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EXECUTIVE SUMMARY

1.

Acid deposition from the atmosphere may result in damage to terrestrial and aquatic
ecosystems. The principal anthropogenic emissions responsible for acid deposition are
sulphur dioxide and nitrogen oxides. Ammonia, arising mainly from agriculture, also
plays a part. Of these sulphur dioxide has traditionally had the major role.

In the UK, large point sources, principally oil and coal fired power stations, are
responsible for more than 75% of sulphur dioxide emissions. These sources are regulated
by the Agency as Part A processes under the terms of the Environmental Protection Act
1990.

The Hull Acid Rain Model (HARM) is used extensively to estimate the deposition of
acidity. In particular it is used to assess the effects of different scenarios for combinations
of emission limits for the major sources of sulphur dioxide.

It is common practice to assume that deposition is proportional to the emission of sulphur
dioxide, that is to say that a reduction in emissions will result in a proportional reduction
in deposition.

This assumption is based on the linear chemistry which is used in the HARM model but
has not been tested in practice.

The purpose of the work described in this report is to test the assumption by using the
model and scaling the deposition field by the magnitude of different emission and also by
using the model with separate individual emissions. The two sets of results are compared
to check whether they are the same.

It is shown that for both single sources and groups of sources together, the model does
behave in a linear manner. This is a valuable feature of the modelling because the results
can be manipulated to cover a range of scenarios without the need for multiple runs of the
model.

This result is accurate only so far as the assumptions of linear chemistry are justified. It
must be borne in mind that in practice there are situations when this may not be the case.

Keywords
Deposition, linearity, acid, sulphur.
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1. BACKGROUND

Output from the Hull Acid Rain Model (HARM) has been used extensively by the Institute of
Terrestrial Ecology (ITE) Monks Wood to determine the impacts of acid deposition on
sensitive ecosystems in the UK from sources across Europe and the UK in terms of critical
loads (CL) exceedance. As part of work for the Environment Agency, there has been
particular emphasis on major point sources, especially coal and oil fired power stations,
whose emissions to air have to be authorised by the Agency as Part A processes under the
terms of the Environmental Protection Act 1990 (Murley, 1996). In the light of commitments
under the European Community Large Combustion Plant Directive (1988) and the United
Nations Economic Commission for Europe Oslo Protocol (1994), changes in emissions of
SO, and the resulting total (wet + dry) S deposition, have been the primary interest. As a
receptor orientated Lagrangian model HARM is ideally suited for source attribution (Hough
and Eggleton, 1986) and footprints of both area and point sources can be produced. The
different source types (group or individual) can be ranked either in terms of their total S
deposition or in terms of their contribution to critical loads exceedance in a particular part of
the country. By scaling deposition fields for individual sources, or groups of sources, the
effectiveness of different emission control scenarios may be assessed (e.g. Metcalfe and
Whyatt, 1994).

In order to assess the effects of changes in authorised emissions limits for power stations in
England and Wales ITE have been scaling single source and multiple source sulphur
deposition fields produced by HARM 7.2. The deposition fields have been scaled on the basis
that the sulphur chemistry in HARM is linear, that is to say that a given increase or decrease
in emissions will result in a proportional increase or decrease in deposition. The aim of this
report is to test this assumption of linearity and investigate whether identical results are
produced by scaling existing deposition fields and by running the model with a specific set of
emissions.

2. SULPHUR CHEMISTRY IN HARM

The representation of sulphur in HARM has been described in some detail in Metcalfe et al.
(1995), with the chemistry still largely as set out in Buckley-Golder and Derwent (1986). In
the model, all sulphur is emitted as SO, and it is assumed that its conversion to SOy is driven
by hydroxyl oxidation at a basic rate of 1% per hour. In order to provide a simplified
representation of the seeder-feeder effect the standard oxidation rate is scaled by units of 250
mm rainfall. There is no oxidant limitation and the rate does not depend upon pH. Dry
deposition of S is generated through land-use dependent deposition velocities for SO, which
are independent of the concentrations of other pollutants in the atmosphere. Wet removal is
through scavenging coefficients (based on constant drizzle) with rates again scaled by rainfall
(in units of 500 mm) to represent orographic enhancement.

3. METHODOLOGY

Two versions of HARM 7.2 have been used. A multi-source version to produce deposition
footprints for European sources and industrial and low level UK sources and a single source
version to produce deposition footprints for individual power stations in England and Wales.
The effects of a large source (power station) may, therefore, be viewed in isolation (e.g.
deposition combined with critical load map to determine areas of exceedance from the power
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station alone) or as a component of deposition from all sources (e.g. percentage contribution
to critical loads exceedance).

