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There has been increasing interest in the use of integrated mesoscale pollution transport models both in Europe and the United States.  However, apart from the NAME model operated by the Met Office, there has been little work undertaken in the UK to develop these advanced models. 

Recently the Joint Environmental Programme (JEP), on behalf of the U.K. electricity generators, has undertaken development of a UK version of Models-3, a model which was originally developed by the US Environmental Protection Agency.  Models-3 was selected after a review of available models against a specification of requirements, including three key requirements:
1) a single framework which could address the range of air quality and deposition issues of concern to the JEP Companies

2) the ability to model at a range of spatial scales from local to single sources to transboundary scales

3) a degree of ‘future proofing’ in the model science

Models-3 was felt to meet these requirements: it is a ‘one atmosphere’ model which models all the relevant processes in a single model run; it provides a nested grid capability, and it has a modular approach to the model science which enables alternative science treatments to be selected for a given process. 

A broad review, jointly funded by the U.K. Environment Agency, has recently been completed of the capability of Models-3 for atmospheric long range transport and deposition modelling in the UK.  A model was built using a sequence of nested grids, from an outer 108km grid covering Western Europe, through a 36km grid covering the UK and part of Europe to a 12km grid covering England and Wales.  The assessment has been undertaken by comparison the output of the model on the 12km grid for the year 1999 with measured values for the same period. 
The model has been constructed by selecting the RADM chemical scheme with coupling to aerosol modelling and cloud processes together with ‘vanilla’ science modules and parameterisations within Models-3; no attempt was made to improve the comparison with measurements by modifying the model.

Meteorological data supplied by the UK Met. Office were used to generate the input data sets required by the meteorology preprocessor.  Two distinct Met. Office datasets were used for this purpose, both of which cover limited geographical areas: Mesoscale High Resolution data covering the immediate vicinity of the UK and Northern Europe, and Regional High Resolution data for the outer 108km grid.

CCTM requires gridded hourly emission files for the pollutants For area sources, emissions are confined to the lowest vertical layer, whereas point sources may emit into higher layers.   The emissions processing was performed using the SMOKE system. SMOKE converts annual emissions inventory data into a temporally resolved and speciated format suitable for input to Models-3.  As different source types have different temporal and speciation profiles, emissions must also be categorised by source type.
Comparisons were then made of the results of the model simulations with measurements at 10 acid deposition monitoring sites and 10 air quality monitoring sites. The parameters compared were; rainfall; wet-deposited S, oxidised N, and reduced N; and ground-level concentrations of SO2, NO2 (8sites), NH3 (4sites), and PM10 (4 sites), which represent the major parameters determining acid deposition and air quality in the UK. 
The table below illustrates the model performance by summarising the correlation coefficients for weekly modelled and measured wet depositions over the year, and the ratio of the annual mean modelled: measured deposition.

	
	Correlation 
	Mean Annual Modelled/Measured

	
	Rainfall
	SO42-
	 NO3-
	 NH4+
	Rainfall
	 SO42-
	 NO3-
	NH4+

	Barcombe Mills
	0.62
	0.62
	0.39
	0.47
	0.69
	0.69
	1.03
	1.64

	Bannisdale
	0.71
	0.44
	0.14
	-0.01
	0.83
	0.58
	0.65
	0.75

	Bottesford
	0.82
	0.74
	0.70
	0.72
	1.41
	0.92
	1.05
	1.11

	Compton
	0.85
	0.78
	0.82
	0.78
	1.07
	0.65
	0.81
	0.83

	Eskdalemuir
	0.83
	0.58
	0.50
	0.51
	0.98
	1.06
	1.55
	2.11

	Flatford Mill
	0.68
	0.59
	0.59
	0.19
	1.25
	0.75
	0.92
	1.04

	High Muffles
	0.87
	0.68
	0.70
	0.71
	0.95
	0.57
	0.68
	0.78

	Preston
	0.80
	0.73
	0.73
	0.74
	1.15
	0.80
	0.93
	0.91

	Tycanol Wood
	0.57
	0.61
	0.61
	0.31
	1.15
	0.63
	1.12
	1.76

	Yarner Wood
	0.78
	0.61
	0.72
	0.62
	1.10
	0.85
	1.13
	1.84


The main conclusions found from the study are:
· At 12km resolution, Models-3 gives reasonable simulations of the wet and dry deposition of sulphate, nitrate, and reduced nitrogen species.

· It also gives reasonable simulations of the atmospheric concentrations of SO2, NO2, NH3, and particulate.

· Agreement with measurements for wet deposition improves with increasing averaging time and the model gives good results for an annual simulation, the period of most interest for acid deposition.

· Models-3 performance for wet deposition compares favourably with the EMEP Lagrangian model.

· Rainfall obtained from Numerical Weather Prediction (NWP) models is inherently limited by the fact that it is a sub-gridscale process represented within the meteorological model.

· Total deposition maps are in fair agreement with interpolated measurements.

· Models-3 is suitable model for use as a high-resolution long-range transport model for the UK and Europe.
