPS (COSMO-LEPS) for a case of heavy precipitation over the Alpine region. Comparison
revealed high similarities between the two ensembles, both of them being very skillful at capturing the phase
of heavy precipitation occurring on the 21st and 22nd August 2005 over Switzerland. Analysis of the induced
precipitation spread further indicated that the divergence among the cloud-resolving integrations was primarily controlled by large-scale error growth advected from the lateral boundaries into the computational domain.
Both aspects followed from the predominantly stratiform nature of this event. It is thus expected that for a more
convective case, the resolution-gain may be on one hand larger. On the other hand, moist convection has an
intermittent nature and is often hardly predictable. The required ensemble will then tend to milder the impacts
of the higher resolution when computing ensemble mean and median.
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