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Summary and purpose of document

This document provides 1) background information on the use of the Transfer Coefficient Matrix approach to providing atmospheric transport model products as a means to allow the end user the flexibility to modify the source term and output products and 2) invites the meeting to discuss the merits of these products and if appropriate 3) define the specific parameters for these products and make recommendations / define actions for the next steps
Action Proposed  

The meeting is invited to consider the use of the Transfer Coefficient Matrix approach as a possible alternate or additional solution for providing atmospheric transport model products to member countries.
Reference:
http://ready.arl.noaa.gov/READY_fdnpp.php
http://ready.arl.noaa.gov/READY_fdnppwmo.php
1. INTRODUCTION
1.1 RSMC Response to Fukushima Nuclear Power Plant Accident

During the Fukushima nuclear power plant accident in March 2011, RSMCs provided standard transport model products to the IAEA based on the previously agreed upon procedures as defined by the WMO Manual of the GDPFS (WMO 485).  These products, made available to WMO member countries through joint web sites hosted at each RSMC, were primarily run using the default scenario due to the uncertainty of the emissions coming from the plant throughout the approximately six week period (March 11 – April 20).  A default scenario assumes a unit source emission of 137Cs for six hours to produce 24-h integrated air concentrations and deposition out to 72 hours.  These forecasts were updated every six hours as new meteorological forecasts became available, however they did not carry over emissions from previous emissions into the new forecast, thereby making their interpretation difficult.  As additional source strength information became available, it was impractical to rerun the simulations each time from the beginning of the accident.
An alternative approach1 used after the accident to re-evaluate the atmospheric transport of radionuclides from Fukushima, although not new, allows the end user to modify the source term and the model output products without having to rerun the transport model.  This approach will be discussed in the following sections.
2. APPROACH

2.1 Model Simulation
In order to be able to evaluate the long-range transport of radionuclides from the Fukushima plant it was first necessary to re-run the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model simulation from the initial release on March 11 using Global Forecasting System (GFS) 0.5 degree horizontal resolution meteorological data.  However, instead of running a series of 72 hour forecasts every six hours as was done during the accident, the model was run for each six-hour emission release period (i) independently assuming a unit source emission rate for as long as there were emissions coming from the plant, in this case 41 days. In addition, instead of modelling just 137Cs, the model was configured to run both inert and depositing species that can represent any number of radionuclides.  This was accomplished by defining four generic species: a gas with no wet or dry deposition (noble gases), a gas with a relatively large dry deposition velocity (0.01 m/s) and wet removal rate (0.08) to represent gaseous 131I, a particle with a small dry deposition velocity (0.001 m/s), and a particle with a relatively large dry deposition velocity (0.01 m/s).
Each simulation used the first 6 hour forecast from each cycle of the GFS, four times per day, to produce 6 hour outputs of concentration and deposition. The result was a set of 164 simulations with the first 6 hour release having 164 6-hour output segments (j) and the last simulation having only one 6-hour output segment.  The entire simulation had a total of 13,530 output segments ({ j ( j+1 )/ 2 }.  This procedure resulted in a matrix of model simulations that has been defined as a Transfer Coefficient Matrix (TCM) of the form,





TCMi,j,k
where k is the number of concentration grid points.
________________________

1Draxler, R.R., and G.D. Rolph (2012), Evaluation of the Transfer Coefficient Matrix (TCM) approach to model the atmospheric radionuclide air concentrations from Fukushima, J. Geophys. Res., 117, D05107, doi:10.1029/2011JD017205. http://dx.doi.org/10.1029/2011JD017205 

Although this simulation was done in hind cast using only 6 hours of forecast data for each forecast cycle, this same principle could be run in real-time by updating the previous run using analysis data or short 6-hour forecasts up to the current time, and then continuing the model run into the forecast period.
The advantage of the TCM approach is that once the initial simulation has been run using 6-hour unit source emissions, the end user can multiply the resulting air concentrations (dispersion factors) and depositions for one of the four species that best represents the one to be modelled by known emission rates and radioactive decay constants to produce final air concentrations and depositions. And, if new emission information becomes available, new results can be computed without having to rerun the complicated simulations.  The underlying principle of this approach is that the transport, dispersion, and deposition for any given species is completely independent of the actual source’s emission of that species, and therefore they only need to be computed once.
2.2 User Interface
An initial demonstration of this system (http://www.ready.noaa.gov/ready_fdnpp.php) was developed using a series of web pages that allows the end user to select up to four nuclides, their emission rates, their particle type, and their radioactive half-life.  After entering this information the user selects a location (latitude/longitude, city name, or WMO ID) where the program will then extract the model results and produce graphs and maps of concentration and deposition at that location, thereby tailoring the results to locations of interest to the user.  
A more complicated interface (http://www.ready.noaa.gov/ready_fdnppwmo.php) was developed as a result of the work of the WMO Task Team  on Meteorological Analyses for the Fukushima-Daiichi Nuclear Power Plant Accident (see Agenda Item: 4.10).  This interface allows the user to select not only the radiological species, but also one of several source terms and dispersion model simulations (CMC, JMA, NOAA, UKMET, ZAMG) used by the Task Team or an ensemble mean of several combinations of simulations.  In addition, measurements taken at several locations in Japan are overlaid on the model results and statistics are provided to the user.
3. RECOMMENDATIONS

3.1
The meeting is invited to discuss the possibility of implementing the Transfer Coefficient Matrix approach to providing dispersion modelling support to NMSs.  See the recommendations of Agenda Item 4.10 for a list of possible actions to be proposed.
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