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Summary and purpose of document

This document provides information about Ensemble modeling in the area of atmospheric transport and dispersion. This is of particular relevance for nuclear emergency response activities and for the International Airways Volcano Watch Program.
Action Proposed
The meeting is invited to consider the information provided, to include it in the meeting report, and to consider relevant recommendations and actions.
Introduction
Ensemble prediction systems are increasingly used in the area of atmospheric transport and dispersion modeling to account for the uncertainties in the models and their input data. One example is the JRC ENSEMBLE system (Galmarini et al., 2004 and b). This system is a permanent web based platform where model predictions are collected in real time from multiple forecasting services spread over Europe and world-wide. The system was developed over the years for nuclear emergency applications, and dozens of forecasting groups currently participate in it. The system consists of multiple atmospheric transport models, which utilize a broad variety of meteorological input data. Also in the area of volcanic ash prediction for aircraft, the European Volcanic Ash Cloud Experts Group (EVACEG) being set up by the Spanish EU Presidency in May/June 2010 recommended that to provide additional European modeling capability as part of a multi-model ensemble prediction system (EVACEG, 2000).

In the area of air quality, an ensemble air quality forecasting system is being set up as part of the EU project MACC (Monitoring Atmospheric Composition and Climate) led by ECMWF, which develops the future EU/GMES (Global Monitoring for Environment and Security) Atmosphere Service GAS. As part of the service, daily air quality EPSGrams are produced for various European cities (see http://www.gmes-atmosphere.eu/services/raq/raq_nrt/). The system consists of different European air quality models, driven all with the same meteorological input data from ECMWF.
In the area of atmospheric backtracking, a response system between designated RSMCs and the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) is in place. The system was set up in 2006 to provide atmospheric transport modeling results in case of treaty-relevant RN detections at radionuclide stations. The system is described by Wotawa and DeGeer (2006).
In essence, there are the following types of ensemble dispersion modeling systems:
· Multiple-model multiple-input ensembles (e.g., JRC ENSEMBLE platform, CTBTO Ensemble backtracking system)

· Multiple-model single-input ensembles (MACC air quality ensemble system)
· Single-model multiple-input ensembles

Ensemble modeling in the area of nuclear emergency response

In the area of nuclear emergency response, WMO-designated RSMCs provide dispersion modeling products to the IAEA for their area of responsibility. There are two RSMCs per region, one acting as primary and one as a backup.  There is currently no formal ensemble system in place.
At the WMO/CBS NERA-COG meeting in Beijing in 2010, NMC Vienna proposed to organize an ensemble session of all interested RSMCs, making use of the JRC ENSEMBLE system. The reason for this was to explore the potential for a possible future RSMC ensemble prediction system in the case of a nuclear emergency. The JRC ENSEMBLE system provides good graphical and statistical tools, which helps to assess the results within reasonable efforts.

Due to the accident in Fukushima, activities of NMC Vienna in this direction were postponed. At the recent meeting of the NERA-COG in Vienna in November 2011, it was agreed to conduct the exercise in March 2012. Most of the designated RSMCs in atmospheric transport modeling expressed their principal readiness to participate. 
Potential for Single-model multiple-input ensembles

NMC Vienna also plans to work on single-model multiple-input ensembles. Regarding the multiple-input single-model ensemble, FLEXPART-based model forecasts shall be fed with input from the ECMWF Ensemble Prediction System (EPS) and the ECMWF Multi-analysis forecasts. Regarding the ECMWF EPS, there is currently one ECMWF EPS control forecast (unperturbed initial conditions) and 50 forecasts with different initial conditions (ensemble forecasts). The 50 members also include slightly different model equations to account for uncertainties in the model formulation. Regarding the Multi-analysis forecasts, ECMWF currently runs routine forecasts based on analyses from four different centers, namely Deutscher Wetterdienst (DWD), Météo-France, the U.S. National Centers for Environmental Prediction (NCEP) and the Met Office (UK).
With this system, NMC Vienna intends to simulate radioactivity from Fukushima as well as ash concentrations in the atmosphere from the eruptions of the Icelandic volcanoes Eyjafjallajökull in April/May 2010 and Grimsvötn in May 2011. ZAMG is also involved in a proposal to the European Space Agency (ESA) regarding an operational test-implementation of an improved ash prediction system, which also would contain an ensemble system. If successful and validated, the system would be available to the VAACs, and also for WMO-NERA applications by 2015. The proposal is part of the “ESA Strategic Initiative”.
Requirements for economic and policy applications

In all applications concerning policy or economic users outside the field of transport and dispersion modeling, it is of high importance that an ensemble system does not produce an “ensemble of answers”. Typically, users want to have one unambiguous answer to their question. Ensemble products therefore need to be treated like the prediction from one single model. On the positive side, the utilization of ensembles tends to increase the general confidence in and the credibility of the final result.
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