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Summary and purpose of document

This document provides an overview of the Canadian Meteorological Centre, the Environmental Emergency Response Section and the various Atmospheric Transport and Dispersion Models that are used in support to Environmental Emergency Response Activities
Action Proposed  

The Meeting is invited to note and discuss the information provided in this document
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1. INTRODUCTION 

This document provides information on the various transport and dispersion models that are used by the Environmental Emergency Response Section at the Canadian Meteorological Centre (CMC) to support National and International mandates in environmental emergency response. 

2.  THE CANADIAN METEOROLOGICAL CENTRE (CMC)
The CMC is an important component of Environment Canada’s Meteorological Service of Canada (MSC). CMC is Canada’s national meteorological centre and it operates 24/7 around the clock. It provides a variety of essential numerical weather prediction (NWP) products and services to national and international users. It houses one of the largest supercomputing centres in the country and supports national telecommunication networks and facilities as well as the national climate archives. 

At CMC, the Research and Development personnel work closely with the Centre’s Operations Division to ensure that the operational requirements are met and that the operational numerical weather prediction (NWP) systems are at the leading-edge of science and technology. 
CMC executes in real time in a continuous basis a series of complex computer programs to assimilate and analyze a large quantity of world-wide observational data and to produce a 3-dimensional analysis of weather parameters.  This analysis is then used as input to a suite of NWP models that provide detailed forecasts in many formats.  All these components are executed on the Centre’s computing infrastructure which includes the IBM supercomputer and several front-end machines. Telecommunication functions are an important part of the Centre as it manages Environment Canada’s National network and is, as well, a international telecom hub within the Global Telecommunication System (GTS) of the World Meteorological Organization (WMO). 
Experienced meteorologists, computer specialists, and technical staff perform operational duties around the clock to monitor and control the NWP forecast production and dissemination systems. Other specialists are on call on a 24/7 basis to lend additional support such as in the event of an environmental emergency.

The atmospheric transport and dispersion modeling capacity benefits from all of the Centre's fully operational facilities and tools which are part of the well established NWP forecast production system.  Current global weather conditions and forecasts are constantly available to provide in real time the necessary input to the atmospheric transport and dispersion models and for their evaluation and interpretation. 

3. THE ENVIRONMENTAL EMERGENCY RESPONSE (EER) SECTION
The EER Section is part of the National Prediction Operations Division at CMC in Dorval, Quebec.  It is composed of meteorologists, physical scientists and computer experts.  Annex 1 presents a brief history of the EER Section over the past 20 years.

The EER Section is involved or has lead responsibility for the following activities: 

- Atmospheric transport and dispersion modelling to support requests from Federal Government Departments and Agencies (see Section 4).

- Regional Specialized Meteorological Centre (RSMC) Montréal: Designated by the World Meteorological Organization (WMO) for the provision of atmospheric transport and dispersion modelling products to WMO Member Countries in case of a nuclear or radiological accident in South, Central and North America. RSMC Montréal is also involved in with the Comprehensive Nuclear-Test-Ban Treaty (CTBT). The CTBT is the cornerstone of the international regime on the non-proliferation of nuclear weapons.  The EER Section contributed to the design of the CTBT global atmospheric monitoring network, one of 4 networks of the International Monitoring System (IMS) for monitoring compliance with Treaty provisions. In addition, there is an agreement between WMO and the CTBT Provisional Technical Secretariat for the provision of backward modelling products by the designated RSMCs in order to help identify the source of radioisotopes detected by the IMS.
- Volcanic Ash Advisory Centre (VAAC) Montréal: Designated by the International Civil Aviation Organization (ICAO) for the provision of atmospheric transport and dispersion modelling products for airborne volcanic ash over Canada, the North Atlantic Flight Information Region, Greenland and the Arctic Ocean east and north of Greenland.
- Support the Emergencies Science and Technology Section (ESTS) of Environment Canada by providing surface wind data and tidal currents for oil spills modelling (see Section 4).

