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Summary and purpose of document

This document provides background information on the findings of the WMO Task Team with respect to the use of meteorological analyses, ensemble model products, and implications for future atmospheric emergency response applications.
Action Proposed  

The meeting is invited to consider the TT results and how these may apply to future changes to the nuclear ERA standards and procedures. 
References:

http://www.wmo.int/pages/prog/www/CBS-Reports/documents/FinalRep_TT_FDnpp_v6.pdf 

http://www.wmo.int/pages/prog/www/CBS-Reports/documents/FinalReport_TTMetAnalyFDnpp.pdf 

http://www.wmo.int/pages/prog/www/CBS-Reports/documents/FINAL-REPORT.pdf  http://www.wmo.int/pages/prog/www/CBS-Reports/documents/WMO_fnpp_final_AnnexIII_4Feb2013_REVISED_17June2013.pdf 

1. INTRODUCTION

1.1 UNSCEAR

At the request of the United Nations General Assembly, the UN Committee on the Effects of Atomic Radiation (UNSCEAR) decided to conduct an assessment of the radiation doses and associated effects on health and environment attributable to the Fukushima accident.  A complete report was expected for the 60th session of the Committee in October 2013 but due to recent changes in the source term, the final report may be delayed until early 2014. Eighteen UN Member States have offered more than 60 experts to conduct the analytical work. In addition, other international organizations are providing assistance. 
1.2 WMO

The World Meteorological Organization (WMO) convened a small Task Team (TT) of experts (Japan – Kazuo Saito, United Kingdom – Matt Hort, Canada – René Servranckx, Austria – Gerhard Wotawa, and the United States – Roland Draxler) to provide the meteorological analyses that could be used by UNSCEAR in its assessment work. The primary aim of the group was to examine how the use of meteorological analyses and the introduction of additional meteorological observational data could improve the atmospheric transport, dispersion and deposition calculations. The TT met three times, first to organize (Geneva 30 Nov – 2 Dec, 2011), then to evaluate intermediate results (London 1-3 May 2012), and then finalize (Vienna 3-5 December 2012) its results. Between the 2nd and 3rd meeting of the TT, the UNSCEAR decided to directly use the WMO ATDM calculations rather than just the meteorological data.  
2. APPROACH

2.1 Meteorological data

The direction taken by the TT was to develop an ensemble of dispersion model calculations with different atmospheric transport and dispersion models (ATDM) using the same meteorological data and/or the same model using different meteorological data. Each participant would run their ATDM with the meteorological data they normally use for operational dispersion predictions and also, if technically possible, with the 4D-VAR mesoscale analysis provided by the Japan Meteorological Agency (JMA 3-hourly, 5-km horizontal, and 50-hybrid level vertical resolution).  It was recognized that perhaps the most critical element in the deposition calculations was getting the precipitation correct.  In this aspect, JMA agreed to provide their Radar/Rain Gauge analysed precipitation fields available (every 30 min at 1-km resolution) and the participants would use those fields if possible.

2.2 Participating ATDMs

The TT ATDM’s were NAME, HYSPLIT, FLEXPART, MLDP0, and JMA’s ATM.  Meteorological analysis data were obtained from CMC’s GEM-GDPS (0.30 deg), NOAA’s GDAS (0.50 deg), ECMWF (0.20 deg), UKMET’s UM (0.35x0.23 deg), and JMA’s mesoscale analyses (5 km).  Calculations for 20 combinations were completed and available for analysis.  
2.3 ATDM standard configuration

The TT agreed to standardize their ATDM modelling procedure and output fields to use a regular latitude-longitude grid with output averaged at 3-hourly intervals at 0.05 degree (about 5 km) horizontal resolution using a model computational format that treated each 3 hour period of the release as an independent calculation using a unit source emission rate. The simulations were conducted for the period 11 through 31 March 2011. The computations were made for three generic species tracked as surrogates for the radionuclides: a gas with no wet or dry scavenging (non-depositing gas), a gas with a relatively large dry deposition velocity and wet removal to represent gaseous I-131 (depositing gas), and a particle with a small deposition velocity (light particle).  In this way the calculations could be post-processed for the air concentration and deposition of each radionuclide required for the UNSCEAR assessment once the final source term was determined.

