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EXECUTIVE SUMMARY

This report describes the calculation and mapping of critical loads and their exceedancedJid.th
LG O2yaz2fARFGSa AYTF2NXIGA2Y FNBY SENIASNI a!'yY {dGt

Part | describes the methods and data used to (a) map the distribution of 14 UK habitats sensitive to
acidification and/or eutrophication: acid grassland, calcareous grassland, dwarf shrub heath, bog,
montane, freshwaters, dune grassland, saltmarsh andueber of managed and unmanaged
woodland habitats; (b) calculate critical loads of acidity and of nutrient nitrogen for these habitats,
as appropriate.

The methods used to calculate UK critical loads are based on internationally agreed apparathes
the best available nationacale data sets availablécidity critical loads for terrestrial habitats are
based on the mineralogy and chemistry of the dominant soil type in each 1km grid gqgatber

with habitat-specific data. For woodland h#dtis simple mass balance equations, based on
balancing the adic inputs to, and outputs frona system are used to derive a critical load that
ensures the selected chemical criterion is not exceeded. Acidity critical loads for surface waters are
calculakd using the catchmertased FirsOrder Acidity Balance (FAB) model.

Critical loads of nutrient nitrogen for natural, sematural, and unmanaged (negoroductive)
woodlands are empirichl derivedvalues based on observed changes in the structure roction of
ecosystems. For managed (productive) woodlands a nitrogen mass balance approach is used to
derive critical loads that will prevent an increase in the leaching of nitrogen compounds and ensure
sustainable production.

It should be noted that théabitat distribution maps and areas used for UK critical loads (acidity,
nitrogen) research (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 es@®aif habitat areas.

This may also result in a difference in the total habitat areas mapped for acidity and for nutrient
nitrogen critical loads.

Part 1l describes the calculation of critical load exceedalieeghe amount of excess deposition

above tte critical load)and presents results and maps based df déposition data for 2002011

The summary statistics arpublished to monitor progress in the areas at risk from air pollution over

time; to this end they are used for

91 Defra: Environmental Statics¢ Key Facts
https://www.gov.uk/government/publications/environmenrstatisticskey-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/

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

For acidity, the area of sensitive habitats in the UK with exceedance of critical loads has fallen from
73% based oB-year meandeposition data for 19987, to 4% based omeandeposition datafor
201113 Over the same time period the Average Accumulated Exeeedaasmore thanhalved

from 0.78 to 0.2%eq ha' year™.


https://www.gov.uk/government/publications/environment-statistics-key-facts
http://wales.gov.uk/topics/statistics/headlines/sustaindev/120829/?lang=en
http://www.scotland.gov.uk/Topics/Statistics/Browse/Environment/
http://jncc.defra.gov.uk/page-4233

For nutrient nitrogen, the changes have been smaller, with 75% of habitats exceeding critical loads
by mean nitrogen deposdn for 199597 and 636 with mean data for 201313, The Average
Accumulated Exceedance for nutrient nitrogen has declined from 9.5 kg ielaa® to 6.2kg N ha

year?! over the same time period.

In addition to their applications in the UK, the UKtical loads data are submitted to the
Coordination Centre for Effects (CCE) in the Netherlands for incorporation in European maps and
integrated assessment activities under the UNECE Convention onRamyg Transboundary Air
Pollution (CLRTAP).

Part Ill describes the application of acidity and nutrient nitrogen critical loads to features of
designated sites: Sites of Special Scientific Interest (SSSIs), Special Areas of Conservation (SACs) and
Specially Protected Areas (SPAS).



PART I: ARICAL LOADS

1. Introduction to critical loads

1.1 Introduction

The air pollutants sulphur dioxide, nitrogen oxides and ammonia can contribute to acidification, and
nitrogen oxides and ammonia can contribute to terrestrial eutrophication. Both problems can
adversely affect sermmatural ecosystems. The Review of Transboundary Air Pollution (RoTAP)
recently reviewed the impacts of air pollutants on UK ecosystems and prospects for recovery
(ROTAP, 2012). Measuring and quantifying the potential ecological dabyaajir pollutants is not a

simple matter. The common measure, used across Europe since the 1980s, is the critical load. This is
defined asl quantitative estimate of the exposure to one or more pollutants below which
significant harmful effects on spéeid sensitive elements of the environment do not occur
FOO2NRAY3A (2 LINBaASyl 1y26tSR3ISQ 6bAfaazy 3 DNBYy