- Chemical, Biological, Radiological and Nuclear (CBRN) Research and Technology Initiative (CRTI).  This initiative led by the Department of National Defense funds a wide variety of projects related to CBRN issues.  The EER Section is involved in 5 projects with the main one related to the development of a prototype for atmospheric dispersion modelling in the complex urban environment. Other projects relate to scientific improvements to atmospheric dispersion modelling (dry and wet deposition, scavenging by precipitation, etc.) and on the dispersion of biological matter (i.e. avian flu).
4. CONTEXT FOR THE PROVISION OF EER MODELLING SUPPORT BY CMC

Support at the National level to Federal Government Departments and Agencies:

 In Canada, CMC responds whenever a request for support for transport and dispersion modeling is received from a Federal Government Department or Agency. This includes, as examples,  Health Canada (HC) in the context of the FNEP (Federal Nuclear Emergency Plan), NRCAN (Natural Resources Canada) for deposition of volcanic ash, requests from EC Regional Offices for various incidents such as chemical fires, forest fire smoke transport,  dust transport, etc.. The scales of these events cover a large range from the global scale all the way down to the small scales such as at the city level.  CMC has close ties with EC’s Environmental Protection Operations Branch (EPOD) and requests for support often come directly from EC’s Regional Environmental Emergencies Officers or from NEEC, the National Environmental Emergency Centre in Ottawa. CMC also counts on the support of EC’s Emergencies Science and Technology Section (ESTS) in Ottawa who has significant expertise in issues related with chemicals and very short term dispersion of these within the evacuation range of an incident.  Also CMC supports the ESTS response for oil spill modeling by providing surface wind and tidal currents data. 

Support at the International level:

RSMC MONTRÉAL (International designation): CMC provides modeling and meteorological support for nuclear and radiological emergencies whenever a request for support is received from the IAEA (International Atomic Energy Agency) or from a delegated authority in any country located in South, Central and North America.

VAAC MONTRÉAL (International designation):  CMC monitors satellite data in real time for the presence of airborne volcanic ash in its area of responsibility (Canadian Airspace, North Atlantic Flight Information Region, Greenland and the Arctic Ocean east of Greenland). Also, it provides atmospheric transport and dispersion modeling whenever ash is present or threatens its area of responsibility. The information provided by the VAAC is used by Meteorological Watch Offices to issue warnings to aviation. 

5. ATMOSPHERIC TRANSPORT AND DISPERSION MODELS

The CMC uses Eulerian and Lagrangian transport and dispersion models for the real time support in the context of environmental emergencies. The following is a short description of each of these models.  A technical summary description of each model is found in Annex 2 at the end of this document.   

MLDP0 (Modèle Lagrangien de Dispersion de Particules d’ordre 0)
MLDP0 is a Lagrangian Particle Model described in D’Amours & Malo (2004) and D’Amours et al., 2009. In this model, dispersion is estimated by calculating the trajectories of a very large number of air particles (or parcels).  The trajectory calculations are done in two parts: 3-D displacements due to the transport by the synoptic component of the wind, then 3-D displacements due to unresolved turbulent motions.  Vertical mixing caused by turbulence is handled through a random displacement equation based on a diffusion coefficient.  This coefficient is calculated in terms of a mixing length, stability function, and vertical wind shear.

Lateral mixing is modeled according to a first order Langevin stochastic equation for the unresolved components of the horizontal wind. Dry deposition is modeled in term of a deposition velocity.  The deposition rate is calculated by assuming that a particle contributes to the total surface deposition flux in proportion to the tracer material it carries when it is found in a layer adjacent to the ground surface. Wet deposition will occur when a particle is presumed to be in a cloud.  The tracer removal rate is proportional to the local cloud fraction.

In MLDP0, tracer concentrations at a given time and location are obtained by assuming that particles carry a certain amount of tracer material.  The concentrations are then obtained by calculating the average residence time of the particles, during a given time period, within a given sampling volume, and weighing it according to the material amount carried by the particle.

MLDP0 can be executed in configurations similar to those of CANERM; a global configuration also exists.  MLDP0 can be executed in inverse (adjoint) mode.  The model has been used extensively in this configuration in the context of the WMO-CTBTO (Comprehensive nuclear Test-Ban Treaty Organization) cooperation.
MLCD (Modèle Lagrangien à Courte Distance)

MLCD is a Lagrangian Particle Model described in details in Flesch, et al. (2002), and was developed in collaboration with the Department of Earth and Atmospheric Sciences of University of Alberta. It is designed to estimate air concentrations and surface depositions of pollutants for very short range (less than ~10 km from the source) emergency problems at CMC. As in MLDP0, this 3-D Lagrangian dispersion model calculates the trajectories of a very large number of air particles. MLCD is a first order Lagrangian Particle Dispersion Model because the trajectories of the particles are calculated from the velocities increments, while MLDP0 is a zeroth order Lagrangian Particle Dispersion Model since the trajectories of the parcels are updated from the displacements increments.

