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Abstract

European concerns about the consequences of anthropogenic impacts on environmental quality have led to the establishment of
numerous ecosystem-scale manipulation experiments. This site-specific experimentation has also led to the development of var-
ious dynamic modelling approaches through which the consequence of impacts over time can be assessed. Similarly, through-
out Europe, there has been extensive collection of regional data on “environmental capital” resulting in the production of wide
area mapping of environmental quality (soils, land use etc). The aim of the DYNAMO was to integrate data and models,
specifically; (1) to enhance the existing process based models to evaluate the impacts of multiple drivers of environmental change;
(2) the evaluate these models at intensively studied (and manipulated) catchments and stands; (3) to scale up in time from obser-
vations collected over several years to predict the long term impacts over decades, and (4) to scale up in space from the indi-
vidual site level to regional, National, and European scale. The project aims to develop and enhance regional modelling
approaches so that European scale impacts of acidic deposition, land use (forestry practices) and global change can be deter-
mined without compromising process level understanding of ecosystem function. The DYNAMO project contributes to the EU
TERI (Terrestrial Ecosystems Research Initiative) framework of the Environment and Climate Programme of the European

Commission.

Introduction

The development of predictive mathematical models is
fundamental to understanding of how systems function.
They provide necessary feedback into the planning of
future research. They also allow for the testing of scientific
hypotheses, and have a pivotal role in the synthesis of the
requirements of policy makers and resource managers with
those of the research community.

Many International and National agencies have collected
regional data in response to statutory monitoring require-
ments, driven primarily by European legislation (Stanners
and Bourdeau, 1995). Although environmental pressures
are global in context, even at an European scale much of
the information that is available is often inadequate to pro-
vide the basis for rigorous assessment and accurate analy-
sis of the state of the environment and how it has
responded to anthropogenic influences. Dynamic ecosys-
tem models can assist in the prioritisation and develop-
ment of monitoring networks by identifying key parameter
interactions, and highlighting areas of uncertainty. Their
dominant role, however, is in the analysis of the impact of
different scenarios of anthropogenically driven environ-
mental change.

There is a requirement for such predictive models to be
amenable to implementation at multiple sites or at a
regional basis to address the impacts of global change
responses, and for the development of a robust and sus-
tainable International Environment Policy. In such situa-
tions, model complexity must be maintained at a level
consistent with process knowledge while recognising simul-
taneously, that management needs often require model
applications in situations where data are sparse or incom-
plete. The use of spatial mapping technologies and data-
manipulation frameworks such as Geographic Information
Systems (GIS) combined with advances in computer
technology allow for the development of both temporal and
spatial representations of impacts to be mapped at the
European scale. Such spatial representations form a strong
basis for policy assessment and development, such as the
determination of critical loads (Posch et al.,1997).

The focus of the DYNAMO programme of research is
on biogeochemical cycling in terrestrial ecosystems, and
the effects on soil, surface and ground water quality in
catchments. Integrated European process-based research
programmes, have created substantial databases and the
utilisation of such data in modelling studies maximises
the potential value of this research. DYNAMO aims to
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integrate these data with dynamic models within a spatial
framework, extrapolating understanding of systems at the
individual stand and site level to the larger units of eco-
type, landscape, region and continent.

OBJECTIVES OF DYNAMO PROJECT:

* Enhance current model structures to evaluate the syner-
gistic effects of global environmental change, and
develop appropriate modelling approaches for regionali-
sation;

* Apply and evaluate these dynamic biogeochemical mod-
els at intensively-studied (and manipulated) catch-
ments/large forest stands;

* Use these models to scale up in space from the catch-
ment/stand to the regional and continental scale;

* Use these models to scale up in time from observations
over several years to predict future impacts over decades
under scenarios of global change, acid deposition and
land-use (Fig. 1).

Figure 1: Environmental driving variables and principal research
groups involved in the DYNAMO project. GB — Macaulay Land
Use Research Institute and the Institute of Hydrology; NO —
Norwegian Institute for Water Research; NL — SC-DLO Winand
Staring Center; FI — Finnish Environment Institute.
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The DYNAMO project contributes the EU TERI
(Terrestrial Ecosystems Research Initiative) framework
(Menaut and Struwe, 1995) which is part of the
Environment and Climate Programme of the European
Commission, in the Fourth Framework Programme. Its
aims are to improve the ability of ecosystem science to pre-
dict the consequences and interactive effects of changes in
land use, climate and atmospheric composition and physics
on three main areas of primary concern for European ter-
restrial ecosystems:

* carbon, nutrients and water pools and fluxes, and related
trace gas emissions;

* biodiversity in terms of its significance for ecosystem
functioning;

* future landscape patterning constrained by changes in
the above;

(Lawton et al., 1998).

Methodology
MODEL DEVELOPMENT

Three main objectives were defined for the modelling
activity undertaken in the DYNAMO project. These were
linked to the development of a range of approaches capa-
ble of simulating ecosystem/catchment scale responses to
environmental drivers at a range of spatial scales. These
were:

1. The development of models capable of extrapolating
ecosystem/catchment responses to enhanced nitrogen
deposition against a background of declining sulphur
deposition (RECOVERY models);

2. The development of models capable of predicting
ecosystem responses to interactions of climate change
and enhanced nitrogen deposition (C/N models);

3. Extrapolate site/stand models to the regional, national,
and European scales (REGIONAL models).

The first two objectives for enhancing model structures are
compatible with the development of approaches to eluci-
date potential synergistic effects of the main environmental
drivers of change; however the main scientific challenge
within the DYNAMO project was to extrapolate from the
site to European scale.

