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Introduction

Meteorological uncertainties have long been acknowledged in the field of weather forecasting, especially when assessing risks from high-impact severe weather events. NWP ensemble systems have been developed to quantify such uncertainties. These were initially targeted at medium-range forecasting (e.g. the operational forecasting systems at ECMWF and NCEP), but in recent years the approach has been applied to shorter-range ensemble prediction at regional scales (e.g. the Met Office MOGREPS and Meteo France PEACE systems).

For emergency-response dispersion modelling, however, a quantitative assessment of uncertainties becomes a far more difficult challenge (partly because other sources of uncertainty, such as in the specification of the release term, are also present). The traditional approach here has been to use the available information to provide a deterministic ‘best-guess’ prediction from a single dispersion model, coupled with a qualitative judgement on the forecast confidence and possible areas of error.
A slight refinement on the above technique is the current response protocol within RSMC regions I and VI, for which RSMC Exeter and RSMC Toulouse have a joint responsibility. In the event of an incident within either of these regions, a joint statement would be issued as guidance for meteorologists and other specialists in interpreting the model outputs. This statement would be a synthesis of the forecasts from the two centres and, as such, could be viewed as a simple multi-model ensemble approach based on two constituent models.
Extending this idea, a larger collection of individual models can be brought together for comparison and analysis. Such a multi-model ensemble, often referred to as a “poor-man’s ensemble”, is the basis of the ENSEMBLE community of dispersion modellers. The multi-model approach to emergency-response dispersion modelling has the advantage that it is relatively straightforward to implement (as a scientific concept, at least). However, the poor-man’s ensemble should not be expected to provide a faithful representation of the uncertainties (in the same sense that an NWP ensemble is designed to estimate forecast error distribution in meteorological fields). Instead, results should be interpreted as a ‘level of agreement’ between the predictions of individual dispersion models. 
Current recent activities at the Met Office are exploring the use of NWP ensemble prediction systems directly within a single dispersion model. This technique aims to assess the impact on dispersion of the meteorological uncertainty conveyed in the NWP ensemble (while accepting that other sources of uncertainty in the dispersion problem will not be represented). Here the Met Office’s dispersion model, NAME, has been used with ECMWF EPS forecasts to look at uncertainty in long-range transport, and with the regional component of MOGREPS for regional-scale dispersion problems.
Participation in the ENSEMBLE initiative

The Met Office is a participant in the ENSEMBLE modelling community. ENSEMBLE is the latest in a series of research initiatives on nuclear accident model comparison dating back over twenty years, which have included the ATMES, ETEX and RTMOD projects. The aim of these activities has been to recognise and reconcile differences between disparate national forecasts of medium and long-range atmospheric dispersion.
Today, ENSEMBLE offers a multi-model dispersion modelling capability for emergency-response (e.g. scenarios such as large-scale nuclear accidents). It is supported on a non-operational basis by approximately 20 NMSs and other emergency modelling centres (primarily from within Europe and North America). The system is coordinated by JRC Ispra.

Following the transmission of an alert message containing source details and other information, each modelling centre will run their own dispersion model for that scenario and then upload their dispersion predictions in a standardised format to the ENSEMBLE website at JRC. The information can then be interrogated by users via a web-based GIS to view both single-model predictions and multi-model products such as the level of agreement between models for exceeding a particular concentration threshold.

The ENSEMBLE system is currently a research/demonstration tool and is not a formal part of the operational emergency-response system in Europe. However regular real-time exercises are conducted (typically two per annum), which are sometimes coincident with and support exercises of recognised response systems, e.g. ECURIE Level-3 exercises in October 2006 and December 2007 (see Fig. 1), and the IAEA/RSMC exercise of 18 May 2006.
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Figure 1: an example output graphic from the ENSEMBLE system. The colouring indicates the level of agreement between ensemble members on exceedence of a specified concentration threshold. The hatched area overlays the deterministic prediction from the Met Office NAME model. Courtesy of ENSEMBLE consortium.
Use of NWP ensemble prediction systems (EPS) to represent uncertainty in meteorological forecast for dispersion modelling applications
Ongoing research at the Met Office is exploring the application of NWP ensemble forecasts to emergency-response dispersion modelling. The NAME model has a capability to generate multiple realisations of the dispersion, where each realisation is based on a single member of an ensemble forecast (see Fig. 2). Statistical processing within NAME can then yield products such as ensemble mean, median over the ensemble (see Fig. 3) and other percentile measures, and the level of agreement on exceeding thresholds.
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Figure 2: example ‘postage-stamp’ plot of air concentration predictions. This example shows the variability propagated from the ECMWF EPS when NAME is applied to model the ETEX tracer dispersion experiment.
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Figure 3: ensemble median prediction for the ETEX experiment.