The Langevin Stochastic Equation is based on the turbulent components of the wind (Turbulent Kinetic Energy). Vertical wind and TKE profiles are generated from a “user provided” set of wind observations (velocity + direction) time dependant through a “two-layer” model (Wilson and Flesch (2004). For example, these wind observations can be obtained from a meteorological tower or from detailed real-time forecasts from operational NWP models. Wind profiles can change over time and vary in the vertical, but are horizontally uniform, which represents an important difference with MLDP0 that uses full 3-D meteorological fields. 

MLCD can take into account the horizontal diffusion for unresolved scales operating at time scales longer than those associated to TKE (meanders). The removal processes of radioactive decay, wet scavenging and dry deposition can also be simulated by the model. MLCD can be run in forward or inverse mode. Air concentrations and surface depositions can be calculated over five different types of grids (time-fixed or time-variable, constant or variable horizontal resolution, polar stereographic or cylindrical equidistant) and for specific layers in the atmosphere through a user specified list of vertical levels.

MLDP1 (Modèle Lagrangien de Dispersion de Particules d’ordre 1)

This Lagrangian Particle Model is a stochastic dispersion model that is described in Flesch, et al. (2004). It combines the advantages of MLDP0 (full 3-D meteorological fields) and MLCD (first order model). MLDP1 is parallelized to run on several nodes under the IBM supercomputer at CMC. It uses both distributed- and shared-memory standards. Distributed-memory parallelism is implemented with MPI library (Message Passing Interface) while shared-memory parallelism relies on OpenMP directives.
CANERM (CANadian Emergency Response Model)

CANERM served as the operational model for RSMC Montreal and VAAC Montreal from the early 1990’s until April 2009. It has been replaced by MLDP0 and is no longer used, but still available in backup mode. 
OTHER DISPERSION MODELS

The EER Section also has access to ‘’Gaussian’’ type dispersion models that run on PCs (i.e. Epicode, Aloha, etc.).   It can also count on ESTS for help and modeling capabilities for very short range incidents involving chemicals.
6. NUMERICAL WEATHER PREDICTION MODELS

The transport and dispersion models used at CMC are “off-line” models. They depend on NWP models to feed the 3-D spatial and temporal input meteorological fields needed to run them. For example, fields of wind, moisture, temperatures, geopotential heights, vertical velocity, etc.  

The NWP runs are an important element of the continuous cycle of objective analysis and forecasts that includes data collection and reception from around the world, quality control and assimilation. CMC maintains one NWP model, called the GEM (Global Environmental Multiscale) which is executed operationally in various configurations to meet specific needs:

GEM GLOBAL: uniform global latitude – longitude grid with a 33 km resolution and 80 vertical levels. It produces 240-hour forecasts from the 00 UTC run and 144-hour forecasts from the 12 UTC run. 

GEM REGIONAL: non-uniform horizontal grid with 15 km resolution spacing over the central window (North America) and 80 vertical levels. It produces 48 to 54-hour forecasts four times daily (00, 06, 12 and 18 UTC).  

GEM LAM (Local Area Model) has a 2.5 km resolution grid, 58 vertical levels and 24-hr forecast period. It runs once per day over four domains:
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GEM OLYMPIQUES: A regional model with a 1.0 km resolution centered over the area of interest for the Vancouver February 2010 Olympics

Diagnostic / analyzed meteorological fields are kept online for the past 7 days and can be used immediately by the transport and dispersion models. A complete on-line electronic archive of the meteorological data going back over 10 years is also available in real-time beyond 7 days.    

7.  EER TOOLBOX

The capacity to respond quickly and in real time to an environmental emergency is a key element of the operational response. In order to minimize the response time, the EER Section uses a Tcl/Tk based software developed at CMC and known as the “Toolbox”. 

It is a meteorological visualization and analysis tool which has been expanded with some GIS capabilities. It is designed for ease of use and performance. It allows the meteorologist to monitor current atmospheric conditions, bulletins and report. Satellite data, NWP fields and dispersion model outputs can be viewed and overlapped in a geo-referenced environment.