The amount of deposited pollutant that exceeds the critical load of acidity or nutrient nitrogen, is
Ottt SR (KS WSE O $&hita)16a8s@ @n irdliEatiod $ak lthy EcSsystem is at risk
from potential harmful effects in the long term. Therefore, exceedaixeaot a quantitative
estimate ofédamagé to the environmenf it does not necessarily mean thaarmful or adverse
effects have already occurred or may be observed, but that there is a risk of damage in the long
term. ONR G A OF £ f 2F Ra iNBNM¢ AINROISI @il Aegyhe AdfiacS/aBacide a (i SY &
or nitrogen depositionthey do not provide information on # timescales for damage (when the
critical load is exceeded) or recovery (when deposition is reduced below the critical load).
Timescales for damage and recovery vary greatly, depending on the environmental receptor and the
pollutant combination; to estirate these dynamic models are required. Dynamic models have been
(and continue to be) developed under the UNECE Convention onRamge Transboundary Air

Pollution (CLRTAP), but are not discussed in this Report.

The application of critical loads has peawery useful for policy developmertioth in the UK and in

Europe. Critical loads and their exceedances provid¢ W SoHFASSORICA |+ LILINR | OK 4 K
environmental benefits of emission reductions can be gaudedtventing or minimising the
exceedance ofritical loadSor ecosystems across Europsmainsone of theobjectivesof emission

control ageements under the UNECE CLR{PA://www.unece.org/env/Irtap/status/Irtap_s.htm)

andthe ECThematic Strategy on Air Pollution (COM(2005)448X critical loads datare submitted

to the CLRTAP Coordination Centre for Effects (CCE) for incorporatidEuiimpeanscale maps of

critical loadsand integrated assessment studies

1.2 Calculaton and mapping of critical loads

The preparation of critical load maps has two main components: (i) mapping the distribution of the
habitatssensitive to the pollutantie, the receptors) and (ii) calculation of critical loads to assign to
those habitats. This report documents the data and procedures used to map the habitat
distributions and calculate and assign critical loads based on the latest scientific findings.


http://www.unece.org/env/lrtap/status/lrtap_s.html

Maps of the main temstrial habitats, on akin grid, are generated using the CEH Land Cover Map
2000 (LCM2000, Fuller et al, 2082 2002b and additional datasuch as species distributions. In
general, the aim was to map Biodiversity Action Plan Braultits sensitive to acidification and/or
eutrophication.  However, in some instances other sensitive categories are mapped (eg,
Acidophilous oak woodland). In addition, in order to harmonise the naming and classification of
habitats across Europe, habitabdes from the EUNIS habitat classificattcheme (Davies & Moss,
2002) are also provided for each of the habitat types for which critical loads are mapped.

A number of methods exist to determine the critical loads of acidity or nutrient nitrogen, vihilich
into two broad categories

0] Empirical approaches, where the critical load istimated rather than calculated. oF
nutrient nitrogen empirical critical loads are based welatively shortterm (1-5 years)
experimentsor field evidence for the ecosysn resporse to nitrogen depositionBasing a
critical load on such shoterm data could oveestimate the critical load needed to protect
the ecosystems in the longer term (30 years)(Hornung et al, 1985 this also means that
the critical loads carot guarantee to offer protection to ecosystems over longer timescales.
For acidity, the empiricalcritical loads are based on mineralogy data for the dominant soll
type; these aim to protect the soil from lortgrm changes due to anthropogenic activitie
which cannot be compensated for by natural soil processes (Nilsson, 1986).

Mass balance models or equationghich balance the longerm chemical inputs and
outputs (affecting acidity or nitrogen) and represent steatigte conditions; these require
long-term averages for input fluxes. In this context, for forest ecosystemstimg may be
100 years, representing one rotation period. These methods are based around a chemical
criterion chosen to reflect a change in the ecosystem that would lead to damag

(ii)

Appropriate methods, critical chemical criteria and ranges for empirical critical loads are agreed by

the UNECE/CLRTAP International Cooperative Programme on Modelling and Mapping (ICPM&M).
tKSas$s YSGK2RA I NB a dzY Y I KiMapp$h@ Makusl (hiipd/$ge- | b9/ 9 Q
cce.org/Publications/Mapping _Manyal The methods currently used in the UK to calculate acidity

and nutrient nitrogen critical loads are consistent with tpgidance in theMappingManual andare

summarised irthe table below (Table 1.1).

