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4.3 Air quality modelling

1. Introduction

There are a number of uses for numerical models of pollution dispersion:

· Air quality forecasts: in this application there are many sources that need to be represented, such as roads.

· Dispersion after an “incident” (e.g. nuclear accident): one source that must be modelled accurately.

· Attribution of pollution: calculate “back-trajectories” to identify the source of, for example, acid rain.

The scales that need to be represented vary considerably:

· Individual street: eddies modelled explicitly, one value of synoptic wind for whole model (e.g. CHENSI).

· City: eddies are parameterised, still one value of synoptic wind for whole model (e.g. ADMS).

· Regional: winds are taken from a forecast model (e.g. DREAM, CHAOS).

· Climate: the chemistry can feed back on the dynamics (e.g. Unified Model).

2. Lagrangian models

A Lagrangian model is suitable for examining the dispersion from a single source, which it represents as a large number of parcels that are advected with the wind field from a meteorological model. Complex chemistry can be represented within each parcel.

· The position (x, y, z) of each parcel is governed by:

As discussed in lecture 1.2, finite differencing is used to work out the position at time t+t from position at time t (where t is the timestep of the model).

· In the x-direction:
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While the mean wind (
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) is taken from a forecast model, mixing has to be represented very crudely: 

· Within the boundary layer, random numbers are used for u’, v’ and w’; outside ABL they are close to zero.

· The boundary layer top is often represented simply as being where 
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· In the CBL, height is often allocated randomly, assuming it takes 15 minute to mix the whole depth.

· Many parcels are required to represent the vertical distribution accurately.

This equation can also be run backwards to identify the source of a particular pollutant, and outside the boundary layer this is no less accurate than the forward model. However, the random nature of mixing makes this impossible to do exactly within the boundary layer.

We now consider how chemistry is represented. In the Met Office Nuclear Accident Model (NAME), each parcel contains a mass X of a single species:

· Rate of change of X following parcel: 

For radionuclides (e.g. 137Cs in the case of the Chernobyl accident), L is the decay constant, related to the half-life 1/2 by L=ln(2)/1/2. However, the loss term also includes wet and dry deposition, so one must also have reliable precipitation information. In the case of radionuclides in particular, the location of the surface deposition is crucial. The average concentration in a volume is found by summing the masses of parcels in it.

A Lagrangian chemistry model (e.g. the CHAOS model developed in Reading) represents multiple species in the same parcel; now we consider X as a concentration, e.g. X=[NO]. Consider the reaction 
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· Rate of change of [NO] following a parcel:

It is a bit more complex for photolysis as we need to represent the intensity of solar photons with a certain wavelength, which depends on the path through the atmosphere and the intervening absorption and scattering.

3. Eulerian models

An Eulerian model is suitable for modelling a situation with many distributed sources, as it carries concentration values at every point on a grid. Due to the much-increased number of points represented, the chemistry is usually much simpler than in a Lagrangian model. 

· Rate of change of X at a fixed location: 

Mixing is much better represented by the diffusion term than by the random perturbations of the Lagrangian method. Typically K-theory or higher order turbulence closure schemes are used.

The Gaussian plume model of Practical 3 is a special case of the Eulerian formulation: if we assume constant eddy diffusivity with height (dependant on stability, roughness length etc.) and a single point source with continuous emission then the equation has an analytical solution. In the more general case one must use finite differences at every grid point to work out the time evolution of concentration throughout the model domain. Some interesting examples are:

· The detailed UK Atmospheric Dispersion Modelling System (ADMS) is used by local authorities for city-scale modelling of pollution.

· The Danish DREAM model, which employs the combination of a Lagrangian parcel model near the source with an Eulerian grid-point model downstream to represent pollution dispersion over the whole of Europe.

( Information about DREAM: http://www2.dmu.dk/AtmosphericEnvironment/WEPTEL/DREAM/
( Information about ADMS: http://www.cerc.co.uk/software/adms3.htm
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