The transport and dispersion models are an integral part of the Toolbox. The meteorologist defines the accident scenario and conditions, selects the NWP meteorological fields and forecast duration to launch the dispersion models.   The results can be saved in image or other formats, posted on web pages and / or transmitted on national and international meteorological communications circuits.

The Toolbox also allows for the writing and transmission of text bulletins, such as volcanic ash advisories issued by the VAAC Montréal. The latitude / longitude points of the ash cloud are extracted directly from the dispersion model outputs with a few clicks of the mouse and automatically inserted in the bulletins, thus saving precious time. 
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Richard Hogue, Director, National Prediction Operations
Canadian Meteorological Centre
212 , route Transcanadienne, Voie de service Nord,  

Dorval (Québec), H9P 1J3

richard.hogue@ec.gc.ca

9.  LIST OF ACCRONYMS

AES: Atmospheric Environment Service (now the Meteorological Service of Canada)

ATMES: Atmospheric Transport Model Evaluation Study

CANERM: Canadian Environmental Emergency Response Model 

CFIA: Canadian Food Inspection Agency

CMC: Canadian Meteorological Centre

CBRN: Chemical, Biological, Radiological and Nuclear

CRTI: CBRN Research and Technology Initiative

CTBT: Comprehensive Nuclear-Test-Ban Treaty
CTBTO: Comprehensive Nuclear-Test-Ban Treaty Organization 

DFAIT: Department of Foreign Affairs and International Trade 

EC: Environment Canada

EEB: Environmental Emergency Branch of EC

EER: Environmental Emergency Response

ERA: Emergency Response Activities

ESTS: Emergencies Science and Technology Section of Environment Canada

ETEX: European Tracer Experiment

GEM: Global Environmental Multiscale Model

GTS: Global Telecommunication System of the WMO

FNEP: Federal Nuclear Emergency Plan 

IAEA: International Atomic Energy Agency

IMS: International Monitoring System of CTBTO

IAVWOPSG: ICAO’s International Airways Volcano Watch Operations Group

ICAO: International Civil Aviation Organization
IMS: 

MLCD: Modèle lagrangien à courte distance (short distance Lagrangian model)

MLDP0: Modèle Lagrangien de Dispersion des Particules d’ordre 0 (a zeroth order Lagrangian particule dispersion model)

MLDP1: Modèle Lagrangien de Dispersion des Particules d’ordre 1 (a first order Lagrangian particule dispersion model)

MSC: Meteorological Service of Canada
NEEC: National Environmental Emergencies Centre

PTS: Provisional Technical Secretariat

REEC: Regional Environmental Emergency Coordination

REET: Regional Environmental Emergency Team

RSMC: WMO designated Regional Specialized Meteorological Centre for Nuclear and Radiological Emergencies

RTMOD: Real Time modeling group

VAAC: ICAO designated Volcanic Ash Advisory Centre

VAWSG: ICAO’s Volcanic Ash Warnings Study Group (now IAVWOPSG)

WMO: World Meteorological Organization 

10.  APPLICATION EXAMPLES 
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MLCD output following the release of anhydrous ammonia in Sudbury, Ontario on 3 August 2006. 
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MLCD output showing the location of a pollution plume produced by the release of 6 tonnes of sulphur trioxide from a zinc processing plant in the Montréal region on 9 August 2004. 
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MLDP0 model showing volcanic ash particle heights produced by 3 short duration eruptions of Mt Augustine, Alaska on 13 January 2006. 
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MLDP0 output showing particle heights following the eruption of the Cleveland volcano (Alaska) on 19 February 2001.  
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CANERM output for a simulated accident at Pickering, Ontario using the WMO RSMC standard format. See Annex 4 of the following web page for details: http://www.wmo.int/pages/prog/www/DPFSERA/td778.html
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TRAJECTORY model output for a simulated accident at Pickering, Ontario and using the WMO RSMC standard format.

Annexe 1:  Brief history of the Environmental Emergency Response Section over the past 20 years:

· 1986: Chernobyl nuclear power plant accident. The Department of Foreign Affairs of the Canadian Government asks the Atmospheric Environment Service (AES) of EC to provide information on where the radioactive cloud may be travelling, in order to inform Canadians abroad and at home. A research model developed by J. Pudykiewicz is used for this.  

· 1987/1988: The AES is given the departmental lead on nuclear EER. The research model is gradually implemented within Operations Branch at CMC.