Table 11: Summary of the methods used to calculate critical loads for sensitive habitats in the UK

Habitat type

Method to assign critical load for|
acidity

Method to assign critical load for
nutrient nitrogen

Unmanaged woodland

Steady State Mass Balance

Empirical

Managed woodland

Steady State Mass Balance

Steady State Mass Balance

Nonwoodland terrestrial
habitats

Empirical, based on dominant sg
type

Empirical

Freshwater lakes anstreams

First Order Acidity Balance [FAB

Not used

1 The freshwater sites selected for mapping acidity critical loads are potentially sensitive to eutrophication, but

there is currently a lack of data to apply nutrient nitrogen critical loads to thites &ee Section 2.6.5).

The critical load methods are describeddatail inSections $.


http://wge-cce.org/Publications/Mapping_Manual
http://wge-cce.org/Publications/Mapping_Manual

Research on the ecological effects of acidification and eutrophication continues in the UK and
Europe As new findings emerge, it may becomecessary to update the criticdoad values
Changes in critical load values can emerge as a result of
a) changes in the underlying data sets used to calculate critiadbloe.g. land cover, soil maps.
b) changes in the effects criterion used to determitemage, e.g. threshold value of ANC (Acid
Neutralising Capacity) for freshwaters
c) changes in the methodology to calculate critical loads, e.g. calculation of acidity critical loads
for peats.
d) new empirical evidence on UK impacts of nitrogen deposition asisee ecosystems.

Part 1l of this report describes the calculation of critical load exceedances and presents summary
maps andesults, and Part Il describes the application of critical loads to designated sites.



2. Habitat mapping

2.1 Introduction

Criical loads are mapped for habitats sensitive to acidification and/or eutrophication. Therefore
information on the location and distribution of these habitats is required to enable them to be
mapped. The terresial habitats are mapped atkin resolutionbased on the CEH Land Cover Map
2000 (CM2000:Fuller et al, 2002(a),(b)) and refined using ancillary data sets on species
distributions (Preston, Pearman & Dines, 2002), vegetation classification data Rdti@ell 1991
2000) and km soil maps (NSRI, Maday, DardNI).It should be noted that an updated land cover
map (LCM2007Morton et al, 2007 is now available, but has not been applied in this project.
Freshwaters are mapped for 1752 lake and stream catchments sampled by ENSIS/ECRC at University
Colege Londor(Curtis & Simpson, 2011)able 2.1 below lists the habitats mapped nationally for
critical loads of acidity and for eutrophication (nutrient nitrogen); note that some other habitats may
also be sensitive to acidification and/or eutrophicatiemd of importance on a sitgpecific scalebut

there is a lack oflata to map their areas on a national scale.

Table 2.1: Habitat distributions mapped for acidity and for nutrient nitrogen critical Ipéelges, N=no)

Habitat Mapped for acidity Mappedfor nutrient nitrogen

Acid grassland (wet & dry) Y

Calcareous grassland

Dwarf shrub heath (wet & dry)

Montane

Managed coniferous woodland

Managed broadleaved woodland

Y
Y
Y
Y
Bog Y
Y
Y
Y

Beech woodland (unmanaged) (mapped together)

Acidophilous oak woodland (unmanaged)

Scots Pine (unmanaged)

Other unmanaged woodland

Freshwaters Y

Z

Dune grassland

<|<|z|<|<|<|<|<|<|<|=<|=<|=<

Saltmarsh N

LCM2000 is derived frorsatellite imagery with land parcels assigned to land cover classes and
further refined using contextual and ancillary information (Fuller et al, 20Qt2ja)LCM2000 is used

asthe base map for allerrestrial habitats maps for critical loads purposesince this additionally
provides thearea of habitat within eachKin grid square These area values are used in the national
scale and European scale assessments of critical load exceedance to determine the area of habitats
at risk from adverse impacts from atmospheric pollutantor freshwaters the catchment area is
used.

2.2 Reining habitat distributions¢ an overview

The LCM2000 identified 16 target classes (level 1), which are furthatigidied into 27 sulclasses
(level 2) to allow the construction of the widespread Broad Habitats (Fatleal, 2002(a)&b)).
However, there are limitations in using satellite data to map some specific habitat types. Therefore
in collaboration with LCM200&xpertsand other habitat experts, a method was developed to refine

5



the LCM2000 habitat distributions using additional ds¢éts (such as species distributions, altitude,
etc).