Regionalisation techniques are necessary to provide
meaningful information for evaluating environmental con-
sequences of alternative control strategies of emissions of
acidifying air pollutants and greenhouse gases. These
methods are based on new kinds of mathematical con-
structs that are no longer calibrated just for individual
sites, field plots, stands or catchments, but can make use
of spatial information.

Model complexity is strongly determined by the degree
of spatial and temporal resolution in available data, and
appropriate process representation. Simple empirical mod-



els need relatively few input data and they generally do not
allow quantification of impacts, since the empirical rela-
tionships are derived from present-day conditions.
Predicting responses by site specific application of complex
process-oriented models to detailed records (in particular,
those responses determined from large scale ecosystem
manipulation experimentation) represent the best formula-
tions of the functioning of systems. Indeed, in an ideal
world where data availability and quality were not limit-
ing, the application of highly mechanistic modelling
approaches in a regional context would be the ultimate
goal. However, there must be a trade off made between
model complexity and data resolution, such that
scientifically robust determinations of regional responses
can be determined.

As a compromise, simple process-oriented models are
presently the best available starting point for assessing the
impacts of a changing atmospheric composition on soils
and surface waters. There are numerous process-based
hydrochemical models such as MAGIC (Model of
Acidification of Groundwaters in Catchments) (Cosby ez
al., 1985a, 1985b), MAGIC-WAND (MAGIC-With
Aggregated Nitrogen Dynamics) (Ferrier et al., 1995;
Jenkins et al., 1996), MERLIN (Model of Ecosystem
Retention and Loss of Inorganic Nitrogen) (Cosby et al.,
1997), SMART/SMART 2 (Simulation Model for
Acidification’s Regional Trends) (de Vries et al., 1989,
Posch et al., 1993; Kros et al., 1995), RESAM (Regional
Soil Acidification Model) (de Vries 1995), NUCSAM
(Nutrient Cycling and Soil Acidification Model)
(Groenenberg et al., 1995). To achieve regionalisation,
cither site level deterministic models must be simplified
according to sensitivity analysis or different models should
be developed to operate at different scales. Indeed, com-
parison between models of different complexities at the
same site allows for the adaptation of the simpler model-
ling approaches which enhances the mechanistic and quan-
titative nature of the model output (Mol-Dykstra et al.,
1998). It is important that the selection of the approach
employed is linked to the intended use of the model out-
puts (e.g. scientific hypothesis generation, or policy evalu-
ation).

Acidification models represent a logical starting point
also for the analysis of the combined effects of changes in
climatic conditions, land use and atmospheric deposition.
These models already include descriptions of many of the
key processes affected by changes in temperature and
hydrological characteristics (e.g. weathering, cation
exchange, nutrient uptake by different ecotypes).
However, further extensions of the models require the
improvement of the physical description of the water bal-
ance, and descriptions of organic matter dynamics as a
function of temperature, CO; and soil water content
(Groenenburg er al., 1998, van der Salm ez al., 1998).

An example of the process of regional model develop-
ment (objective (3)) which is also compatible with objec-

~

The DYNAMO Project: An Introduction

tives (1) and (2) can be highlighted by considering the evo-
lution of the MAGIC suite of modelling approaches (Fig.
2).

MAGIC is a process-oriented, intermediate-complexity
dynamic model for the long-term reconstruction and
future prediction of soil and surface-water acidification at
the catchment scale (Cosby ez al., 1985 a,b). MAGIC uses
a lumped parameter approach to (1) aggregate the complex
chemical and biological processes active at the catchment
scale into a few readily described processes and (2) repre-
sent the spatial heterogeneity of soil properties throughout
the catchment. The model comprised a simplified version
of nitrogen responses involving a net catchment retention
to calibrate simulated nitrogen against observed nitrogen
in streamwater. This net retention is the integrated result
of all the fluxes and processes of the terrestrial nitrogen
cycle.

The MAGIC model has been applied to catchments in
the USA (Cosby ez al., 1985b), Scandinavia (Wright and
Hauhs, 1991) and the UK (Jenkins et al., 1997) and has
proved to be a powerful tool for assessing the likely future
consequences of changing acidic deposition (in particular
sulphur deposition) and land use on soil and surface-water
acidification status. The ‘generic nature of this lumped
approach combined with intermediate complexity, alows
for a high degree of transferability to different catchments,
and hence represents a useful tool for regional assessments
(objective 3) (Helliwell ez al., 1998 a,b; Evans et al., 1998;
Sefton and Jenkins, 1998;+Collins and Jenkins; Cosby and
Wright, 1998)

MAGIC-WAND represents an extension to the
MAGIC model to incorporate the major fluxes and
changes in fluxes of nitrogen through time. The key ele-
ment of the model is that the nitrogen dynamics are fully
coupled to the existing sulphur driven model (objective 1)
(Ferrier et al., 1995; Jenkins et al., 1996). The model struc-
ture is designed to enable assessment of future soil and
water response to a specified future scenario of nitrogen
deposition. Assumptions relating to the uptake capabilities
of the vegetation and future land use change can be
assessed, and regional responses evaluated through multi-
ple site calibration (objective 3).

The model MERLIN considers linked biotic and abiotic
processes affecting the cycling and storage of nitrogen in
terrestrial ecosystems and losses to the aquatic environ-
ment (Cosby et al., 1997; Emmett ez al., 1997). The model
is aggregated in space and time and contains compartments
intended to be observable and/or interpretable at the plot
or catchment scale. Nitrogen fluxes are controlled by car-
bon productivity, the C:N ratios of the organic compart-
ments and inorganic nitrogen in the soil solution. The
model is, therefore, a more complex mechanistic represen-
tation of the dynamic of nitrogen and carbon in terrestrial
ecosystems, and provides an excellent evaluation tool for
the interaction of atmospheric nitrogen deposition with
climate change (objective 2) (Wright et al., 1998a). The
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