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Executive Summary

Critical loads define the amount otid or nitrogen(N) deposition abovewnhich sgnificant harmful

effects are expected toccur to sensitive habitats Yy a¢ SEOSSRIy 0S¢ A& GKS | Y2dz
deposition above the critical loagxceedances are calculated using rollirgedr mean deposition

data sets, updated annually and cowey the period from 198to 2015 Critical levels refer to the
concentrations of gaseous pollutants above which direct adverse effects on sensitive vegetation may

occur; critical level exceedances are the amount of gaseous pollutant above the critical level and are
calculated using rolling-3ear mean concentration data & updated annually and covag the

period from 2A0to 2014.

This report presents the trends {a)critical loadexceedances fddKhabitats at risk from acidification

and/or eutrophication (i.e. excedy); (b) critical load exceedances for acéhd N-sensitive habitat

features of UK designated sites (Special Areas of Conservation: SACs; Special Protected Areas: SPAS;
Sites of Special Scientific Interest: SSSIs); (c) exceedances of ammonia critical levels acroBsEghe UK.
version of the reportisesdata in which arerror (detected in July 2018y pollutant monitoring data

for 2016 has been corrected.

Summary statisticenonitor progress in the areas of habitats in the UK at risk from acidification and
eutrophication from air pollutiorover time, and are or have beenised for:

1 UK Biodiversity Indicators in Your Pocket: INCC; biodiversity indicator for assessing the pressures
from air pollution http://ijncc.defra.gov.uk/page4233

91 Defra: Environmeral Statisticg; Key Facts
https://www.gov.uk/government/statistics/environmenstatisticskey-facts

1 Welsh Government: Sustainable Development Indicators for Wales

http://wales.gov.uk/topics/statistics/headlines/sustaindev/120829/?lang=en

9 Scottish Government: Key Scottish Environment Statistics
http://www.scotland.gov.uk/Topics/Statistics/Browse/Environment/

UK habitats at risk from acidification

9 The area of acidensitive habitats in the UK with exceedance of acidity critical loads has fallen by
more than one third, from72.6% in 199897 to 427% (33331km?) in 201416 due mainly to
decreases in sulphyB)deposition.

1 The magnitude of the acidity exceedance (expressed as the Average Accumulated Exceedance) for
all UK habitats combined fell by twhirds, from0.78 to 0.26 keq hayear! between 199597 and
201416.

1 The largest reduction in the area of aseénsitive haitats with exceedance of acidity critical loads
is in Scotland, where it has more than halved, from 68.2% in-299%6 296% (14219 km?) in
201416.

1 The smallest reduction in the area of asiensitive habitats with exceedance of acidity critical
loadsis in Northern Ireland, falling from 76.8% in 1995to 643% (2276 km?) in 201416.

Ln this report, time periods are sometimes (for brevity) referred to using the middle year ofykar3average.
¢CKS SEIFYLXS KSNBZ GFNRY mdpdpc -19F torR0lpls.> YSEya G§KS LISNK
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9 Of the acidsensitive habitats mapped, dwarf shrub heath occupies the largest area across the UK
(10%); the area of this habitat with exceedance of acidity critical lbaslsnore than halved, from
70.3% in 19987 to 264%(6524km?) in 201416.

1 The habitat with the smallest decrease in acidity critical load exceedastwazen 199597 and
201315, is acid grassland, falling by less than-quarter, from 92% in 19997 to 71.1% (10900
km?) in 201416.

UK habitats at risk from eutrophication (i.e. excess nitrogen)

9 The reduction in the areas dfsensitive habitats in the UK with exceedance of nutridietitical
loads, decreased by less than difif¢h, from 75% in 19987 to 621% (45318km?) in 201416.

This smaller reduction (in comparison to acidity) is due to the smaller reductidvideposition
over the time period, compared t&

1 The Average Accumulated Exceedance for all UK habitats combined for nhithestdecled by
more than onethird, from 9.5 kg N hayear'in 199597 to 61 kg N ha yeartin 201416.

1 The largest reduction in the area dfsensitive habitats with critical load exceedance is in
Scotland, falling by almost otkird from 59.4% in 19997 to 40.8% (17644 km?) in 201416.

9 The smallest reduction in the area bfsensitive habitats with critical load exceedance is in
England, falling from 98.3% in 199% to 957% (18673 km?) in 201416.

9 The nutrientN critical loads are exceeded fonore than80% of the areas afix N-sensitive
habitats in all years: calcareous grasslands, unmanaged beech woodland, unmanaged oak
woodland, other unmanaged woodland, managed conifer and managed broadleaved woodland.

1 AImost 100% of the area of unmanaged beech woodland has exceedance of nitketitcal
loads in all years, however, the magnitude of exceedance (Average Accumulated Exceedance) has
nearlyhalved, from 22.7 kg N Ha/ear!in 199597 to12.1kg N ha year!in 201416.

9 There is virtually no exceedance of nutriévtritical loads for saltmarsh in any year, due to a
combination of the high critical load for this habitat and lower deposition in coastal areas.

Designated sites with acidensitive feature hbitats

1 The percentage of SACs and SPAs in the UK with exceedance of acidity critical loads for one or
more features decreased from more than 90% in 29950 75.26 (SACs: 86sites) and 6%
(SPAs: 1lsites) in 201416; the percentage of SSSls witheedance fell from 77.6% in 199
to 59.1% (266 sites) in 201416.

