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A THE ECOSENSE MODEL

A.1 Introduction

Since the increasing understanding of the major importance of long range transboundary
transport of airborne pollutants also in the context of external costs from electricity
generation, there was an obvious need for a harmonised European-wide database supporting
the assessment of environmental impacts from air pollution. In the very beginning of the
ExternE Project, work was focused on the assessment of local scale impacts, and teams from
different countries made use of the data sources available in each country. Although many
teams spent a considerable amount of time compiling data on e.g. population distribution, land
use etc., we had to realise that country specific data sources and grid systems were hardly
compatible when we had to extend our analysis to the European scale. So it was logical to set
up a common European-wide database by using official sources like EUROSTAT and make it
available to all ExternE teams. Once we had a common database, the consequent next step
was to establish a link between the database and all the models required for the assessment of
external costs to guarantee a harmonised and standardised implementation of the theoretical
methodological framework.

Taking into account this background, the objectives for the development of the EcoSense
mode] were:

to provide a tool supporting a standardised calculation of fuel cycle externalities,
to integrate relevant models into a single system,

to provide a comprehensive set of relevant input data for the whole of Europe,
to enable the transparent presentation of intermediate and final results, and

to support easy modification of assumptions for sensitivity analysis.

e o o o o

As health and environmental impact assessment is a field of large uncertainties and
incomplete, but rapidly growing understanding of the physical, chemical and biological
mechanisms of action, it was a crucial requirement for the development of the EcoSense
system to allow an easy integration of new scientific findings into the system. As a
consequence, all the calculation modules (except for the ISC-model, see below) are designed
in a way that they are a model-interpreter rather than a model. Model specifications like e. g.
chemical equations, dose-response functions or monetary values are stored in the database and
can be modified by the user. This concept allows an easy modification of model parameters,
and at the same time the model does not necessarily appear as a black box, as the user can
trace back what the system is actually doing.
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Figure A.1 Structure of the EcoSense model

A.2 Scope of the EcoSense model

EcoSense was developed to support the assessment of priority impacts resulting from the
exposure to airborne pollutants, namely impacts on health, crops, building materials, forests,
and ecosystems. Although global warming is certainly among the priority impacts related to
air pollution, this impact category is not covered by EcoSense because of the very different
mechanism and global nature of impact. Priority impacts like occupational or public accidents
are not included either because the quantification of impacts is based on the evaluation of
statistics rather than on modelling. Version 2.0 of EcoSense covers 13 pollutants, including
the ‘classical’ pollutants’ SO,, NO;, particulates and CO, as well as some of the most
important heavy metals and hydrocarbons, but does not include impacts from radioactive
nuclides.

A.3 The EcoSense Modules

Figure A.l shows the modular structure of the EcoSense model. All data - input data,
intermediate and final results - are stored in a relational database system. The two air quality
models integrated in EcoSense are stand-alone models, which are linked to the system by pre-
and postprocessors. There are individual executable programs for each of the impact
pathways, which make use of common libraries. The following sections give a more detailed
description of the different EcoSense modules.
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The EcoSense Model

A.3.1 The EcoSense database
A.3.1.1 Reference Technology Database

The reference technology database holds a small set of technical data describing the emission
source (power plant) that are mainly related to air quality modelling, including e.g. emission
factors, flue gas characteristics, stack geometry and the geographic coordinates of the site.

A.3.1.2 Reference Environment Database

The reference environment database is the core element of the EcoSense database, providing
data on the distribution of receptors, meteorology as well as a European wide emission
inventory. All geographical information is organised using the EUROGRID co-ordinate
system, which defines equal-area projection gridcells of 10 000 km? and 100 km? (Bonnefous
a. Despres, 1989), covering all EU and European non-EU countries.

Data on population distribution and crop production are taken from the EUROSTAT REGIO
database, which in some few cases have been updated using information from national
statistics. The material inventories are quantified in terms of the exposed material area from
estimates of 'building identikits' (representative buildings). Surveys of materials used in the
buildings in some European cities were used to take into account the use of different types of
building materials around Europe. Critical load maps for nitrogen deposition are available for
nine classes of different ecosystems, ranging from Mediterranean scrub over alpine meadows
to tundra areas. To simplify access to the receptor data, an interface presents all data according
to administrative units (e.g. country, state) following the EUROSTAT NUTS classification
scheme. The system automatically transfers data between the grid system and the respective
administrative units.

In addition to the receptor data, the reference environment database provides elevation data
for the whole of Europe on the 10x10 km grid, which is required to run the Gaussian plume
model, as well as meteorological data (precipitation, wind speed and wind direction) and a
European-wide emission inventory for SO,, NO4 and NH; from EMEP 1990 which has been
transferred to the EUROGRID-format.

A.3.1.3 Exposure-Response Functions

Using an interactive interface, the user can define any exposure-effect model as a mathematical
expression. The user-defined function is stored as a string in the database, which is interpreted
by the respective impact assessment module at runtime. All exposure-response functions
compiled by the various ‘area experts’ of the ExternE Maintenance Project are stored in the
database.

A.3.1.4 Monetary Values

The database provides monetary values for most of the impact categories following the
recommendations of the ExtenE economic valuation task group. In some cases there are
alternative values to carry out sensitivity analysis
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The EcoSense Model

A.3.2 Air Quality Models

To cover different pollutants and different scales, EcoSense provides two air transport models
completely integrated into the system:

o The Industrial Source Complex Model (ISC) is a Gaussian plume model developed by the
US-EPA (Brode and Wang, 1992). The ISC is used for transport modelling of primary air
pollutants (SO,, NOy, particulates) on a local scale.

e The Windrose Trajectory Model (WTM) is a user-configurable trajectory model based on
the windrose approach of the Harwell Trajectory Model developed at Harwell Laboratory,
UK (Derwent, Dollard, Metcalfe, 1988). For current applications, the WTM is configured to
resemble the atmospheric chemistry of the Harwell Trajectory Model. The WTM is used to
estimate the concentration and deposition of acid species on a European wide scale.

All input data required to run the Windrose Trajectory Model are provided by the EcoSense
database. A set of site specific meteorological data has to be added by the user to perform
local scale modelling using the ISC model. The concentration and deposition fields calculated
by the air quality models are stored in the reference environment database. Section 4 gives a
more detailed description of the two models.

A.3.3 Impact Assessment Modules

The impact assessment modules calculate the physical impacts and - as far as possible - the
resulting damage costs by applying the exposure-response functions selected by the user to
each individual gridcell, taking into account the information on receptor distribution and
concentration levels of air pollutants from the reference environment database. The
assessment modules support the detailed step-by-step analysis for a single endpoint as well as
a more automised analysis including a range of prespecified impact categories.

A.3.4 Presentation of Results

Input data as well as intermediate results can be presented on several steps of the impact
pathway analysis in either numerical or graphical format. Geographical information like
population distribution or concentration of pollutants can be presented as maps. EcoSense
generates a formatted report with a detailed documentation of the final results that can be
imported into a spreadsheet programme.

A.4 The air quality models integrated in EcoSense

A.4.1 Local scale modelling of primary pollutants - the Industrial Source Complex
model

Close to the plant, i.e. at distances of some 10-50 km from the plant, chemical reactions in the
atmosphere have little influence on the concentrations of primary pollutants, if NO and its
oxidised counterpart NO, can be summarised as NOx. Due to the large emission height on top of
a tall stack, the near surface ambient concentrations of the pollutants at short distances from the
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