·  Late 1980s: Two Federal Government-wide initiatives are announced: the Environmental Agenda and the Green Plan.   It was the Green Plan (5-year Plan cut short at year 4) that brought the NEC supercomputer and the EER Division to CMC.   

· 1993: First WMO International Workshop on Users’ Requirements for the Provision of Atmospheric Transport Model Products for Environmental Emergency Response, Expert Team Meeting in Vaudreuil, Quebec. Shortly after, CMC is designated as RSMC Montréal by the WMO and the IAEA for the provision of atmospheric products for nuclear and radiological emergencies.   CMC is also designated by ICAO as the VAAC Montréal for the provision of guidance on the atmospheric transport and dispersion of volcanic ash. 

· 1994:  CMC participates in the real time portion of ETEX and afterwards in the follow up ATMES II.  The momentum generated by ETEX resulted in the RTMOD (real time modeling) group and then the ENSEMBLE modelling group. CMC continues to participate in those groups.

· 1995: CMC joined ICAO’s VAWSG (now know as IAVWOPSG) and WMO’s Nuclear ERA Coordination Group.  This group advises ICAO’s Air Navigation Commission. Work began with CTBTO and DFAIT (Canada’s authority for CTBTO) on the IMS radionuclide network design simulations, and for a landmark presentation at the UN Conference on Disarmament, in Geneva.  

· 1995 to 2001: The EER Division and its programs flourished with increasing ties with Health Canada (as part of the FNEP and through other projects, Natural Resources Canada, DFAIT, WMO, IAEA and CTBTO.

· 2002: Following "9/11" 2001, CMC began working on a number of initiatives under the CRTI lead by the Department of National Defence.  At the same time, the development of Lagrangian dispersion models was undertaken in response to increasing demands for support related to natural and man-made environmental emergencies (forest fires, spill over water, chemical fires, airborne diseases, insect infestations, etc.). 

· 2003 to today: Continued growth working closely with CRTI, DND, CFIA, EC/EEB, CTBTO-PTS, etc.  Capabilities for atmospheric transport and dispersion modelling now cover all spatial and temporal scales.

Annexe 2: Summary description and main characteristics of CMC transport and dispersion models

	MLCD

(Modèle Lagrangien à Courte Distance)

· 3D Lagrangian particle model

· Short-range problems (~10 km)

· Order 1 :  trajectories calculated according to increments in particle speeds

· Langevin stochastic equation for velocities based on turbulent kinetic energy theory 

· Parameterization of 3-D wind fluctuations

· Meteorology : 

· Assumption : uniform horizontal winds

· NWP vertical profile, met tower or manual input

· Integrated 2-layer wind model 

· Time variability 

· Precipitation Rate : 2D RADAR fields

· Mesoscale fluctuations

· Radioactive decay

· Dry and wet deposition

· Forward or adjoint (inverse) mode

· Output : particle positions, air concentrations and surface depositions

· Authors : 

· Flesch, Wilson & Crenna [University of Alberta]

· Authors: Malo & Gauthier [CMC/EER]


	MLDP0

(Modèle Lagrangien de Dispersion de Particules d’ordre 0)

· 3D Lagrangian particle model

· Medium and long-range problems

· Order 0 : trajectories calculated based on increments in the particle displacements

· Random displacements in the vertical

· Turbulence : vertical diffusion coefficient in the boundary layer

· Horizontal diffusion : order 1 (mesoscale fluctuations)

· Meteorology : Full 3D fields

· Off-line model 

· Complex emission scenario module

· Radioactive decay

· Dry and wet deposition

· Particle size distribution and gravitational settling

· Forward or adjoint (inverse) mode 

· Polar stereographic grid 

· Output : particle positions, air concentrations and surface depositions

· Applicable to nuclear accidents, volcanic eruptions, dispersion of viruses, forest fire smoke, etc.

· Authors : D’Amours & Malo [CMC/EER]



	MLDP1

(Modèle Lagrangien de Dispersion de Particules d’ordre 1)

· 3D particle Lagrangian model

· Short,  medium and long-range problems

· Order 1 : Langevin stochastic equation for velocities with 3D wind fluctuations based on partition of turbulent kinetic energy

· Trajectories calculated based on increments in particle speeds 

· Meteorology : Full 3D fields

· Off-line model 

· Emission scenario module

· Radioactive decay

· Dry and wet deposition

· Forward or adjoint (inverse) mode

· Polar stereographic grid 

· Output : particle positions, air concentrations and surface deposition

· Parallelized model : distributed- (MPI) and shared-memory (OpenMP)

· Applicable to nuclear accidents, volcanic eruptions, dispersion of viruses, forest fire smoke, etc.