1 Scotland had the largest reductions (>25%) in the percentage of designated sites with exceedance
of acidity critical loads between 199% and 201416.

1 More than 50% of designated sites England and Scotland, and more than 70% of designated
sites in Wales and Northern Ireland currently have exceedance of acidity critical loads for one or
more features.

Designated sites with nitrogessensitive feature habitats

1 Reductions in the percentagd designated sites in the UK with exceedance of nutri¢atitical
loads (for one or more features) between 199% and 201416 are small (4.7% for SAC$%8 for
SSSIs]11.1% for SPAs), reflecting the smaller reductiondNimleposition, compared to adi
deposition, over this time period.

1 Scotland had the largest reductions {+B%) in the percentage of SACs and SSSls with exceedance
of nutrientN critical loads between 19997 and 201416; Wales had the largest reduction (21.4%)
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in the percentage of SBAwith nutrientN critical load exceedance over the same time period,
however the total number of SPAs in Wales withbritical loads is only 14.

1 60-83% of designated sites in Scotland, and9886 of designated sites in England, Wales and
Northern Ireland currently have exceedance of nutribitritical loads for one or more features.



Exceedance of ammonia critical levels

The trends in ammonia tiGal levels exceedance are only available for the period Z200® 2013-
15; there have only been small reductions in ammonia concentrations over this time period.

UK land area

1 Over 60% of the UK land area currently receives ammonia concentrations tleowetical level
set to protect lichens and bryophytes (1 ugthis represents 85.3% of England, 56.3% of Wales
and 17.8% of Scotland and 87.5% of Northern Ireland.

1 The UK land area with ammonia concentrations above 1 {ilgams slightly decreasedpoim 63.9%
in 200911 to 61.3% in 20135.

1 Just over 3% of the UK land area receives ammonia concentrations above the critical level set to
protect higher plants (3 pg ®); this ranges from 0.1% of Scotland to 17.2% of Northern Ireland.

1 The UK land area thiammonia concentrations above 3 pg’mas slightly decreased, from 3.7%
in 200911 to 3.1% in 20135.

Nitrogen-sensitive habitats

1 Almost onequarter of the mapped area ofl sensitive habitats in the UK receive ammonia
concentrations above the criticivel ofl ug m?®; this ranges fron8.2% forScotland to 65.% for
Northern Ireland.

1 Over 80% of the area of calcareous grassland, aneB860of the area of some woodland habitats
(unmanaged, unmanaged beech, managed broadleaved) are in areas that racemenia
concentrations above the critical level @f ug m®. Only 17.6% of acid grassland is in areas
exceeding this critical level, but this equates to 2679 \ich is similar to the 82.9% (2966 ®m
of calcareous grassland exceeded.

1 Less than 1% of the areaM{sensitive habitats in the UK recesammonia concentrations above
3 ug n; this ranges from <0.1% Wales and Scotlant 4.7%in Northern Ireland.

Designated sites

1 50.6%(124)of SPAs, 59.19863)0of SACs and 68.704696)of SSSIs in the UK currently receive
ammonia concentrations above 1 pug®ranywhere acrosshe site. The percentage of sites with
exceedance of the 1 pg-freritical level has falleby <6 between 20091 and 201315, for all
site types.

1 84%-92% of degjnated sites in England and Neern Ireland 50-72% of sites in Wales, and-18
24% of sites in Scotland, currently receive ammaoiacentration above 1 pug

1 4.4%(27)of SACs, 4.5¢%1)of SPAs and 2.7¢484)of SSSis in the UK currently receive amiaon
concentrations above 3 pgfranywhere across a sitdhe percentage of designated sites with
exceedance of this critical level has fallen by less than 1% betweer12088d 20.3-15.

1 Less than 1% of sites that have a conservation designation in Stotlarently receive ammonia
concentrations above the critical level of 3 ugamywhere across a site, compared with up to 2.4
% of sites in Wales, up to 10.5 % of sites in England and up to 15.4 % in Northern Ireland.



Part 1: Critical loads and their eeedances

1. Introduction

Part 1 of this report provides an overview of critical loads, deposition data, and exceedance
calculations and metrics, followed by summaries of the trends in critical load exceedances for acidity

and for nutrientN, by habitatand country¢ KS | LILX A ONBA Sl wF GNMGESON £ f 2
designated sites, and trends in their excaades are described in Part. 2

1.1 Overview of UK critical lads

Critical loads are thresholds for effects from atmospheric depositid alRSFA Y SR & al
estimate of the exposure to one or more pollutants below which significant harmful effects on
ALISOATASR aSyardAagsS StSySyida 2F GKS Sy@ANRYYSy(
(Nilsson & Grennfelt, 1988).

lj d:

The method used to calculate and map UK critical loads are destiii detail in Hall et al (2015

Critical loads are calculated and mapped for UK habitats sensitive to acidification and/or
eutrophication (Table 1)1 The critical load methods applied in the Uke d&ased on methods

approved at international workshops held under the Convention on iRangge Transboundary Air
t2ffdziA2y o/ [we¢!lto YR LIAEARTARRER Ay (GKS dal LILAY:

Table 1.1: Habitat distributions mapped for acidity and for nutrienitrogen critical loads