To produce the habitat maps for acid grassland, calcareous grassland, dwarf shrub heath and bog,
maps of species distributions have been used to refine the LCM2000 data. Petsabn(2003)
identified all species associated with individual BAP Broad Habitats, and produced 10km resolution
maps showing the percentage of species in each 10km square, making adjustments for the
latitudinal gradient in species diversity in the UKn collaboration with haibat experts, a cubff

value for the percentage of species that best represent the key areas for the habitats has been
applied. For calcareous grassland, theaffitvalue is 50% (i.e. 10km squares where more than 50%
of the species pool is present halveen selected). In all other cases, a-offtof 40% has been used.
Note that for the coastal habitatésaltmarsh and dune grassland) 10km data for a kew species

were identified to refine tle habitat distributions; the full distribution of these wasad without
applying a cubff value.

The 10km squares selected using the species distribution data were overlaid on the corresponding 1
km LCN2000 habitat map, and the 1km LCMI00 squares falling within the 10km squares were
mapped to represent the hatat.

In some cases, additional data have also been used taliside the habitats. fie 1km Hydrology of

Soil Types (HOST: Boorman et al, 1995) data were used to distinguish between wet and dry areas of
acid grassland and of dwarf shrub heatfor the coniferous and broadleaved woodland habitats, a
combination of LCi2000and Forest Research data have been used to distinguish the managed and
unmanaged woodland areas. The sabtegories of unmanaged woodland have been identified
using LCM2000 data antOkm mapped classes of the National Vegetation Classification (NVC:
Rodwell, 19922000). The montane habitat (represented bRacomitrium heath) required a
combination of LCM2000 data, 10km NVC datd altitude data

The 10km data sets (species distitibns, NVC) are useful to refine the habitat distributions but
cannot be used alone, since they do not provide the habitat area values at the required resolution.
Further information on the combinations of data used to map the individual habitats is Giter in
Section 2.6.

! Prestonet al. (2003) used habitat associations of vascular plants, based on field quadrat data to calculate the
frequency of plant species within the BAP Broad Habitat types. Two major sources of quadrat data were used:
(i) the original data used to derive the Natidndegetation Classification (Rodwel991(a), 1991(b), 1992,

1995, 2000; (ii) quadrat samples collected by Countryside Survey 2000 (Hémewet al, 2000). The table

of frequencies from these datasets was used to calculate preference indices foespe broad habitat
categories. Species diversity in a 10km square was defined simply as the number of species for each habitat
type that were recorded for the square. Species distribution data were derived frol¢me Atlasof plants
(Prestonet al, 2002); records prior to 1930 were excluded. The species diversity in a 10km square was then
compared to the species diversity of its biogeographic zone to account for the latitudinal gradient in species
diversity within the UK.



2.3 Harmonising habitat classifications at the UNECE CLRTAP level

It is useful for UK policy purposes to map critical loads for the Broad Habitats (where possible).
However, different habitats may be more appropriate in other countries. This leads to critical loads

being assigned to a wide range of habitat types acrossfe. In order to improve transparency at

the UNECE CLRTAP level, in 2000, the afidnil Focal Centre (NFC)arried out a study as a
GO2YiNROdziAZ2Y AY (1AYRéE (2 GKS LYGSNYylFGAz2yl € / 2
(ICPMM) to harmonise the denitions of ecosystems for which countries submitted critical loads

data (Hall, 2001).This resulted in a recommendation for countries to use the European Nature
Information System (EUNS: Davies & Moss, 1999, 2002), a hierarchical habitat classifibatios s
developed for parEuropean applications.

The key advantage of EUNIS to critical loads wationally and internationallys that it provides a

consistent method of habitat classificatim@tween studies or between countries EUNIS has been
adopted by the Coordination Centre for EffectéCCE and ICPMM, and the UNECE expert
workshogs (2002, 2010pn empirical nutrient nitrogen critical loads (Bobbigtkal., 2003; Bobbink &

Hettelingh, 201} have used the EUNIS classification as a basis for gettitical load values for
sensitive habitataicross Europe

2.4 Assigning EUNIS codes to UK habitats

For the UK, although national mapping activities are focused on broad habitats, the data submitted
to the CCE need to have the relevant EUNIS habitatsc@dsigned. Empirical critical loads for
nutrient nitrogen have been agreed at the UNECE level using EUNIS codes to identify the habitats.
The UK NFC has therefore identified the corresponding broad habitat, so that UK critical loads for
nutrient nitrogen can be consistently mapped in terms of broad habitats. Conversely, all other
critical loads (for acidity and mass balance nutrient nitrogen) have been mapped on the broad
habitat level, and the UK NFC has identified the corresponding EUNIS cldssagationships
between the UK Biodiversity Action PlaBAP Broad Habitats, EUNIS classes and the habitats
mappedfor critical loadsare given in Table 2.2However, it should be noted that there is rarely a
direct relationship betweeithe broad habitatsand the EUNIS classes; the two schemes are not
directly interchangeable.



