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Comparison of mass batance critical foads and exceedances using non-marine

and total (non-marine + marine) deposition

1 Background

Over the vears there have been many discussions in the CLAG soils sub-group regarding the
use of "total” (ie. non-marine plus marine} base catiens and <uiphate for critical load and
exceedance calculations. It has been argued that the inclusion of marine salts in the
calculations resembles more closely the actual processes which occur in natural systems.
particularly in regions, such as parts of the UK, where marine salts form a major component

of the deposited 1ons.

Until now. marine ions have been omitted from all calculations both in the UK and m the
UNECE. For the UK, this has made no practical difference to the estimation of exceedances
using the empiricaily derived soil critical loads since the manne ions appear only in the
deposition component of the calculation. For this. marine cations balance marine amons. The
omission has been convenient in practice because marine salts cannot be inciuded in modeiled
deposition estimates, either for the UK using HARM. or for Europe using the EMEP model.
The difficulties of including marine salts in future exceedances and scenarto development

have therefore not arisen.

However, with the use of the recently developed Simple Mass Balance {SMB) eguation for
calculating critical loads, base cation deposition becomes a conipanent of the critical loads
caleulation,  Consequently, while marine salts in the depositon will "balance out”, the
changed critical loads values may have significant effects on the critical loads and exceedance

maps.

Before the final datasets are sent to the CCE (in Mav 19955 it was deemed necessary 10
investigate the possible effects of the inclusion of sea saits o SMB calenfations. This report
describes the results of calculating critical Toads of acidity and exceedances using nen-manne

and total (inarine plus non-marine) deposition fields. The work will also influence which



1.

approach to deposition is used in UK critical loads calculations 11 the future.

The report that follows is divided into two sections. In section 2 the critical load of acidity
is calculated and a simple exceedance derived by subtracting sulphur deposition; this s
ignoring the neutralizing effect of buse cations in an analogous fushion to past use of the

empirical map for soils in the UK. In section 3, net basc cation deposition 1s included by

calculation of the term CL__(S) from the critical loads function. Northern Ireland mapped

on the Trish grid and moved to an approximate position next to Great Britain is included on

all maps.
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Critical Load of Acidity (CL(A})

The Simple Mass Balance (SMB) model used for caleulating the crivcal load of acidity

(CL{A)) is summarized below using the standard UNECE notation, where possible:

15 + BCle |15 «BCle /, .., | ®
CL(A) = ANC . /k bb] . Q%
La) w’ BC : Al [ BC : Al &t ¢

Where:
ANC, = Acid Neutralizing Capacity produced by weathering the middle of the Skokloster
range values are used, peat squares are sel 10 7ero
BCle = base cation leaching
BCle = BCa - BCu
Where:
BCa = base cation availability
BCa = max ( ( 0.8 ¥ ANC,_ + BCdep - BClemin ) . 0)
Where:
BCdep = base cation deposition {wet + dry)
{1989-92 deposition values at 20km as supplied by NETCEN are used.
For acid grassland and heathland the low vegetation deposition field is
nsed, for woodland the woodland deposition field is used|
B Clemin = minimum base cation feaching
BClemin = Q * BC1 * 0.01
Where:
Q = lkm runoff data supphed by the Institute of Hydrotogy
BCl = limiting concentration for uptake of base cations (2 peg/h
B Cu = net uptake of base cations
BCu = min { BCumax , BCa)
Where:
B Camax = maximum uptake of base cations

BCumax = (u *vc ) /8



Where:
u = hase cation uptake ie 0.0 for acid grasslund and heathiand
(.27% for woodland
ve = vield class - this vanable applies to woodland onty. For acid
grassland and heathiand the class s set to zerol
for woodiand the Norway Spruce vield class of
10 1s used
kgibb = gibbsite coefficient - this Is setto 1 x 10%* for all soil-vegetation systems
BC : Al = base cation to aluminium ratio le acid grassland = 1.0

heathland

2

Ln

1.4

woaodland

The maps presented in this report are hased on two versions of the Simple Muass Balance
(SMB) model. Version SMB3/4 uses a new value for the limiting concentration for uptake
of base cations - changed from 135peq/] to 2jeq/l. Version SMB3/5 calculates the critical load
for acidity using the same variables but with total (marine plus non-marine} base cation

deposition. The base cation deposition contains calcium and magnesium only.

