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INTRODUCTION
After the Cheraobil catastrophe on April 26th 1986 several meteorological

services have developed powerful models to forecast the movement of radioactive
clouds at a long distance range with activity specialisation on the provision of
atmospheric transport model products (ATM) for environmental emergency
response [1]. This provision can be related to nuclear accidents, radiological
emergencies and transport of plumes of volcanic aches. Models have been tested in
an European inter-comparison excercise [ATMES] for which the results of
European tracer experiment has been conducted [2]. Experiments have provided
insight into the capabilities of present state models and their limitations.

ATMOSPHERIC CONDITIONS INFLUENCING TRANSPORT AND
DEPOSITION

The portion of the atmosphere where the earths surface (land or water) has a
direct influence is called the atmospheric boundary layer (ABL). Since most
pollution releases occur in that layer it is important to understand its structure. The
main feature of the atmospheric boundary layer is the turbulent nature of the flow.
Turbulence fortifies mixing mechanisms and tends to homogenise the properties of
the atmosphere. Consequently, turbulent mixing is an important factor in
preventing local accumulation of pollutants. Meteorological parameters are
affected by the earth's surface through dynamical processes (friction of the air over
the surface) and through thermal processes (heating or cooling of the air in contact
with the ground), hence concept of turbulence ("stability of the atmosphere") that
reflects these processes and classifies conditions into neutral, unstable and stable is
introduced. This concept is used to determine dispersion of debris released into the
atmosphere in x, y and z directions. The typical height of the ABL is about 1500
meters and can vary from several hundred to 3000 meters.

Modelling of the transport and diffusion of a pollutant in the atmosphere is
governed by the "advection-diffusion equation", that states that the time variation
of the concentration of pollutant at a point depends on several different physical
processes: a) advection or transport by the mean wind; b) diffusion or mixing by
turbulent wind eddies; or a transport process occurring at scales which cannot be
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fully resolved and which must be parameterised. The combined processes of
advection and diffusion are often commonly referred to as dispersion; c) emission
describing the processes by which pollutants are released in the atmosphere; d)
depletion describing the processes by which pollutants are removed from the
atmosphere. These generally take into account the effects of clouds and
precipitation (wet scavenging), radioactive decay, and deposition on the ground
due to the various capturing properties of the surface (dry deposition).

ATMOSPHERIC MODELS
There are several types of atmospheric models to simulate the long range

transport and diffusion of pollutants in the atmosphere: they mainly fall in two
classes Lagrangian and Eulerian. Lagrangian models describe fluid elements that
follow the instantaneous wind flow. In these models plumes can be broken down
into segments, puffs or particles. The advection is directly simulated by computing
the trajectories of the plume elements as they move in the mean wind field. In
models where the plume is modelled by a relatively low number of elements (puffs
or plume segments) diffusion is usually simulated by a Gaussian model applied to
each plume elements, and where the standard deviation is calculated taking into
account the structure of atmospheric boundary layer ("atmospheric stability").
Eulerian models directly solve the diffusion equation at every point of a grid, using
numerical techniques that allow specific treatments for each physical process
(finite difference method, splitting, finite elements method etc.). The turbulent
fluxes are commonly assumed to be proportional to the mean gradient according to
the K gradient theory (first order closure). The horizontal and vertical K
coefficients are generally dependent on the structure of atmospheric boundary
layer.

The modelling of the source of emission, the source term description, is an
essential part of atmospheric transport models. In most cases, the processes by
which pollutants are injected in the atmosphere (explosion, fire, high pressure jet,
etc.) happen at scales well below those which are resolved by atmospheric
transport models. The source effects have to be parameterised while the type of
parameterization will depend on whether the model is of Lagrangian or Eulerian
type. Information on the initial release height and its vertical extent is important
too. Analysis of trajectories for different hights in the atmosphere show that
transport patterns can differ significantly, therefore leading to false conclusions if
the release height is not correctly estimated. It affects the development and
effectiveness of the proper countermeasures to protect the population.

The time scenario is also very important since the state of the atmosphere
changes considerably with time: frontal passages, movement of pressure systems,
diurnal evolution of the atmospheric boundary layer, etc.. These scenarios will
strongly affect the evolution of the pollution cloud: if a front moves over the source
area, wet deposition could be a major factor for ground contamination; the
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deposition areas would be completely different if the release had begun before or
after the arrival of the front. If the vertical structure and the time scenario of the
source term are well described, a rough estimate of the amount of pollutant is
generally enough to decide on suitable countermeasures: protection of the
population, food restriction, etc. In certain cases, the area of maximum air
concentration and the deposition areas need only to be qualitatively known, and
more accurate estimation of the plume intensity would come out of ground
measurements. If accurate estimates of the amount of pollutant released are
available (which seems unlikely in a emergency), the atmospheric transport model
could yield outputs of qualitative and quantitative interest.