· Authors : 

· Flesch, & Wilson [Univ. of Alberta]

· D’Amours, Mooney & Malo [CMC/EER]

·  He [Meteorological Research Branch]


	

	CANERM

(CANadian Emergency Response Model)

· 3D Eulerian model

· For medium and long range applications

· Horizontal and vertical advection : semi-Lagrangian advection scheme

· Advection-Diffusion Equation (K-Theory)

· Source Term: horizontal Gaussian forcing

· Radioactive decay

· Wet and dry deposition

· Forward mode

· Polar stereographic grid

· Applicable to nuclear accidents, volcanic eruptions, forest fire smoke, etc.

· Author : Pudykiewicz


	TRAJECTORY

· Simple trajectory model

· For medium and long range applications

· Horizontal and vertical advection only (Runge-Kutta temporal scheme of order 4)

· No diffusion

· Forward and backward modes

· Author : D’Amours & Pagé [CMC/EER]


CMC Model Application Criteria, Conditions and Contexts for
Environmental Emergency Response
	MLCD

(Modèle Lagrangien à Courte Distance)

· Short scale problems (<10 km)

· Simulations up to 12 hrs (forecast or hindcast)

· Uniform meteorological conditions

· Flat and uniform topography 

· Accident or nuclear release involving one radionuclide (nuclear power plant explosion)

· Toxic material fire

· Chemical release

· Results are more accurate near the source than for MLDP0 or an Eulerian model

· 3D particle visualization of plume

· Total real time for a 6 hrs forecast on a Linux workstation (2 GHz, 1 CPU, 3 vertical levels): ~4-5 min.


	MLDP0

(Modèle Lagrangien de Dispersion de Particules d’ordre 0)

· Medium (from 10 to 100 km) and long-scale (>100 km, up to ~104 km) problems

· Simulations up to 10 days in forecast mode (up to 30 days in hindcast mode)

· Complex meteorological conditions

· Complex topography

· Sophisticated emission scenario controlling the source through a release rate for each radionuclide over time

· Accident or nuclear release involving multiple radionuclides (nuclear power plant explosion)

· Volcanic eruption

· Toxic material fire, forest fire, sand dust storm, chemical release

· Foot-and-Mouth Disease (FMD) virus

· Concentrations are better defined near the source compared to an Eulerian model

· 3D particle visualization of plume 

· Total real time for a 48 hrs forecast on a Linux workstation (3 GHz, 1 CPU): ~5-20 min. 



	MLDP1

(Modèle Lagrangien de Dispersion de Particules d’ordre 1)

· Short (<10 km), Medium (from 10 to 100 km) and long-scale (>100 km, up to ~104 km) problems

· Simulations up to 10 days in forecast mode

· Complex meteorological conditions

· Complex topography

· Sophisticated emission scenario controlling the source through a release rate for each radionuclide over time

· Accident or nuclear release involving multiple radionuclides (nuclear power plant explosion)

· Toxic material fire, forest fire, sand dust storm, chemical release

· Foot-and-Mouth Disease (FMD) virus

· Concentrations are more accurate near the source than for MLDP0 or an Eulerian model

· 3D particle visualization of plume

· Total real time for a 6 hrs forecast on CMC’s IBM supercomputer (128 CPUs): ~60-90 s.

· Can take several hours of runtime for large scale problems


	

	CANERM

(CANadian Emergency Response Model)

· For medium and large scale problems (>100 km, up to ~104 km)

· Simulations up to 10 days in forecast mode

· Complex meteorological conditions

· Complex topography 

· Accident or nuclear release involving multiple radionuclides (nuclear power plant explosion)

· Toxic material fire, forest fire, sand dust storm, chemical release

· Volcanic eruption

· Poor definition of plume near the release location due to Gaussian source term


	TRAJECTORY

· Medium and long range applications (>100 km, up to ~104 km)

· Simulations up to 10 days in forecast mode 

· Simple trajectories for a few air parcels released from different altitudes

· Can give a feeling of the motion of a plume

· Execution times for a 72-hour forecast on front end (1 CPU, 600 MHz) : ~2 - 5 min. 
