Habitat EUNIS habitat Mapped for Mapped for
class(es) acidity nutrient
assigned nitrogen

Acid grassland (wet & dry) E1.7 & E3.52 Yes Yes

Calcareous grassland E1.26 Yes Yes

Dwarf shrub heath (wet & dry) F4.11 & F4.2 Yes Yes

Montane E4.2 Yes Yes

Bog D1 Yes Yes

Managed coniferous woodland G3 Yes Yes

Managed broadleaved woodland Gl Yes Yes

Beech woodland (unmanaged) Gl1.6 Yes(mapped | Yes

Acidophilous oak woodland (unmanage G1.8 together) Yes

Scots Pine woodlan@inmanaged) G34 Yes

Other unmanaged woodland G4 Yes

Freshwater$ Cl&cC2 Yes No

Dune grassland B1.4 No Yes

Saltmarsh A2.53/54/55 No Yes




IEUNIS class closest to broad habitat and critical loads habitat; class used for assigning empirical nutrient
nitrogen critical loads and for classifying UK critical loads data for submission to the CCE.

2Critical loads are calculated for 1752 freshwater sites across the UK (see Section 1.1.1 below); habitat areas are
based on the catchment areas of these sites.

Published correspondence tables (available frdnip://incc.defra.gov.uk/pageld?25 are used to
relate broad habitats to the European Nature Information System (EUNIS: Davies & Moss, 2002)
hierarchical hhitat classification scheme, developed for gaaropean applications

Habitat distribution maps are based on the CEH Land Cover Map 2000 (LCM2000: Fuller et al, 2002a
2002b) and additional data sets such as species distribution data and altitladetat areas, used for
assessing the areas of habitats at risk from acidification and or eutrophication, are based on the
LCM2000 datalt should be noted that the habitat distribution maps and areas used for UK critical
loads (acidityand nutrient N resarch (a) only include areas where data exist for the calculation or
derivation of critical loads; (b) may differ from other national habitat distribution maps or estimates

of habitat areasThis may also result in a difference in the total habitat areappad for acidity and

for nutrientN critical loads.

1.1.1 Acidity critical loads

Two methods are used in the UK for calculating acidity critical loads for terrestrial habitats: the
empirical approach is used to provide estimates formaodland habitatand a simple mass balance
equation used for woodland habitats

An empirical approach is used to define acidity critical loadsJKsoils; criti@l loads are assigned to
eachlkm grid square of the UK based thve amount of acid deposition that could Ineutralised by

the base cations produced by mineral weathering of the dominant soil type in the grid squmse
approach is applied to mineral and organomineral soils (Hornung et al, 1995) but is inappropriate for
peat soils because of the absence gflits of alkalinity from mineral weathering (Smith et al, 1992;
Gammack et al, 1995Critical loads of acidity for peat soils are set to the value corresponding to the
amount of acid deposition that would give rise to an effective rain pH value ¢Céalr, 2003; Calver

et al, 2004; Skiba & Cresser, 198Bg choice of thresholghH valuereflects the buffeing effects of
organic aciden peat drainage water pH his method is applicable to upland and lowland acid peat
soils, but not to peats in lowlaratrable fen areas that are less sensitive to acidification, where a higher
critical load is set than would be appliealacid peats (Hall et al, 2015

Acidity critical loads for nowoodland habitats are calculated using the soil acidity critical loads
outlined above, together with additional habitaipecific data to derive the three acidity critical load
values (CLmaxS, CLminN, CLmaxN, see Section 2) for each habitat, needed for the calculation of acidity
critical load exceedances.

For woodland habitats simple mass balance (SMB) equation, based on balancing the acidic inputs to
and outputs from the ecosystem, is used to derive a critical load that enshea specified critical
chemical limit is not exceeded (Sverdrup et al, 1990; Sverdrup & De 19%%), In the UKthe SMB
equation is parameterised using different chemical criteria for woodlands on mineral or ergano
mineral soils, and woodlandsn peat soils (Hall et al, 201 %ritical loads are calculated for both
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managed (productive) and unmared) woodlands to protect the lonagerm ecosystem function of
thesewoodland habitats; thispproachalso aims to protect the land under managed conifer forest

for possible future nofforest use and reversion to sematural land usesTheseSMB critical lods

are used with additional habitaspecific data to derive théhree acidity critical load inpuvalues
(CLmaxS, CLminN, CLmaxN) for each woodland type, for use in calculating exceedances (Section 2).

Acidity critical loads for freshwaters are calculatesing the catchmenbased FirsOrder Acidity
Balance (FAB: Henriksen & Posch, 2001) méddd is currently applied to 1752 sites across the UK,
comprising a mixture of mainly upland, lakes, reservoirs anddnd#r streamsi(e. streams that feed

into other larger streams, but do not have any other streams draining into th&hg critical load
calculations are based dhe water chemistry of samples collected in the 1990s to provide an estimate
of the annual mean water chemistrfhe FAB model generat¢he acidity critical load values CLmaxS,
CLminN and CLmaxN (see Section 2).