Information on the radiological species released is important because
parameters such as dry deposition velocity, scavenging ratio, and half life are
dependent on the type of pollutant; all of the depletion terms of the diffusion
equation are directly related to the nature of the released elements.

Generally, atmospheric transport models used during emergencies are
diagnostic models, in order to allow for a fast and timely response. The dispersion
calculations are not performed within a full scale numerical weather prediction
(NWP) grid, rather, the transport models are stand-alone models which must be
provided with meteorological data from numerical prediction models as input.

There is an impact of NWP models on the atmospheric transport models.
NWP models provide data on a grid with a specific scale and all the information
produced by NWP models is not necessarily available. Atmospheric transport
models can only simulate phenomena of the same scale as the input data mesh and
sub-grid scale phenomena have to be parametrised. That is the main reason why
processes such as convection or scavenging are treated in a cruder fashion in
operational transport models than in research models. Atmospheric transport
models are dependent on the quality of the input meteorological data. A source of
uncertainty is the precipitation field. NWP models generally only provide rain
fluxes at the ground, so estimation of the depth of the wet layer must be done by
transport models. The results for wet deposition may not be very accurate, even
when the precipitation areas are well estimated. ATMs will reproduce, and
sometimes amplify, the NWP models errors. In the ATMES experiment,
evaluation of different ATMs for the Chernobyl accident, has shown that the
evolution of a pollution cloud can be depicted fairly well when analysed/observed
meteorological fields are used [3]. However there is a deterioration of the models'
performance when using forecast meteorological fields. That is why an evaluation
of the NWP forecasts by senior meteorologists is essential. Experienced forecasters
can advise the ATM specialists about the quality of the forecast meteorological
fields so that the quality of the outputs of ATMs can be assessed.
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MODEL OUTPUTS
Atmospheric transport models provide two kinds of outputs: air

concentration of pollutant (in unit per cubic meter) at different time steps and
different levels, wet and dry deposition (in unit per square meter) at different time
steps. Air mass trajectories represent the motion of an air parcel within the three
dimensional wind field. These trajectories can reveal interesting information about
the vertical structure of the atmosphere and the differences in the flow at 500 m,
1500 m and 3000 m in the vicinity of the source of emission. It can also help
explain the dispersing plume shapes. Trajectories can also provide information
about differences in the predicted wind fields from different meteorological
models.

The time integrated pollutant concentration parameter is obtained by
computing the mean air concentration over the 500 first meters at each time step,
and then integrating it over a predefined period. The results (in unit.second per
cubic meter) can then be easily related to the doses received by a human being who
remains at a given point during the considered period.

The total cumulated deposition parameter represents, for a radiological
pollutant, the activity which is present at the ground at the end of the simulation.
Usually, dry deposition due to the uptake of pollutant by the ground and wet
deposition due to the precipitations are added. Then respective charts represent the
impact at the ground of the radiological event.

CONCLUSIONS
Atmospheric models are tools used to predict the evaluation of conditions

relevant for transport and deposition of a cloud of pollutants in emergency
situations, in a real-time. Experiments have shown that numerical weather
prediction models are able to forecast quite precisely the weather patterns that
influence concentrations and deposition. However, model performance with a
short-duration release may be less reliable in a forecast mode when the
meteorological situation is changing rather rapidly. Small errors in timing either in
the movement and location of the pollutant cloud or of meteorological features can
alter the wind field and precipitation the pollutant will experience.

Uncertainty is still very much connected to parametrisations used in
dispersion model calculations. The improvements can be obtained by linking the
mesoscale with the long-range evolution of an accidental emission. Meteorological
parameters and conditions play a crutial role in these estimates and should be
thoroughly examined in the whole area of interest.
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ABSTRACT
Atmospheric distribution of a pollutant can be predicted using numerical

weather prediction models and atmospheric dispersion models. The first provides
prediction on the evaluation of the meteorological fields for specified time period
and the second uses this information to determine the evolution of the dispersing
cloud in time and space. There is a number of conditions and features that limit the
performance of both models, as they contain a degree of parameterisation that may
be a source of error. This paper discusses influential parameters and conditions.
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