2.4 Evaluation protocol
As part of the evaluation, predictions from each of the ATDM member calculations as well as various ensemble means were compared to the observed Cs-137 deposition pattern and the time series of Cs-137 and I-131 air concentrations at the two locations (Takasaki and Tokai-mura).  All of the ATDM modelling results are on-line (http://ready.arl.noaa.gov/READY_fdnppwmo.php) permitting each of the WMO group participants to evaluate various source term options; compare their model results to measurements and to each other’s calculations.  NOAA had already configured a similar web page for its original global Fukushima calculations.  The web page supporting the WMO TT efforts was developed from this page with many additional options.  However, the use of the NOAA web evaluation tools required each of the TT participants to convert their ATDM output fields into the same binary format used by the NOAA ATDM.
3. RESULTS

3.1 Meteorology

The use of high-resolution mesoscale analyses improved ATDM performance compared to results using global meteorological analyses; however, high-resolution precipitation analyses did not improve the ATDM predictions.  All the ATDMs required several modifications or pre-processing steps to use the mesoscale analysis data. These included coordinate transformations, remapping and/or averaging of the vertical velocity fields, and decisions regarding how to use the precipitation fields. High-resolution precipitation analyses could be inconsistent with coarser time and space resolution global fields as well as the 3-hourly mesoscale analysis.  
3.2 ATDMs
The CS-137 deposition results showed that even when using the same meteorological analysis, each ATDM can produce quite different deposition patterns. The better calculations in terms of both deposition and air concentration were associated with the smoother ATDM deposition patterns. The best model with respect to the deposition was not always the best model with respect to air concentrations.  Although some ATDMs could be identified as better performers for either deposition or air concentration calculations, overall, the ensemble mean of a subset of better performing members provided more consistent results for both types of calculations.
3.3 UNSCEAR vs WMO
As noted in section 1.1 a late change (9/2013) in the source term resulted in differences in the ATDM results presented in the final WMO report (Annex III) and the summary journal paper
of the same results written independently by the TT outside of the WMO-UNSCEAR cooperation framework.  WMO annex III used the UNSCEAR recommended source term (9/2012) while the TT JER article used the modified Terada source term.  The recent change (9/2013) to the UNSCEAR source term was to make it more like the Terada one, therefore the TT results presented in the JER article are much closer to the current UNSCEAR source term than the results shown in Annex III. Furthermore, the Cs-137 source was not affected, only the I-131 emissions and therefore only the results on page 65 in Annex III required modification to reflect the updated source term.   

4. RECOMMENDATIONS
The following suggestions only represent the ideas of the author and not the WMO TT.  Operational RSMC issues were not discussed during any of the TT meetings.  Naturally, if substantial changes are to be introduced to operational RSMC procedures, this should be the result of another conference between the major participants in this program.  September 2013 represents the 20 year anniversary of the original RSMC organizational meeting where many of the current procedures were first developed.

If the approach that was used to analyse the Fukushima accident were to be generalized for real-time emergency response applications, then the following is proposed:

· Upon incident notification, each RSMC contributes analysis and forecast ATDM products in standardized format to one or more central servers,  
· At the next forecast cycle, each RSMC provides new analysis products covering the period from the last forecast cycle to the current cycle, and updated forecast products, starting at the current forecast cycle.

· The analysis-forecast computational cycle continues until the end of the incident.

· The password protected central server will contain all ATDM products as well as ensemble means of pre-selected ATDM combinations. Additional ensemble analysis techniques (e.g. Stefano et al.) may be employed if desired.

· RSMC customers (IAEA and NMS) may access the server to extract the most recent single or ensemble (recommended) ATDM prediction using a default source term (unit) or based upon a user entered source term.
· RSMC customers should be able to select from various air concentration, deposition, exposure, and even dose products on any spatial or temporal scale supported by the ATDM calculations.  Graphics would be created dynamically based upon customer input.
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