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Progress of ATM applications in environmental Emergency Response Activities - RSMC Exeter

The UK Met Office utilises a state of the art dispersion model known as NAME III (Numerical Atmospheric dispersion Modelling Environment) to provide a range of different outputs for Emergency Response Activities, both in the UK and worldwide. NAME III utilises a Lagrangian approach with pollutants represented by a large number of model ‘particles’ which are released into the modelled atmosphere at the source location(s). These particles are affected by the local wind speed, atmospheric turbulence, precipitation and other processes. Each model ‘particle’ can have its own characteristics, represent different compounds, chemicals and real particulate sizes, and can be affected by temporal and spatial variations in the meteorology including turbulence and loss processes. This enables NAME to simulate highly complex dispersion events.
The following is a brief description, with examples, of the recent progress made in utilising this model in environmental emergency response activities.
CHEMET products

For Emergency Responders (Fire and Rescue, Police, etc.) in the UK there is a product known as a CHEMET (CHEmical METeorology) report. This product provides both a graphical (plume) and textual forecast of the likely “footprint” caused by the release of a particular pollutant. Until recently the modelled CHEMET plume for a particular release of pollutants was predicted by using a two dimensional Gaussian plume dispersion model (ADMS – Atmospheric Dispersion Model Simulation). This was a basic model that only utilised one wind speed and direction (at the time of the release of the pollutant) and limited other atmospheric data, such as temperature. Output from this model can be seen in Fig 1:
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Fig 1: A typical CHEMET plume using the two-dimensional ADMS software. Small hatched area denotes highest risk region and large hatched area denotes total risk region.
During the spring of 2009 a project was initiated to phase out the use of the two-dimensional ADMS model with the intention of using NAME III to produce the output instead. In late July 2009 the first CHEMET report using NAME III as the source model was issued to customers, and this continue to the present day. 
There are a number of advantages gained from using the three-dimensional NAME III model to produce output for CHEMET:

· More than one wind speed and direction can be considered for each release

· Light wind conditions (<1 m/s) can be modelled (this posed a problem with ADMS).

· There is representation of the vertical structure of the atmosphere.

· A variety of high-resolution NWP data can be used to produce the plumes.

· Sources of pollutant release can have horizontal and vertical dimensions, rather than the assumed point release utilised by ADMS .

· Information on air concentrations or deposition can be produced and issued to customers. 
An example of the NAME III output for CHEMET can be seen in Fig 2 below:
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Fig 2: A 6hr CHEMET area at risk plot showing NAME III’s ability to model changes in wind along the path of the plume. The smaller (inner) area, coloured dark brown, is the area of highest risk, and the larger (outer) area, coloured orange, indicates the total area at risk.

These plumes are produced in near real time (typically the products are provided to the requestors within 10-15 minutes of UK Met Office receiving the request) and help to inform Emergency Services, amongst others, about the likely behaviour of a polluting plume. 
This represents a significant advancement in the sophistication of the modelling being used for CHEMET and means that the Met Office now offers a seamless dispersion modelling service ranging from a few kilometres up to global scale events such as volcanic eruptions or nuclear disasters using the same dispersion model.
As mentioned above, it is also possible to produce plume-type output showing parameters such as total deposition and air concentration (see Fig 3). In the early stages of an Emergency Response a default amount of pollutant, equivalent to 1g, is released. However, with an ongoing incident, as more-detailed information becomes available a particular plume can be re-run with a better representation of the quantity and type of pollutants that have been released. This, also, can help inform the Emergency Responders as to the best course of action to take regarding public safety. 
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Fig 3: CHEMET Air Concentration plot produced during a tyre fire. Air concentration is averaged over a 12hour period.
Volcanic Ash Hazard Climatology

A project is current running within the Atmospheric Dispersion Group at the UK Met Office to map the risk to the UK and Europe from airborne volcanic ash produced by an eruption on Iceland during a typical climatological period.  Hekla volcano (63.98°N, 19.7°W) has erupted with a moderate to large eruption in the recent past and has been chosen to represent a typical Icelandic volcano.  The dispersion of the ash cloud is modelled using the Met Office’s Numerical Atmospheric-dispersion Modelling Environment (NAME III), the Lagrangian model used operationally by the London VAAC.  One eruption lasting three hours is modelled every three hours between 1st January 2003 and 31st December 2008 with the dispersion of the ash-cloud being simulated for four days following each eruption.  Ash release is modelled as a column source from the summit of Hekla at 1491m to 12km above sea level.  Ash is considered to have reached a grid box if the ash concentration in that grid box exceeds a threshold value (in this case the threshold value is 10-18 g/m3 and is based on a total release of 1g).  Figure 1 shows the probability of the ash-cloud reaching European air-space following a hypothetical eruption in 2007.
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Figure 1: Probability of the presence of ash between the surface and FL550 in the four days following an eruption of Hekla volcano – based on hypothetical volcanic eruptions occurring every 3 hours throughout 2007.  Following an eruption of Hekla in 2007 the most likely path of the ash-cloud would have been over Scandinavia; however, there would also have been a 40-45% chance of the ash-cloud travelling over northern and eastern parts of the UK.

EPS-based dispersion modelling at the UK Met Office
"Ensemble Prediction Systems (EPS) have been in operational use for weather forecasting for many years. Initially these were global model ensembles, but in recent years higher resolution, regional-scale EPS have been developed. For instance, the Met Office Global and Regional Ensemble Prediction System (MOGREPS) provides a 24-member ensemble of limited-area model forecasts over the North Atlantic and European region. Currently the ensemble runs at 24 km resolution, but this will be upgraded to a 16 km resolution in early 2010. The Met Office atmospheric dispersion model, NAME, has a capability to produce multiple realisations of the dispersion based on the individual members of an NWP ensemble forecast, and to then calculate statistics over the dispersion ensemble. Possible statistics include the ensemble mean, the ensemble median and other percentiles, and the level of agreement between members on exceedence of pre-defined thresholds. Research activities on the application of ensemble techniques to dispersion are currently ongoing. This scientific research will inform the future Met Office strategy for effective use of ensembles for emergency-response dispersion modelling.