1.1.2 Nutrient nitrogen critical loads

Empirical and mass balance methods also exist for calculating critical loads for eutrophicatam (i
excess oN as a nutrient) The enpirical critical loads are based on experimental or field evidence of
thresholds for changes in species composition, plant vitality or soil procddsegempirical approach

is suited to semnatural communities for which the loAgrm protection of biodversity and/or
ecosystem function is the key conceimthe UK the empirical approach is applied to natural and-semi
natural habitats, including unmanaged (rproductive) wadland, based on critical load values
agreed at international workshops (Bobbi&kHetelingh, 2011; Hall et al, 2015

In the mass balance approach the letegm inputs and outputs ofN from the ecosystem are
calculated, with the critical load being exceeded when any exXdésput is calculated to lead to an
exceedance of a speciflecritical rate & N leaching This approach is suited to managed ecosystems
of low biodiversity, in which the inputs and outputs can be quantified with some confidence and in
which the key concern is nitrate leachitig the UK, this approach is appliEdmanaged (productive)
woodlands to ensure that lontgrm ecosystem function (g. soils, soil biological resources, trees,
linked aquatic systems) is protected.

1.2 Overview of UK deposition data

The S N and base catiordeposition data used in the UKalculations of critical loadand their
SEOSSRIyO0Sa IINB o0lF&aSR 2y (KS2aAaydDEyiNy inBY YISE
(RoTAP, 20)2Site based measurements of air concentrations of sulphur and nitrogen, as gases and
particulates, are interpaited to generate 5km maps of concentrations for the ldk.concentrations

in precipitation (from the UK Eutrophying and Acidifying Pollutants (UKEAP) network) are combined

with the Met Office annual precipitation map to generate reay wet depositionThe wet deposition

@t dzSa AyOftdzRS 6F0 RANBOG RSLRAaAAGAZ2Y 2F Of 2dzZR RN
Fy 2NRINILKAO SyKFyOSYSy (f AR SiNE] S5 T FEXRidzyAly 20FLJ (i Ky
et al, 1988)Gas and particulate ementration maps are combined with spatially distributed estimates

of vegetationspecific deposition velocities (Smith et al, 2000) to generate dry depos@mmbinng

these data sets produce&m maps of total (wet + cloud + dry) depositiorSghon-marine), oxidised

N and reducedN; two different sets of deposition values are used in critical load and exceedance

9



applications: (it Y 2 2 NJassyfies g¥assland or moorland vegetation everywheray @)2 2 Rt I Y R€ Y
assumes forest everywhere, based on thiéedent deposition velocities to different land cover types
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Figure 1.1:CBED deposition for 20146 (a) nitrogen (oxidised plus reduced) deposition to
moorland; (b) nitrogen (oxidised plus reduced) deposition to woodland; (c) &sidphur + nitrogen)
deposition to moorland; (d) acid (sulphur + nitrogen) deposition to woodland.
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Significant intefannual variations in deposition can occur due to the natural variability in annual
precipitation (which influences wet deposition) as wadl the general circulation of air which can
increase or decrease the amount of polluted air imported from the European contifibet CBED
deposition data used to calculate critical load exceedances is therefore averaged over-ggaree
period; this hadbeen demonstrated to be a suitable time period to smooth out irdanual variations

in deposition Figure 1.1 shows the CBED data for 20@4with the N and acid deposition mapped
using the same class intervals and units; additionally foNhgaps thelegend also shows the values

in kgN per hectare per year.

Sincecritical loads for terrestrial habitats are mapped on a 1km grid, for exceedance calculations
deposition is assumed to be constant for all 1 km squares within each 5km grid Jeoiafreshvater
exceedance calculations catchmemeighted meanS and N deposition values are calculated by
overlaying the catchment boundary and land cover information (moorland vs forest) onto the 5km
deposition maps.

1.2.1 Summary of trends in CBED deposition

To understand the trends in critical load exceedances it is useful to look at the trends in deposition
over time The CBED deposition data exist for afedr rolling intervals from 2001 to 2016, plus data

for three earlier time periods: 1995997, 1998000 and 1992001 The trends in CBED deposition

to moorland and to woodland for the period 182015 are summarised in Figure 1.2; this clearly
shows that reductions in deposition were generally greater before 2005, with smaller decreases since,
as well assome increases, particularly for reducbiddeposition Deposition to woodland is higher

than that to moorland due tgreater deposition velocities onto tall vegetation of gases (e.g.adH

HNQ) in particular, as well as particulatéSrid-average depdason of nonmarine Sfor the UK i.e.
deposition weighted by the amounts of moorland and woodland per grid (el et al. 2015),
decreased by 18% between 2602 and 201416, following a 51%etrease in the preceding decade,

i.e. between19992001 and 2009-11. UK gridaverage oxidised N deposition decreased by 10%
between 200911 and 201416, following a 38% decrease in the preceding decade. By contrast, UK
grid-average deposition of reduced N decreased by only 2% betweenZDafd 201416, following

a 12% increase in the preceding decade. Over thgeHs period {9992001to 201416), UK grid
average deposition of neamarine S decreased by 60%, oxidised N decreased by 44%, and reduced N
increased by 9%.
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Figure 1.2: Deposition budgets (KT S op&\t year) calculated for all UK 5x5 km grid squares for CBED
deposition to moorland and deposition to woodlandNMS = noAamarine sulphur, NOx = oxidised
nitrogen, NHx = reduced nitrogen.