2.1 Critical load for acidity CL(AV_ o

The critical load for acidity calculated using version SMB3/4 of the model and based on non-
marine base cation deposition for 1989-92 is shown in Figure 1. Acid grassland is seen 10
he the least sensitive soil-vegetation system, followed by heathland and then woodland. On
the latter, small critical loads occur in Wales, Scotland and Northern [reland. Table 1 lists
the area of the country within the different critical load classes for cach of the soil-vegetarion

Sy sIeImS.

2 Exceedance of CL{A), ... by non-marine sulphur deposition

T

The exceedance of the critical load of acidity for soils (SMB3/43 i< based on non-marine (wet
+ dry) sulphur deposition for 1989-92 (Figure 2). Non-marine sulphur deposition for low

vegelation is used to caleulate exceedance of acid grassland and heathland critical loads. For



woodland CLIAY, ., L. EXCeedance 1s based on non-marnne sulphar deposition for woodiand.
I alt three cases {acid grassland, heathland and woodlandy. much of the Midlands and north
of England are within exceeded areas as a result of high sulphur deposition in these areas.
Overall. exceedance of the woodland CL(AY ... is the highest. For this soil-vegetation
system, significant portions of the UK are exceeded (23 7 %) ancluding the sensitive areas
of Scotland and Wales. Table 2 lists the area within each exceedance class for acid grassland,

heathland and woodland.
2.3 Critical load for acidity CL{A)

Re-calculation of the critical load for acidity with marine plus non-maripe base cation
deposition (1989-92) used version SMB3/5 of the model. For all three vegetation types. this
greatly reduces the sensitivity of large parts of the UK (Figure 3). For example. in some 1km
erid squares, the critical load for acidity for woodland 1ncreases from < 0.2 t0 > 2.0 keq H'
ha' year’. The influence of the marine base cation deposition on CL{A),, arc more
significant in the western half of the UK reflecting the deposition pattern. A summary of the
area within each critical load class is given in table I alongside the equivalent figures for

CL(A),

Gh-manne”

[

4 Exceedance of CL{A}_, by total (non-marine + marine) sulphur deposition

Calculations of exceedance of CL{A),,,, using non-marine - marine sulphur deposition resulit
in reduced areas of exceedance for all three vegetation tvpes (Figure 4). As in section 2.2,
two different deposition fields are used in the caleuiation of these exceedance maps: for acid
grassland and heathland non-marine + marine sulphur depositien over low vegetation 18 used.
for woodland non-marine + marine sulphur deposition over woodland is used. The effects are
particularly marked for woodland - there is almost no exceedance in Scotland, Wales or
Northern Ireland using total suiphur deposition.  The east-west division of the country
produced by the CL{A),,, calculations tsection 2.3} has apparently been Jost as a result of
geographical variations in the sulphur deposition feld. These effects are due to the
distribution of marine + non-marine sulphur deposition and the patiern of the critieal toad

obtained when calculating CL(A)_,, using marine + non-marine base cation deposition.
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3 Maximum Critical Load for Sulphur (CL__ (5

