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ABSTRACT 

A regional numerical short-term (hours to days) sulfur dispersion model, interacting with a 
NWP-model with a detailed treatment of clouds and condensation, is formulated and tested. 
The model has 10 layers in the vertical, 50 km horizontal resolution and covers NW-Europe. It 
is initialized with model-simulated fields of sulfur dioxide and sulfate in air, based on realistic 
sulfur S02 emission fields. A simple parameterization scheme for dry deposition, oxidation, 
uptake by clouds and deposition by precipitation is applied. The numerical treatment ensures 
positive-definite and mass-conserving solutions. A comparison between a 36-h integration on 
a real synoptic situation and surface measurements, suggests that the wet deposition of sulfate 
and the sulfate in air is underestimated over Scandinavia. S02 in air is overestimated close to 
the sources. The simulations indicate that both the oxidation rate and the vertical transport by 
eddy diffusion are too low. 

1. Introduction 

The increasing environmental impacts of 
man-made ·emission on the atmosphere, have 
made a strong need for development of regional 
air pollution models. Together with pollutant 
measurements a regional air pollution model 
coupled to a meteorological model is necessary 
for the understanding of the transformation, 
dispersion and removal of pollutants. 

This type of coupling has been introduced in 
regional Lagrangian models for studying the long 
term (months and years) transport of sulfur and 
nitrogen compounds in Europe (Eliassen and 
Saltbones, 1983; Hov et al., 1988). Attempts have 
also been made to simulate short-term (hours and 
days) transport by regional Eulerian model. 
Pudykiewicz et al. (1985) apply dry air sulfur 
and nitrogen chemistry to a 3-D numerical 
weather prediction model in North America. 
Charmichael and Peters (l 984a, b) use meteoro­
logical fields analysed from observations to simu­
late 3-D sulfur transport in the lower troposphere 
over North America. The importance of in-cloud 
and precipitation processes to pollution transport 
and removal, has increased the efforts of 
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modelling these processes. Charmichael et al. 
(1986), Tremblay and Leighton (1986) and 
Rutledge et al. (1986) utilize simplified meteoro­
logical models to study parameterizations of 
clouds and chemical processes. Chaumarliac et 
al. (1987) use a 3-D mesoscale meteorological 
model for 2-D studies of a microphysical and 
chemical sulfur scavenging scheme. Chang et al. 
(1987) have formulated a 3-D treatment of differ­
ent chemical compounds including liquid phase 
chemistry together with an NWP-model. A 
comparison between precipitation chemistry data 
and results from this model is presented in 
Middleton et al. (1988). 

Even though elaborate 3-D chemical and 
meteorological models exist, the description of 
cloud/condensation/precipitation processes has so 
far received little attention and is often treated in 
a strongly simplified manner (Sundqvist et al., 
1989). Consequently the description of the cloud 
and precipitation dependent chemical processes 
in these models become quite uncertain. The aim 
of this paper is to couple a regional sulfur trans­
port model to a 3-D meteorological model, with 
emphasis on including the wet scavenging of 
sulfur (the most important component in acid 






