1.3 Overview of the calculation of critical load exceedances

Criticd load exceedances are the amount of excess deposition above the critical load; for nhitrient
the calculation is simply totdll deposition (derived fronlN oxides and ammonia) minus the critical
load. For acidification, deposition of botlsand N compoundscan contribute to the exceedance of
critical loads. The Critical Load Function, developed under the UNECE CLRTAPBt [@osk909;
Posch & Hettelingh, 1997; Posetal., 1995; Hettelingket al., 1995), defines combinations 8andN
deposition that wll not cause harmful effects. In its simplest form, an acidity critical load can be
defined graphically by a 45 degree diagonal line on a suipittogen deposition plot (Figure Ja3

The line intercepts the-axis (representind\ deposition) and yaxis (representingS deposition) at
chemically equivalent points, each representing ther Sdeposition equal to the critical load for
acidity. Each point along the diagonal line represents the critical load in terms of some combination
of SandN deposition.

To allow for the londerm N removal processes by the soil and through harvesting of vegetation, the
simple diagonal line is shifted along tNeaxis to increase th&l values across the entire CLEgure
1.3b). More N can then be depositeddfore the acidity critical load is exceedddhere are no similar
removal processes that need to be consideredSor

The intercepts of the CLF on tBandN axes (Figure 1c3 define the following terms:
12



T ¢KS aYlEAYdzYy SN®i X &l tEtipd Bdd frieBidityOeMikessed in terms Bf
only,i.e.whenN deposition is zero.

T ¢KS &Yl EAYdzy NONJOUI A OHEDbIOYI B KBFT ONAGAOIt N2l R F2I
only (whenSdeposition is zero).

T ¢KS aYAYAYdzy NONA [ | Bd I§hbtdra M rémo@afprocesses in the sodl.¢.N
uptake and immobilisation) and harvesting of vegetation.

These critical loads are calculated from the acidity critical loads described in Section 1.1 and additional

soilspecific or habitaspecificdata.

(@ (b)
Sdep Sdep

Ndep Ndep CLminN CLmaxN Ndep

Figure 1.3 Development of the CLF: (a) acidity critical load defined by equal amounts of sulphur and
nitrogen deposition; (b) shifting the acidity critical load diagonal line to allow for nitrogen removal
processes; (c) the 3 nodes of the CLF: &%) CLminN, CLmaxRhe area shown in grey represents
the combinations of sulphur and nitrogen deposition that are below the critical loag.(critical

load is not exceeded).

Exceedances are calculated by comparing the values of CLmaxS, CLminN and CLmaxN to the values of
SandN (oxidised + reduced) depositiohhe actual calculation depends on where the deposition falls

in relation to these critical load values; the CLF igldi/into five different regins forthis purpose

(Figure 1.4 The exeedance is defined by the sunfi SandN deposition as shown by the red arrows

in Figure 1.4i.e.noti KS f Sy3dK 2F (GKS RAF3I2yILt fAYySOT (KAaA
exceedanceFurther details on the calculatis ae given in Hall et al (2015

Sdep & Deposition value

‘ S and N reductions
required toachieve

CLmax§ non-exceedance

N dep

CLminN CLmaxN

Figurel.4: Example of S and N deposition reductions required depending on the region of the CLF
Deposition that falls in region 5 is below the critical loadg critical loads not exceeded).
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1.3.1 Exceedance and damage

The critical loads data on which exceedance calculations are based are derived from empirical or
steadystate mass balance methods, which are used to define critical loads fofottieterm.
Exceedancef critical loadss an indicatiorthat an ecosystem is at risk from potential harmful effects

in the longterm. Therefore, exceedance is not a quantitative estimate of damage to the environment;

it does not necessarily mean that harmful or adverse effdtave already occurred or may be
observed, but that there is a risk of damage in the lergn. Reducing deposition to below the critical

load does not mean that ecosystems immediately recovdrere are time lags before chemical
recovery takes place, arfdrther delays before biological recoveifhe timescales for both chemical

and biological recovery, could be very long, particularly for the most sensitive ecosystems.

1.3.2 Critical load exceedance metrics

Critical load exceedaes are calculated foraeh km square of the distributions of each terrestrial
habitat, and for each catchment for freshwatei®he results are then summarised by habitat and
country using the following exceedance metrics:

(i)

(ii)

(iif)

(iv)

Area of habitat exceeded
For terrestrial habitats the &a values are based on the LCM2000 data; if the critical load for
any individual habitat is exceeded, the exceeded area is ghetbabitat area within the km
square for that particular habitaFor freshwater habitats, if the FAB critical load is edeée
the whole catchment is assumed to be exceeded and the exceeded area set to the catchment
area The total exceeded areas for individual habitats are summarised by country.
Percentage area of habitat exceeded
This is calculated from the exceeded areasived in (i) and the total area of each habitat
mapped in each country (Section 1.While this is a useful metric, it has its limitations, for
example, when comparing exceedance results from one year to another (or one deposition
scenario to another),itere may very small (or no) changes in the percentage area of habitat
exceededThis is because the magnitude of the exceedance may have reduced, but the area
exceeding the critical load remains the same; the area exceeded will only reduce when the
criticd load is no longer exceeded.
Accumulated Exceedance (AE)
AE takes account of both the magnitude of exceedance and the habitat area exceeded:

AE (keq yeah) = exceedance (keq hgear?) * exceeded area (ha)
AE is calculated for each 1km square for elaghitat and then summarised by habitat and
country. AE is set to zero where critical loads are not exceedib metric can be useful for
comparing results for different years or scenarios, but because the results are expressed in
keq year* they tend tobe very large numbers and not intuitive to understattdshould also
be noted that the same AE can arise from a large exceedance and small exceeded area, or a
small exceedance and a large area.
Average Accumulated Exceedance (AAE)
AAE averages the AE ass the entire sensitive habitat area:

AAE (keq hayear?) = AE (keq yed) / total habitat area (ha)
This metric provides an exceedance value averaged across the whole habitatnatiea
summary statistics presented (Section Rjsibased on theAEfor the habitat (by country)
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divided by the total habitat areéby country) AAE is set to zero where critical loads are not
exceeded This metric provides a more intuitive value for comparing the exceedance results
for different years or scenarios, amilves an indication of the reduction in the magnitude of
exceedance even if there is no change in the percentage area of habitat exceeded.

1.3.3 Critical load exceedance maps for all habitats combined

Critical load exceedances are calculated by habitateedance maps can be generated for individual
habitats or for dl terrestrial habitats combinedThe exceedance data for freshwaters are not
incorporated into these combination maps because the data are catchiveesed rather than for 1km
squares and asush may overlap with other habitat dat@his section focuses on maps of AAE for all
terrestrial habitats combine@Figure 1.5 other maps are presented and dissed in Hall et al (2015
Maps of AAE provide a good representation of the summary critiedl exceedance statistics since
they are based on all the criticilad values for all habitats and habispecific depositionThe AAE
for each 1km square is calculated as:

119 ' HO!9 F2NIFff KFEOAGFGa0KkHOFNBI F2NJ I f

AE (and AAE) is set taraaevhere the critical loads are not exceeded.

The latest AAE maps for aciditgcanutrient N (Figure 1.% clearlyshow the lower exceedances in
Scotland compared to other regions of the .Wgh exceedances afidity critical loads are fosed

in uplandareas of central and north western England, as well as smaller areas in eastern England and
the far southwest, as well as parts of Wales and southern Scotland and Northern Irettgial
exceedances of nutrier critical loads are widespread across Endlawales and Northern Ireland

and parts of southern and eastern Scotlamdth manyareas having exceedances abovekaN ha

year! (1 keq ha year?).

15



(a) Acidity (b) Nutrient nitrogen

&V Exceedance

Exceedance
; ’ (keq ha™ year™) (kg N ha™ year™)
N P o ' |:| No critical loads v g :] No critical loads
, g - Not exceeded r ¢ - Not exceeded
I 3 & =
. [ o5 - B
[ Joso [ 7as

B <2

B 1020

Figure 1.5 Average Accumulated Exceedance (AAE) of criticalddayiCBED deposition for 20146. Although the legends for the two maps are given in
different units, the classintervals are equivalenti(e. 7 kg N ha year! is equivalent to 0.5 keq hdyear?).
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2.  Trends in critical loads exceedance by habitat and country

Acidity and nutrientN exceedances by habitat and country are updated annually using the latest 3
year rolling mean CBED deposition ddtiae summary statistics as described in SectiBrilare made
available to Defra and the Devolved Admimations and JNC@he trends in the percentage area of
habitats exceededre, orhavebeen,usedfor the following:

1 JNCC: Biodiversity Indicator for assessing the pressures from air pollution

9 http://incc.defra.gov.uk/page4233

1 Defra: Envbnmental Statisticg Key Facts
https://www.gov.uk/government/statistics/environmenstatisticskey-facts

1 Welsh Government: Sustainable Development Indicator¥\fates

http://wales.gov.uk/topics/statistics/headlines/sustaindev/120829/?lang=en

9 Scottish Government: Key Scottish Environment Statistics
http://www.scotland.gov.uk/Topics/Statistics/Browse/Environment/

The data used for the trendsalysis arelescribed briefly in Section 1 andmmarised iflBox 1below;
there are a few inconsistencie®tween years due to changes in methods used to derive deposition
estimates, and some minor alterations to the acidity critical loddiss information should be taken
into account when interpreting the trends results
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Box 1:
Data used for critical loads trends analysis

Critical loads data

Acidity:data as summarised in Section 1.1.1 of this report were used for all years except resu
prior to 20042006 where: (a) the acidity critical loads for the bog habitat were based on the
dominant soil in each 1x1km grid square; later results use critical loads data that assume all §
of bog habitat occur on peat soils; (b) freshwater exceedances were based on cateleigitied
grid-average deposition; the later results are based on catchmeighted ecosysterapecific
deposition. Note that the freshwater results are based on critical loads for 1752 lake or stred
sites across the UK, and therefore do not represent all waters in the UK.
Nutrient nitrogen data as summarised in Section 1.1.2 of this report.

Deposition data

I £f NBadzZ Ga ol &SR 2y pEp 1Y NBazfdzZiazy ad

averaged over a three year period. All data are based on a consistent methodology except:

(a) Deposition data prior to 2002003 exclude nitric acid as the monitoring network for this
pollutant was not in operation prior to this time.

(b) Deposition data prior to 2002004 excludes aerosol deposition of,NNQ,, SQ.

(c) Data for 200406 onwards updated in February 2015 to correct for @stimate of nitric acid
deposition.

CBED moorland values are applied to-n@odland terrestrial habitats, and CBED woodland

values are applied to woodland habitats.

