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Summary and purpose of document

This document proposes a minor amendment to the Manual documentation on the verification of EPS forecasts (Appendix 2.2.35) to allow for verification of time-lagged ensembles or other combined ensemble constructions.
Action Proposed

The meeting is invited to consider the proposed amendment to the Manual and make a recommendation to CBS. 

Annex(es):
- …….

· …….

Reference(s):
- APPENDIX 2.2.35. (Standard verification measures of global EPS) of the 2017 edition of the Manual on the Global Data-processing and Forecasting System (GDPFS) (WMO-No.485).
1. Introduction
Verification procedures for EPS (Ensemble Prediction Systems) are defined in APPENDIX 2.2.35. (Standard verification measures of global EPS) of the 2017 edition of the Manual on the Global Data-processing and Forecasting System (GDPFS) (WMO-No.485). This Appendix sets out the standard statistics to be calculated for a defined range of variables. It also states the forecast times to be verified, geographical regions etc. However no reference is made to different types of ensemble construction, and it has recently become apparent that the guidance may be ambiguous or misleading for certain types of ensemble. This paper therefore proposes a minor amendment to provide clear guidance for the case of time-lagged ensembles and a general clarification which may be applicable to other ensemble constructions.
2. On the construction of EPS
An EPS consists of multiple NWP forecast realisations which are taken together as a sampling of the probability distribution of forecast outcomes. Conventionally and typically an EPS is often constructed by adding a set of small perturbations to a forecast initial condition (analysis) to create an ensemble of initial conditions all valid at the same time, and running multiple forecasts from each of these analyses. In some cases the analysis system itself may generate an ensemble of initial states, again all valid at the same time. Without being specific, the current verification regulations were written around an assumption of this type of construction. However, for a variety of reasons including both computational efficiency and optimizing ensemble performance, some NWP centres may choose to construct ensembles in different ways, and it is important that the verification regulations should unambiguously allow centres to construct their ensemble in whatever way they choose and provide verification of the EPS in the way in which they use it operationally. 

The regulations as written are currently ambiguous in the case of a time-lagged ensemble. Time-lagging was actually one of the earliest methods of ensemble construction, combining forecasts from successive cycles of a data-assimilation system. Used alone time-lagging allowed for only a very small ensemble and fell out of common usage. However, some centres now choose to include an element of time-lagging in their ensemble construction, so that they have different members initialized from different start times, and it is unclear how these should be verified. As a result some systems have not been verified in the way that they are used operationally, leading to misleading results. 
In order to clarify the issue, consider the example of the MOGREPS-G ensemble system operated by the UK Met Office. In its original formulation MOGREPS-G ran 24 ensemble members twice a day initialized at 00 and 12 UTC. Verification of this system was straightforward. However in 2012 the Met Office changed the formulation to run instead 12 members 4 times per day (in order to provide up-to-date boundary conditions for a high-resolution UK ensemble to be run 4 times per day.) However a 12-member ensemble is inadequate to properly sample the probability distribution so MOGREPS-G products continued t be generated from a 24-member ensemble by time-lagging (combination) of the last two 6-hourly cycles. This has the added advantage of reducing jumpiness in ensemble forecasts and increasing ensemble spread, so also improves ensemble performance. When the Met Office verification team came to verify MOGREPS-G according to the CBS regulations they were concerned that the regulations did not allow for combining runs, so verified only the latest 12-member forecast, thus not representing the operational performance of the 24-member time-lagged EPS. (Note that more recently MOGREPS-G has been extended to run 18 members every 6 hours and products are generated from a 36-member time-lagged ensemble.)
In order to avoid such concerns, it is therefore proposed to add some clarification to the regulations. It is also noted that such concerns could also apply to multi-model ensemble combinations. There is now considerable evidence for the benefits of combining together more than one EPS to form a multi-model ensemble. If a centre chooses to do this and use this as their standard EPS system, then they should clearly and unambiguously be allowed to verify this rather than just the individual component ensembles. The key question should be “What does the centre use operationally and/or recommend its customers to use operationally?” In the case of the Met Office this is the 36-member time-lagged ensemble.
3. Proposed Amendment

Paragraph 4 of Appendix 2.2.35 is entitled Forecast Times and states:

Scores shall be computed daily for forecasts initialized at times to be specified by the centre,

but should include all forecast cycles made available on the WIS.

It is proposed that this paragraph be replaced as follows:

4. Forecast Cycles for Verification

Scores shall be computed daily for forecasts as used operationally, at times to be specified by the centre. 
Where time-lagged or multi-model ensemble combinations are used operationally, the full ensemble should be verified as used. For frequently-updated time-lagged ensembles it may not be appropriate to verify every update cycle, but all ensemble members made available on the WIS should be included in at least one verified cycle.

