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Abstract  Air quality models are extremely vaiuabie for environmental planning ard management, as they may be used to siug:iy
complex scurcefreceptor relationships. The aim of this paper is to present a survey of atmospheric sirr-:t.xlanon mot.iels and'us
applications for air quality management in different mode] scales. To provide an example for the usability of an a;r-poliutlon
simulation systemn, the DPYMOS system is described. Afr quality management systems based on DYMOS permit an integrated
quantitative and qualitative analysis of the air guality in urban and industrial areas. In particular it supports historical investigations,
prediction of trends and planning issues. Applications of the DYMOS system as basic module of different management decision
support systems for different purposes will be presented. These applications are mainly performed in the frame of European

COOPEration projecis.

1. HISTORY AND TASES

During the past decade atmospheric modelling and air quality
analysis have been significantly improved by developing
comprehensive 3D simulation models describing the transport
and chemical rransformation of air pollutants, taking into
account complex flow and dispersion characteristics. The
mode! domain ranges from microscale (street canyon, fow
around buildings) over mesoscale (urban and industrial areas)
to macroscale applications (continental pollutant transport,
giobal climate research). In recent years, increasing
computing capacity (and its use by parallel programming)
made it possible 1o run realistic secenario analyses in an
acceptable time and to cnable smog predictions at
all{compuiation time less than simulation period). Nowadays
wwo developments in atmospheric research can be observed:

b efforts for building air quality mapagement systems, e.g.

= enlargement of existing model systems in order to
inciude models for controllable parts like traffic;

= iptegration of software environments into existing
model systems for the automation of experiments like
Monte Carlo algorithms, sensitivity analysis, etc.;

» integration of software environmems into existing
model systems for result verification and decision
support like GIS, statistics, expert systems,

ra

efforts for building forecast systems connected with

monitoring .. networks. . for.. meteorological. . data. . and.

emission and background concentrations. Through the
World Wide Web, forecast results can be presented to the
broad public.

In the following sections air quality management applications
hased on the use of the DYMOS system will be presented.
These applications are mainly performed in the frame of
Eurepean cooperation projects.
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2 THE SIMULATION SYSTEM DYMOS

Al GMD FIRST the DYMOS system has been developed
{Sydow 1996), a parallelly implemented air pollution
simulation system for mesoscale applications. The DYMOS
system consists of different meteorology/iransport models for
various application purposes including an air chemistry
model for the calculation of photochemical oxidants like
ozone. The core of the model system is formed by a
hydrostatic mesoscale Eulerian model with a low vertical
resolution for fast operational forecast tasks (enhanced
version of REWIMET - Heimann 1983) and a non-
hydrostatic mesoscale Eulerian model with a high vertical
resolution and complex parameterization facilities {enhanced
version of GESIMA - Kapitza and Eppel 1992). The air
chemistry model (Gery, Whitten and Killus 1988) involves 34
species in 82 reaction equations for simulating the
photochemical processes in the lower atmosphere. The maodel
system takes into account surface uptake processes as well as
bicgenic emissions. The current version of DYMOS also
contains a mesoscale Lagrangian model {Gerharz, Mieth and
Sydow 1996).

In addition to the implemented models, the DYMOS system

includes a database for model input and simulation resulis

and a graphic user interface visuazlizing data in spatial

relatiens. The simulated air pollutants concentrations can he

displayed cither as a two-dimensional raster images or in the

form of. a helicopter. flight. In. the latter case, an. aliltude .
profile is overlaid with a satellite picture of the earth surface,

Concentration ranges of air pollutants are visualized using a

colored transparent layer (Walter 1997).

Figure | shows the functional organization of the DYMOS
system, including daiabase, visualization software and the
integration of two additional simuiation models for traffic
flow (DYNEMOG)} and traffic emissions.
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Figure I. Structure of a simulation system consisting of DYMOS and two additional models

3. REGIOMAL OZONE ANALYSIS AND
FORECAST

Various case studies of sumimer smog conditions in urban
areas have been carried out using the DYMOS system. The
Department of the Eavironment of the Berlin State
Government and the Ministry for Environment of the State
Brandenburg commissioned different summer smog analyses
accompanying a measuring campaign carried out in July 1994
(Mieth and Unger 1996), Greenpeace commissioned an
anatysis of the influence of emissions caused by traffic in
Munich on the ozone concentration in the Munich area. The
analysis was performed for a typical mid-summer day in 1994
(Smid 1996). In order to inform the public about ozone
concentrations, the DYMOS system is currently in its test
phase for the operationat daily forecast of near surface ozone
concentrations in the Berlin-Brandenburg region. Figure 2
shows typical raster images for an ozone forecast as in the
aear future (next summer period) o be found on the WWW

pages.of a Berlin radio station, The. further development and -

application of the DYMOS system is characterized by two
main factors:

*  the integration of new models into DYMOS and

*  the use of DYMOS (or parts of DYMOS) as component of
air quality managemnent systems developed within the
frame of European cooperation projects,