The original deposition prints for individual power stations were based on 1991 emissions
data supplied by HMIP. Each power station creates its own unique spatial pattern of
deposition with higher levels of deposition close to source and lower levels of deposition with
increasing distance from source. The unique pattern of each print is the product of spatial
variations in wet and dry removal processes. These prints have been scaled upwards or
downwards to reflect increases or decreases in emissions at a power station relative to some
base year (e.g. Brown et al., 1995). The spatial pattern remains basically the same, the
amount of deposition per grid cell increasing or decreasing in direct relation to the change in
emissions.

4. SINGLE SOURCE EVALUATION

In order to determine whether the assumption of linearity applies to the individual deposition
prints we simply need to compare actual deposition prints for a particular source (generated
by model runs employing specific emissions) with deposition prints produced from scaled
model output.

For the purposes of this report a series of new scenario specific deposition footprints have
been generated for Drax power station (North Yorkshire). These new footprints have been
compared against prints produced through scaling the original Drax footprint supplied to ITE
in 1994. The original deposition footprint for Drax power station is depicted in Figure la.
The scaling factors required to convert the original print into a range of different scenarios
are as follows:

Scenario Emission (k tonnes SO;) Scaling factor
1991 236.5 1.0

1994 160.8 0.679

2010 24.7 0.104
Authorisation 324 1.369
National plan 270 1.141

In order to assess whether there are significant differences between modelled and scaled
deposition footprints we need to compare a) the deposition budgets of the modelled and
scaled fields and b) estimates of deposition from both the modelled and scaled fields at a
range of sites across the UK (Figure 1b).

Area-weighted deposition budgets for scenarios generated by specific model runs and by
deposition print scaling are as follows:

Clearly, the deposition budgets are very similar and small differences in the budgets may be
attributed to rounding errors in the scaling calculation. Modelled and scaled estimates of
deposition at the chosen sites (Figure 1b) are listed in Table 1. Differences between modelled
and scaled deposition estimates at the sites are again very small and may also be attributed to
rounding error. There is clearly no spatial variation in the difference between modelled and
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Scenario Deposition (tonnes S):
Specific model run Scaled deposition field
1991 17028 17028
1994 11579 11578
2010 1779 1778
Authorisation 23380 23378
National plan 19441 19440

scaled deposition at the representative sites (discrepancies are of the same magnitude
irrespective of proximity to source) hence we can state with confidence that the assumption
of linearity holds for the single source implementation of HARM and that scaled deposition
prints are not significantly different to deposition prints produced from model runs employing
specific emissions.

5.  MULTIPLE SOURCE EVALUATION

The multiple source (standard) version of the model was tested in the same manner as the
single source version of the model. A series of new scenario-specific deposition footprints
were created for low level sources in the UK (Figure 2a) and for anthropogenic and natural
sources across Europe (Figure 2b). These were then compared against scaled deposition
footprints. The scenarios and scaling factors were as follows:

Scenario Emission (k tonnes SO,) Scaling factor
UK low level 1991 773.2 1.0

UK low level 50% reduction | 386.6 0.5

UK low level 75% reduction | 193.3 0.25

European 1990 38088 1.0

European 50% reduction 19044 0.5

European 75% reduction 9522 0.25

Once again, the deposition budgets for the modelled and scaled scenarios showed a high level
of agreement with minor discrepancies attributable to rounding error. The results of the site
specific comparison for UK sources (Table 2) and European sources (Table 3) also suggest
that differences between the modelled and scaled fields are minimal and well within the
limits of rounding error. Hence we can also state with confidence that the assumption of
linearity holds for the multi-source implementation of HARM and that scaled deposition
prints are not significantly different from deposition prints produced from model runs
employing specific emissions.

6. CONCLUSIONS
This report has demonstrated that the sulphur chemistry within the single source and the

multiple source versions of HARM is linear. Sulphur deposition footprints supplied to ITE
may simply be scaled upwards or downwards by an appropriate factor to reflect increased or
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decreased emissions at a single source or range of sources. This is clearly a very valuable
feature in terms of the ease with which model output can be manipulated, obviating the need
for multiple model runs. It should be borne in mind, however, that although the S chemistry
in HARM is linear, this is unlikely to be true in the real world; for example, liquid phase
oxidation of SO, by H,O; is highly non-linear. Changes in cloud water pH and oxidant
availability will change the rates at which sulphate aerosols are formed affecting transport
distance and the relative importance of wet and dry deposition. The amount of S dry
deposited may also be affected by changes in NH3 concentrations, although there is no direct
evidence for this in the available NH; data (RGAR, 1997). A further consideration is that
HARM is a coupled chemistry model, with sulphur tied in to the ammonia cycle through the
production of ammonium sulphate aerosol, so simple assumptions of linearity would not
apply in a multi-pollutant emissions reduction scenario.
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