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Abstract

Three upland Lake District Tarns, Scoat, Greendale and Burnmoor, have been evaluated using MAGIC (Model
of Acidification of Groundwater In Catchments) to reconstruct past, present and future chemical behaviour. The
modelled historical changes in acidity are compared with palaeoecological estimation of pH to demonstrate
model validity. Chemistry as simulated for all anions and cations and two of the three lakes are shown to have
undergone significant acidification. The effects of changing atmospheric pollution levels on lake chemistry is
evaluated and 80-90% sulphur reduction levels are required to achieve zero alkalinity. The impacts of increased
nitrogen deposition are assessed and are shown to further delay reversibility.

Introduction

Acidification is a continuing problem in upland Britain
where high loadings of oxides of sulphur and nitrogen
impact thin base—poor soils and create acid conditions.
There have been significant developments in understand-
ing the processes controlling acidification, particularly as
a result of the Royal Society Surface Waters Acidification
Programme (Mason, 1990) and pioneering research in
Scotland (Harrison and Morrison, 1982). Catchment
studies across the UK have provided data for process
studies and modelling of acidification trends. Jenkins ez
al. (1990a, b) and Whitehead ez a/. (19882, b, 1993)
applied models to catchments in England, Scotland and
Wales and Wright et al. (1990) and Cosby et al. (1985a,
b) simulated behaviour in catchments in Norway and
North America.

The Lake District in the UK is an area receiving high
loadings of acidic deposition and has a geology which is
susceptible to acidification (Kinniburgh and Edmunds,
1986). In this paper three upland tarns (see Figure 1)
have been studied to investigate trends in acidification,
explore critical loads and- to assess the potential for

reversibility and investigate the impact of nitrogen on
upland acidification.

The MAGIC Model

The MAGIC (Model Acidification of Groundwater in
Catchments) model developed by Cosby et al. (1985a, b),
has been explicitly designed to perform long term simu-
lations of changes in soil water and stream water chem-
istry, in response to changes in atmospheric acidic
deposition. The model is based on the assumption that
surface-water chemistry is determined by reactions taking
place in the soils within the catchment.

The model includes terms describing the important
phenomena controlling a system’s chemical response to
acid deposition, yet is restricted in complexity so that it
can be implemented on diverse systems with a minimum
of a priori data. It is a physically-based conceptual
model, using lumped representation of the spatially dis-
tributed catchment processes. The model is based on the
mathematical representation of the processes thought to
be the primary catchment controls on acidification
namely:
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