Habitat area data
These are based on the habitat distribution maps generated for UK critical loads research (s¢
Section 1.1 of this report). There was a small reduction in the area mapped for acidity for the
habitat as a result of the change to the critical loads in 2008; results using the updated habita
apply to all results fror@004-06 onwards.

The trends results are shown éeth tables and simple plots; it is worth noting that while the
percentage area exceeded for some habitats may not alter from one year to anotherAthgatues
fluctuate reflecting changes in the national deposition data.
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21 Trends by country

Table 21 shows the total land area by country and the area of habitats sensitive to acidification and
eutrophication to which crital loads have been applied;%lof the UK land area has habitats mapped

for acidity critical loads, and 28 for nutrientN. Note:throughout Part 1 of this report th@ercentage
areaexceeded NBLINBaSyiGa GKS LIS NI ad sanSitive thl&idificatidn ol K S
eutrophication i;e. not % land areaf the UK or countrigs

Table 21: Total land area and habitat ass mapped for critical loads by country

Country | Land area Habitat areas | Area mapped | Habitat areas | Area mapped

(km?)* mapped for for acidity as | mapped for for nutrient

o . nitrogenas

acidity (kn®) % ofcountry nutrient
[
nitrogen (kn?) | 70 Of country

England 132938 18635 14 19522 15
Wales 21225 7798 37 6837 32
Scotland 80239 48083 60 43200 54
NI 14130 3541 25 3467 25
UK 248532 78051 31 73027 29

#The UK and its countries: facts and figu@ffice for National Statistics:

http://webarchive.nationalarchives.gov.uk/20160105160709/http://wwwe.gov.uk/ons/guide
method/geography/beginnes-quide/administrative/thecountriesof-the-uk/index.html

2.1.1 Acidity results

The esults for acidity (Table 2.2, FigurelPshow that the total area of habitats exceeding critical
loads in the UK has dawntid by more than onehird, from 72.6% in199597 to 42.7% in 201416.
However, the area exceeded varies between count(iEable 2.2, Figure 2.20ue to (a) geographic
location of different sensitive habitats across the country (Seetion 22); (b)variabilityin critical
load values across the countgylower critical loadsassociated with habitats on more acid spils)
higher deposition found in central and soutlest England, parts of Wales and Northern Ireland and
southwest Scotland (Figurell). The percentage area of habitats exceeded is lowest in Scotland in all
yedas; however as shown in Tablel260% of Scotland has habitats mapped for acidity critical loads,
and that means theactual areas exceeded are larger tham the other countriege.g. 14219 km?
exceeded by @14-16 deposition) Although only 1% of England has habitats mappfd acidity
critical loadsp0.0% oftheir area is exceeded f@014-16, equivalent tol1190km?. The magnitude of
excee@nceacross the Ukexpressed as AAEable 2.3, Figure B, hasfallen by twethirdsfrom 0.78

keq hat year! in 199597 to 0.26keq ha! year! in 201416. Thedata show the largest reductions in
the exceedances wer@ the late 1990schanges since then have besmaller and fluctuad from

one year to another, and althougiontinuing the general downward trerttiere has been very little
overall change irthe last decade This pattern of exceedance is consistent with the trends in
deposition (Section 1.2.1, Fig 1.2).
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Table 2.2:Acid-senstive habitat area and grcentage area of habitatsvhere acidity critical loads
are exceededby country and depositiordataset year.

Year Percentageacidsensitivehabitat area exceeded by country:

[total area (knd) acidsensitive habitats by country]

England Wales Scotland NI UK

[18635] [7798] [48083] [3537] [78051]
19951997 75.8 90.0 68.2 76.8 72.6
19982000 71.6 83.1 52.6 67.2 60.8
19992001 71.9 83.0 51.6 66.8 60.3
2001-2003 72.3 824 43.0 67.4 55.0
20022004 72.3 82.3 44.8 69.2 56.2
20032005 71.8 83.2 44.5 67.1 55.9
20042006 66.8 81.2 48.0 68.1 56.7
20052007 66.1 81.0 46.1 68.5 55.4
20062008 64.3 79.2 40.7 68.6 51.4
20072009 63.6 774 32.9 69.4 46.3
20082010 63.2 74.9 31.5 69.6 45.2
20092011 63.8 74.5 33.9 71.0 46.8
20102012 62.8 74.2 32.2 67.8 45.3
2011-2013 62.1 74.4 31.0 69.4 445
20122014 61.3 73.4 31.0 67.1 44.1
20132015 60.6 72.4 314 66.9 44.1
20142016 60.0 72.4 29.6 64.3 42.7
Reducion in % ares 15.8 17.6 386 125 29.9
exceededl 9962015
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Table 2.3: AcidityAverage Accumulated Exceedance (AAE in ked faar) by country and
deposition dataset year

