HIRLAM Newsletter no 55 part A, December 2009

Henrik Feddersen and Kai Sattler

Initial ime: 2008013012. Station: 03980 Malin Head.
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Red lines: 13 HIRLAM (STRACO) members, blue lines: 13 HIRLAM (KF/RK)
members, green lines: 13 EuroTEPS members, light blue lines: 13 ALADIN members,

gray lines: 51 ECMWF EPS members (not plotted for the first six hours of the forecast);
black markers: observations. Top panel: forecasts and observations of 2m temperature;
middle panel: precipitation accumulated since forecast start; bottom panel:

10m wind speed
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Ensemble meteogram from 12 UTC 30 Jan 2008 for Malin Head, Ireland.

We note that no single-model ensemble scores consistently better than the other single-model
ensembles, i.e. there is no obvious best model, but the multi-model ensembles are at least second best

for all scores shown.

The multi-model ensembles are superior in terms of ensemble capture rate, indicating that the multi-
model ensembles have larger spread between members than any single-model ensemble.
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Figure 15: Ensemble mean RMS error for 10m wind speed (left); percent correct forecasts (middle) and
ensemble capture rate (right) for HIRLAM (STRACO) ensembles (red), HIRLAM (RK/KF) ensembles (blue),
EuroTEPS ensembles (green), ALADIN ensembles (light blue) and four different multi-model ensembles (black).
Each ensemble comprises 13 members that use the same set of initial conditions and lateral boundary conditions

from the EuroTEPS ensemble.
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3.2 Impact of stochastic physics

A stochastic approach to model uncertainty that has been applied by ECMWF to their medium-
range forecasts for more than a decade (Buizza et al., 1999), is to add a stochastic term to the model
equations. This has been implemented in the HIRLAM model where the total physics tendencies are
randomly perturbed. Some smoothness in the perturbation is obtained by using an autoregressive
process with a relatively high autocorrelation to model the stochastic term.

The stochastic physics has only been tested in EXP 0 and only for the two-week period 17-31
January 2008. The impact is modest, but in the right direction. Figure 17 shows ROC areas for 3 ms™!
and 10 ms™ thresholds where the impact of stochastic physics is marginal as well as capture rates
where the impact is more noticable.

For 6h accumulated total precipitation the most positive impact is seen for the ROC area with a
threshold of 10 mm/6h, while the impact is marginal when the threshold is 0.5 mm/6h. The impact on
the ensemble capture rate is also marginal (see Fig. 18).
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Figure 17: ROC area for 10m wind speed less than 3 ms™' (left), greater than 10 ms™' (middle) and 10m wind
speed ensemble capture rate (right) for 42-member HIRLAM ensemble without stochastic physics (green) and
with stochastic physics (red). Model experiment EXP_0; verification period is 20080117-20080131.

ROG area; precip > 0.5mm/6h ROC area; precip > 10mm/6h Ensemble capture rate
4 4 9%
— L e
08 08 f = .
60
06 06 : w
T 5
8 g g
< < & 0
0.4 0.4
30
0.2 02 20
No stochastic physics —=— No stochastic physics —+— 10 No siochasiic physics =
. Stochastic physics —=— . Stochastic physics —+— . Stochastic physics —=—
18 24 30 36 42 18 24 30 36 42 18 24 30 36 42
Forecast horizon [hours] Forecast horizon [hours] Forecast horizon [hours]

Figure 18: As Fig. 17, but for 6h accumulated total precipitation. Thresholds are 0.5 mm/6h (left) and 10
mm/6h (middle).
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4 Conclusions

It has been demonstrated that the GLAMEPS ensemble compares favourable to the ECMWF
ensemble for short-range forecasts, even when only 26 HIRLAM members are included in the
GLAMEPS ensemble, but more so when also the EuroTEPS and ALADIN members are included
to form a 52-member GLAMEPS ensemble. It has been shown that using members from multiple
models is generally better than using members from a single model, especially in terms of the
capability of the ensemble to capture verifying observations which is closely related to an increased
ensemble spread.

However, lack of ensemble spread is still a major deficiency and although we have seen indications
that adding stochastic physics to the model(s) may increase spread, statistical postprocessing is still
needed to build a reliable probabilistic forecasting system.
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