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1 The rationale of variable resolution ensemble prediction

Since the early 1990s, global ensemble prediction systems (EPSs) have become part of the operational suites at
many weather prediction centres (Palmer et al 1993, Molteni et al 1996, Houtekamer et al 1996a and 1996b, Toth &
Kalnay 1993 and 1997). Since then, forecasters have been given access not only to single but also to probabilistic
products, the former usually generated by a single high-resolution integration and the latter by an ensemble of
low-resolution integrations of the same model. At ECMWF, for example, at the time of this workshop (November
2005) the forecasting system was based on:

• A single, TL511L61 10-day integration, starting from a TL511L61 analysis

• An ensemble of 51 TL255L40 10-day integrations, one (the control forecast) starting from a TL255L40 trun-
cation of the TL511L61 analysis (the control analysis), and 50 starting from the control analysis perturbed by
adding initial perturbations generated using T42L40 singular vectors (Buizza & Palmer 1995) and integrated
using a stochastic scheme designed to simulate random model errors due to physical parameterisations
(Buizza et al 1999)

Although each global system has been developed following a different approach to simulate observation, initial
and model uncertainties (for a comparison between the ensemble systems operational at ECMWF, BMRC-
Melbourne, MSC-Canada and NCEP-Washington, see Bourke et al 2004 and Buizza et al 2005), all of them are based
on a limited number, say O(10), integrations of low-resolution versions of the state-of-the-art numerical weather
prediction models used to produced single, high-resolution forecasts. Computing resources’ availability has been
one of the constraints that have limited the ensemble size to few tens and have made it unfeasible to run the
ensemble systems with the same resolution as the single, high-resolution these operational ensemble systems.

Theoretically, the rationale behind VAREPS is that during a numerical integration high-wave-number (i.e. small)
scales are resolved only up to the forecast range when keeping them has a positive impact of the forecast quality,
and they are not resolved when their impact is smaller. Technically, this can be achieved by running the first part
of the forecast with a higher resolution than the second part (e.g. spectral truncation TL399 up to forecast day 7,
and then TL255), thus using relatively more computing resources in the early forecast range than in the long fore-
cast range. The computing resources ‘saved’ by reducing the horizontal resolution in the second half of the fore-
cast range can be used not only to increase the resolution in the first half, but also to extend the ensemble forecast
range. This approach to ensemble prediction is not new, since it has been used at NCEP since inception of their
ensemble prediction system (Toth et al 2002).

This report briefly summarizes the results presented at the 10th workshop on Operational Meteorological
Systems, held at ECMWF in November 2005. Appendix A shows all the material presented during the talk.

2 The new ECMWF VAREPS

The new VAREPS aims to increase the value of the ECMWF ensemble system in two ways: in the short forecast
range, by providing more skilful predictions of small-scale, severe events, and in the long forecast range by
extending the range of skilful products from 10 to 15 days.

In this work, a VAREPS system with spectral truncation applied at forecast day 7 is compared with three con-
stant-resolution EPSs (Table 1). All these ensembles have been run using the same model versions (IFS model
cycles 28r3) starting from the same initial conditions and using the same initial perturbations.
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CPU~5.2 Table 1. Schematic of the VAREPS and the 
constant-resolution EPS configura-
tions. Note that in terms of computing
resources, VAREPS and a T319-EPS
have very similar costs.
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3 VAREPS average results

Average results based on 45 cases (spanning different years and covering both cold and warm seasons, and dif-
ferent ranges of synoptic situations) have indicated that compared to the operational, TL255-EPS, VAREPS will
give more skilful predictions. In particular, VAREPS will provide:

• In the short range (i.e. in this configuration up to forecast day 7):

– More accurate synoptic scale prediction of temperature at 850 hPa (T850) and geopotential height at
500 hPa (Z500), with predictability gains of probabilistic forecasts of between 2 and 6 hours

– More accurate precipitation predictions, with predictability gains of probabilistic forecasts of 5-10-20
mm/d of between 6 and 12 hours

– More accurate prediction of severe weather events, such as hurricanes or intense extra-tropical storms,
with up to 50% reductions of intensity and position errors of mean sea level pressure (MSLP) local
minima

• In the long range (i.e. in this configuration between forecast day 7 and 15):

– Skilful ensemble-mean and probabilistic predictions of Z500 and T850 anomalies

Results have also indicated that compared to the similar-cost, constant-resolution TL319 EPS, in the 1st week (day
0-7) VAREPS outperforms the TL319 EPS in the prediction of total precipitation, but the two systems perform sim-
ilarly in the prediction of T850 and Z500. In the 2nd week (day 7-15) the two systems perform rather similarly.