Year AAE (keq hayear?) by country:
England Wales Scotland NI UK

19951997 1.33 1.36 0.47 0.80 0.78
19982000 1.00 0.84 0.28 0.46 0.51
19992001 0.98 0.82 0.27 0.46 0.50
2001-2003 1.04 0.82 0.23 0.51 0.50
20022004 0.94 0.79 0.24 0.46 0.48
20032005 0.93 0.84 0.24 0.42 0.47
20042006 0.77 0.74 0.24 0.42 0.43
20052007 0.74 0.73 0.21 0.45 0.40
20062008 0.68 0.61 0.17 0.44 0.35
20072009 0.62 0.54 0.12 0.45 0.3
20082010 0.59 0.49 0.12 0.47 0.29
20092011 0.62 0.48 0.15 0.53 0.31
20102012 0.6 0.47 0.14 0.46 0.3
2011-2013 0.59 0.47 0.13 0.46 0.29
20122014 0.55 0.46 0.13 0.39 0.28
20132015 0.54 0.45 0.15 0.38 0.28
20142016 0.51 0.44 0.13 0.36 0.26
Reduction in 0.82 0.92 0.34 0.44 0.52
AAEL19962015
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Figure 21: Acidity: Percentage area ofcid-sensitivehabitats with exceedance of acidity critical loads in the UK by year, A#din keq ha' year?.
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2.1.2 Nutrient nitrogen results

The results for nutrieni (Table 2.4 and Figure 2.8how adecline in the percentage area of habitats
exceeded in thaJK, from 75% in 19987 t0 62.1% in 204-16. The results for Englanand Wales
remained above, or close t80% exceeded over thame time period (Table 2.4, Figutet). Scotland
shows the smallest percentage habitat area exceeded of all countries, but the area ex{égiet
km? for 201416) is similar to thearea exceeded in EnglantBg73km?in 201416). The results reflect
the smaller reductions itN deposition over the last two decades compared to thduetions inS
deposition,which helped reduce the exceadces of acidity critical loads

Table 2.4: Mrogen-sensitive habitat area and percentage area of habitats where nutrient nitrogen
critical loads are exceeded, by country and deposition dataset year

Year Percentage habitat area exceeded by country:

[total area (knd) nitrogensensitive habitats by country]

England Wales Scotland NI UK

[19522] [6837] [43200] [3467] [73027]
19951997 98.3 98.0 59.4 92.6 75.0
19982000 97.6 92.5 48.9 80.0 67.5
19992001 97.7 91.1 50.9 82.5 68.7
2001-2003 97.8 93.5 47.7 854 67.1
20022004 97.6 93.3 50.2 86.3 68.6
20032005 97.5 94.1 50.6 83.8 68.8
20042006 96.7 93.2 52.9 84.8 69.9
20052007 96.5 93.6 53.6 86.4 70.4
20062008 96.1 92.9 49.0 86.8 67.5
20072009 96.4 91.7 41.8 88.7 63.3
20082010 96.5 89.7 40.7 89.7 62.6
20092011 97.0 89.8 44.5 914 65.0
20102012 96.5 89.6 41.4 88.5 62.9
2011-2013 96.0 90.3 40.7 89.9 62.5
20122014 95.9 89.4 40.9 86.4 62.3
20132015 95.8 88.5 42.8 87.4 63.4
20142016 95.7 88.5 40.8 85.1 62.1
Reducion in % ares 26 95 186 75 12.9
exceededl 9962015
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The magnitude of theutrient-nitrogenexceedance (expressed as AAE) across theskeduced by

more than onethird, from 9.5 kg N hayear'in 199597 to 61 kg N ha yeartin 201416 (Table 2.5,
Figure 2.3). The AAE varies from one region to another with the lowest values in Scotland and the
highest in England (Table 2.5, Figure .2Zi4)e reductionn the % of UKarea exceededn the first

twelve yearg199597 to 2007-09) was 11.7%, whereas in the period between 2@%7and 201416

the area where nutrienN critical load is not exceeded has increased by only a further 1.2% of UK
area. Similarly, th&JK AAE decreased by 3.2 kg N & between 199597 and 200709, but only by

0.2 kg N hayr! between 200709 and 201416.

Table 2.5: Nutrient nitrogemAverage Accumulated Exceedance (AAE in kg Nylear?) by country
and deposition dataset year

Year AAE (kg N hayear?) by country:
England | Wales Scotland NI UK

19951997 19.0 15.8 4.1 10.6 9.5
19982000 16.8 10.3 2.7 6.5 7.4
19992001 17.4 10.6 2.9 6.8 7.7
2001-2003 19.7 12.2 3.1 8.9 8.7
20022004 18.0 12.2 3.3 8.7 8.3
20032005 18.2 13.2 3.3 8.3 8.4
20042006 14.9 114 3.1 7.9 7.2
20052007 14.9 114 2.9 8.8 7.2
20062008 14.1 9.9 2.5 8.8 6.6
2007-2009 13.8 9.5 2.1 9.4 6.3
20082010 13.9 9.2 2.2 9.8 6.3
20092011 14.6 9.2 2.6 10.9 6.8
20102012 13.8 8.8 24 9.6 6.4
20112013 13.3 8.9 2.3 9.5 6.2
2012-2014 12.6 8.6 2.3 8.3 5.9
20132015 12.8 8.9 2.7 8.4 6.2
20142016 12.7 8.9 2.6 8.2 6.1
Reduction(kg N ha yr?) 6.3 6.9 15 25 34
in AAEL9962015
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Figure 23: Nutrient nitrogen:Percentage area afitrogen-sensitive habitats with exceedance of nitrogen critical loads in the UK by year, and AAE in kg N
ha'year?.
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Figure 24: Nutrient nitrogen:Percentage area of nitrogegensitive habitats with exceedance of nitrogen critical loads, by courdnd year, and AAE in
kg N ha' year™.
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