The equation for the caleulation of the maximum c¢ritical joad or sulpbur 1s:
CL_.(8) = CL{A) + BCdep - BCu
Where:
CL(A) = critical load for acidity calculated in section 2 above
B Cdep = base cation deposition (wet + dry)
[1989-92 deposition values at 20km as supplied by NETCEN are used. For acid
grassland and heathland the low vegetation deposition fieid is used, for woodland the
woodland deposition field is used]
B Cu = net uptake of base cations
BCu = min { BCumax , BCa)
Where:
B Cumax = maximum uptake of base cations
BCumax ={u*yc)/8
Where:
u = base cation uptake ie 0.0 for acid grassland and heathland
0.278 for woodland
ye = vield class - this variable applies to w codland only.  For acid
orassland and heathland ihe class is set to zeroy for
woodland the Norway Spruce vield class of 10 is used

3 CL__ (%) (“maximum" critical toad for sulphur} using non-marine base cation

max - TR e

deposition

Using the equation detailed above, the maximum critical load for sulphur can be calculated
for cach soil-vecetation system. Figure 5 illustrates the results of calculating CL IS marine
from SMB3/4 using non-marine base cation deposition (1989-92 Critical loads are generally
highest for acid grassland followed by heuthland with woodland having the lowest values.

Table 3 details the areas within each critical Joad class for the three soil-vegetation types.

H




-

Exceedance of ClL._, (8)

ntan nea- manne

fd
[ £

by non-marine sulphur deposition

Exceedance maps of CL, (S, 1 e DY non-marine sulphur deposition are shown in Figure
6.

As in section 2.2, non-marine sulphur deposition for low vegetluiion ts used to calculate
exceedance of acid grassiand and heathland critical loads. For woodland CL__{S), oo
exceedance is based on non-marine sulphur deposition tor woodland. As for the CLEA, e
exceedance maps, there is 2 larger area and percentage arca in evcess of the critical load for
woodland than for the less sensitive heathland or acid grasslund. The areas of exceedance arc
recorded in table 4.

3.3 CL,_ (S),,, using non-marine + marine base cation deposition

When the calculation of CL_, (S), is repeated using CL(A),,. calculated with total {marine
+ non-marine) base catioen deposition, the critical loads values are much higher (Figure 7) than
those derived using non-marine data. The spatial distribution of critical load values is similar
to that seen in the equivalent CL(A),,, maps based on total deposition.  The east-west
division of the country is still evident although it is less marked. For all three soil-vegetation
systems, CL__ (S}, falls into the two highest classes (ie 10-200r>20keg H ha'vear’)
for much of the country. The results are summarised in table 3. It can be scen from the
maps and the tabulated results that differences between the n on-marine and "total” calculations

of CL__(S) are greatest for woodland soil systems.
3.4 Exceedance of CL_, (S}, by non-marine + marine sulphur deposition

There are virtually no areas of exceedance of CL, .[S),.. by marine + non-marine sulphur
deposition (Figure 8). Exceedances are calculated using the deposition data for low
vegetation for acid grassland and heathiund; for woodiand CL__(S), ., deposition for
woodland was used. As would be expected. the area of exceedance 15 largest for the most
vegetation type with the Jowest critical loads. ie for woodland. Differences between the two
CL,(S) exceedance maps are particularly evident for woodland. Using marine + non-marine
sutphur deposition, areas of exceedance are concentrated in the Midlands - the large areas of

excesdance shown in figure 6, in Scotland and Wales in particular, are lost. The areas of
g i

cxceedance for acid grassland, heathland and woodland are recorded in table 4.
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4 Conclusions

This exercise iliustrates the differences 1n critical loads and exveedances when using non-
marine and “total” {(marine + non-marine) deposition for the caleulutions, While it 15 to be
expected that critical loads values will change by including marine base cations 1L 1s more
surprising that exceedances are so different. It s clear that differences occur irrespective of
whether a simple calculation is made of exceedances using CLiA) and suiphur deposition, or
whether a net acidity calculation is made taking into account the neutralizing cftfect of base

cations, ie using CL_,.(S).

For this report only calcium and magnesium have been included as base cationx for
calculation of both critical loads and exceedances, and only sulphate used as the acidifying
anion. Further consideration might be given to the use of potassium. chloride and possibly

sodium in the future.
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