The rank-sum Mann-Whitney-Wilcoxon (RMW, see, e.g., Wilks 1995) test, with bootstrapping, has been used to
estimate the significance of the difference between the systems’ performances: considering VAREPS and the 
TL319-EPS, the difference has a RMW<20% only up to forecast day 4.

4 Impact of increased resolution in the early forecast range

The performance of VAREPS and the constant-resolution ensembles (Table 1) have been compared also for some
severe weather events cases. Results have indicated that compared to the old TL255 system, the higher resolution
VAREPS (i.e. TL399) system provides more accurate predictions. In particular:

• Hurricane Katrina (29 August 2005) – Comparison of t+84, +96 and +108h forecasts indicates that VAREPS
(i.e. TL399 resolution) gives a more accurate cyclone intensity prediction, with VAREPS forecasts being, cor-
rectly, deeper in the region of the storm development (~50% reduction in average absolute intensity error).
This has a substantial positive impact on probabilistic predictions of MSLP minima, wind speed and signif-
icant wave height.

• Hurricane Stan (6 October 2005) – Comparison of +72, +96, +120 and +144h forecasts indicates that
VAREPS (i.e. TL399) gives a more accurate precipitation prediction, especially for higher thresholds (above
25 mm/d). (It is worth pointing out that in this case, VAREPS forecasts of the cyclone are not ‘deeper’, sug-
gesting that the use of higher resolution does not systematically lead to ‘deeper’, more intense cyclones.)

• UK storms (27 Oct 2002 and 12 Jan 2004) – For both storms, comparison of +72h forecasts indicates that
VAREPS (i.e. TL399) forecasts are more accurate in locating the low pressure system (5% reduction in position
error), while differences in intensity are small. This has a small positive impact on the probabilistic prediction
of wind speed. For the 2nd storm, VAREPS forecast are better capable to predict the development and propa-
gation of two small-scale vortices located at very short distance.

• Intense precipitation over Europe (15 Oct 2000 and 12 Aug 2002) – For both floods, VAREPS probabilistic
precipitation forecasts are slightly more accurate (Brier scores are ~5% lower).

5 VAREPS implementation plan

VAREPS will eventually link the medium-range ensemble prediction with the monthly ensemble prediction
system, thus providing ECMWF users with a seamless ensemble forecast ranging from day 0 to 32.

In the first phase of the ensemble system upgrade, VAREPS will be implemented with a truncation applied at
forecast day 10 instead of 7, and it will be extended up to forecast day 15. The decision to truncate the forecasts at
day 10 instead of day 7 is mainly technical, and it has been taken to allow users who do not have enough resources
to modify their post-processing/product generation programmes to still be able to use the ECMWF ensemble up
to forecast day 10. Clearly, users will still need to adapt their software to be able to use ensemble forecasts beyond
forecast day 10, since these forecast fields will have different characteristics (e.g. resolution, file size, ..). The deci-
sion to extend the forecast up to forecast day 15 instead of 14 has been to facilitate the TIGGE (THORPEX
Interactive Grand Global Ensemble) research project.
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The ensemble upgrade from the TL255L40 system operational in November 2005 to VAREPS will take place in
three phases (Table 2):

• Phase 1, Feb 2006: from TL255L40(d0-10) to TL399L62(d0-10)

• Phase 2, Q2 2006: from TL399(d0-10) to VAREPS [TL399(d0-10)+TL255(d10-15)]

• Phase 3, 2006/2007: Work to link VAREPS(d0-15) with the monthly system will continue, with the goal to
implement a seamless d0-32 VAREPS as soon as feasible

Jan 2006

Feb 2006

Q2 2006

2006/07

TL255L40

TL399L62

TL255L62TL399L62

TL399L62 TL255L62 TL255L62 (?)

T=0 10 d 32 d15 d

Table 2. Schematic of the VAREPS implementation plan.
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