4. DEVELOPMENT OF AN INTEGRATED
ENVIRONMENTAL MONITORING AND
SIMULATION SYSTEM

The ECOSIM project (funded by the European Commission
in the Telematics Applications Programme} builds up a
prototype of an envirommental monitoring and simulation
system including advanced visualization and analyzing
capabilities for urban areas. Its main features are designed for
planning, analyzing and forecasting within the field of air
quality management and decision support. It is based on the
idea of connecting air gquality models with geographical
information systems (GIS) and monitoring networks {Fedra
19953 Public authorities in Berlin {Germany), Athens
{Greece) and Gdansk (Poland) will provide day-to-day
feedback to the BCOSIM developers and will apply the
System to their cumrent emvironmental problems. In the
ECOSIM system, DYMOS is coupled with MEMO, an
Eulerian mesoscale atmospheric model  {Moussiopouios

-1989) - caleulating - the - wind - -field "and - all - imporiant

meteorological parameters {e.g. temperatures, stability,
pressure, solar radiation). Due to advanced paramelterizations.
MEMO is able to describe wind fields in complex terrain, e.g.
sea breeze effects.
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Predicted surface-near ozone concentrations for a typical mid-summer day in 1997 in the Berlin-Brandenburg region

with wind from East (left: forecast for 1200 CET, right: forecast for 1500 CET)

ENVIRONMENTAL RISK MANAGEMENT

The HITERM project (funded by the European Commission
i the ESPRIT Programme) aims at reaching better-than real
time performance for the simulation of accidentat release of
hazardous substances into the aimosphere, ground and
surface water, The HITERM system inlegrates various
simulation models (partly from the DYMOS system) for
describing technofegical risk and emergency situations. In
particular HITERM includes:

« models for chemical spills or runawayfundesirable
reactions, leading 1o (i) atmospheric dispersion of a toxic
zas or svaporating liquid; (ii) fires and explosions of a gas,
tiquid or evaporating liquid; (ii1) transport and dispersion
in soil, groundwater and surface waler systems;
pre-processor codes such as 3D diagnostic wind fieid
madels and source models such as spill/pocl or tank
~ cvaporation models;

«  routing algorithms for transportation risk analysis;

= jmpact models,

The demonstrator applications of the HITERM system cover:

dynamic adaptive routing:

The route optimization of the vehicle fleet (tanker trucks
with hazardous cargo) of a Portuguese oil company
through its distribution {road) network will be performed
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taking inte account dynamically updated environmentat
risk criteria.

transportation accident simulation:

The case study witl address transportation risks (roads and
railways) of hazardous goods in the Canton of Uri which
is part of the Gotthard alpine transit corridor linking
France and (Germany with [taly.

chemical process and storage plant accidents:

The case study for process plant accidents will be carried
out in Ponte San Pietro near Bergamo, Northern Laly.

TRAFFIC FLOW AND EMISSION
WMIODELLING

6.

In order 1o obtain an comprehensive picture of pollutant
concentrations in the urban area and its surroundings and (o
simulate the effects of different traffic control measures, an
integrated simuiation system for traffic flow, traffic SNISSIoNns
and’ dir quality ‘must be available: The project SIMTRAP
(fanded by the European Commission in the ESPRIT
Programme) aims at the development of such a system
integrating mescscale models for waffic  fow, traffic
emissions, meteorolpgy, nir pollutants transport aad air
~hemistry. To this end the DYMOS system will be coupled
with the waffic flow model DYNEMO (Schwerdtfeger 1984),
uing a traffic emission model as interface. Following the
derronstrator implementation, first test applications and case



siudies are planned for three conurbations in Europe. In
addition to the region of Berlin (Germany), the regions of
Vienna (Austria). Milane (laly) and Maastricht {The
Netherlands) are involved in this project.

7. TRAMNSBOUNDARY AIR POLLUTION

The DYMOS group is also interested in siudying the long-
range transport of air poilutants and the environmental effects
in different areas of Europe in order to assess alternative
control strategies, In this field a cooperation exists with the
International Institute for Applied Systems Analysis (ITASA),
Laxenburg, Austria and EMEP’s Meteorological Synthesizing
Centre - West (MSC-W) at the Norwegian Meteorological
Insutute, Osto. Here, the employed model is the MSC-W
orene model, 2 single-laver Lagrangian trajectory model
caleulating concentrations of photochemical oxidants every
six hours for a set of up to 740 arrival points covering ali
Europe {Simpson er al. 1997). In order to carry out large
numbers of scenaric ruas in an acceptable iime, the MSC-W
mrodet has been parallelized resuliing in a significant decrease
of computing time (Unger 1996},

8. EARTH OBSERVATION DATA CONVERSION
WITH APPLICATION TO AIR QUALITY
FORECAST

In order to use model systems for scenario analysis or air
poliution forecast, various kinds of input data of the model
domain are necessary:

¢+ digital elevation map
*  mformation about land use
+ data for the parameterization: of surface effects
*  vegetation types

data characterizing meteorological conditions
¢ duta characterizing air pollution situation
* emission inventory.

The use of image processing for converling earth observation
data offers the possibility to update simulation input data
more dynamically, e.g. using current maps and taking into
account the seasonal change of the vegetation patiern.
Furthermore, there exists a variety of model parameters
which can be determined in a more objective manner by
means of satellite images. Various metearological input
quantities are often only sparsely available from surface
observations, but can be detected with a high spatia]
resolution  from remote semsing data. Morgover, new
apportunities are available in model evaiuation procedures by
the usage of carth observation data,
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