Table 2.2Relationships betweeBAP Broad Habitats, EUNIS classekeritical loadhabitat maps.

UK critical load habitat | BAP Broad Habitat (BH) | EUNIS class(es) assigne| Relationship between

map* to each BH BH and EUNPS
Broadleaved woodland | Broadleaved, mixed & | G1 Broadleaved BH overlaps with G1
(managed) yew woodland woodland

Beech woodland G1.6 Beech woodland

(unmanaged)

Acidophilous oak G1.8Acidophilous oak

woodland (unmanaged) dominated woodland

Coniferous anbbr G4 Mixed woodland BH overlaps with G4
broadleaved woodland

(unmanaged)

Coniferous woodland Coniferous woodland G3 Coniferous woodland| BH overlaps with G3
(managed)

Scots Pine woodland G3.4 Scots Pine

(unmanaged) woodland

Calcareous grassland Calcareous grassland E1.26 SulAtlantic semi | BH contains E1.26
dry calcareous grassland

Dry acid grasslartd Acid grassland E1.7 NorMediterranean | BH contains E1.7
dry acid & neutral closed
grassland

Wet acid grasslarfd E3.2 Moist or wet BH overlaps with E3.5
oligotrophic grassland

Dry heathland Dwarf shrub heath F4.2 Dry heaths BH contained in F4

Wet heathland F4.11 Northern wet
heaths

Bog Bog D1 Raised & blanket bog BH equal to D1

Montane Montane E4.2 Moss & lichen BH contains E4.2
dominated mountain
summits

Dune grassland Supralittoral sediment B1.4 Stable dune BH contains B1
grasslands

Saltmarsh Littoral sediment A2.53 Midupper BHcontains A2
saltmarsh

A2.54/55 Pioneer & low
mid saltmarsh

Freshwaters (defined by | Standing open water & | C1 Surface standing BH overlaps with C1

catchment boundaries | canals waters

for 1752 sites only) Rivers & streams C2 Surface running BH overlaps with C2
waters

Broad habitats as mapped fodefining distributions of habitats sensitive to acidification and/or
eutrophication; data submitted to the CCE by EUNIS class.

2EUNIS class closest to broad habitat and critical loads habitat; class used for assigning empirical nutrient
nitrogen critical dads and for classifying UK critical loads data for submission to the CCE.

SRelationships taken from NBNdictionary habitat_correspondances 20 05 2008.xls downloaded from JNCC
website: http://incc.defra.gov.uk/pagel425 (derived from NBN Habitats Dictionary at
http://habitats.nbn.org.uk)

“Wet and dry acidjrassland mapped as a singhapfor the UK(each 1km square either mapped as wet or dry

acid grassland); datsubmitted to the CCE by separate EUNIS class.

SWet and dry heathland maged as a singlenap for the UK(each 1km square either mapped as wet or dry
heathland); data submitted to the CCE by separate EUNIS class.



http://jncc.defra.gov.uk/page-1425
http://habitats.nbn.org.uk/

2.5 Overview of uncertainties

The critical load habitat maps have been produced using the best available data and have been
discussed and agreed by habitat experts. Althotlgty may not include every small area of each
sensitive habitat at the regional or local scale, they do gaonal pictures of the main habitat

types adequate fomnational critical loads mapping purposes.

There are however, uncertainties associated with the maps. The main reasons are:

1 There are uncertainties in all the data sets used (land cover, forest uaaddata, species
distributions, NVC classes, soils data, altitude data)

1 The critical load habitat maps are presented at a resolution of 1km, for consistency with the
critical loads data, however, they are based on a combination of data sets at different
resolutions (e.g. 1km land cover and 10km species distributions).

1 Where the 10km species distribution maps are used to refine habitat areas from the LCM2000,
the 10km gridsquares selected represent the broadMitat in terms of the species composition
present (above the percentage threshold used). However, this does not necessarily mean that
all the species occur within every 1km grid square within each 10km square; the habitat area
could therefore be overestimated.

1 The 10km NVC class maps have the sameemainties associated with them as the 10km
species data above.

It should be noted that the habitat distribution maps and areas used for UK critical loads (acidity,

nitrogen) research (a) only include areas where data exist for the calculation or werioat

critical loads; (b) may differ from other national habitat distribution maps or estimates of
habitat areas. This may also result in a difference in the total habitat areas mapped for acidity
and for nutrient nitrogen critical loads.

2.6 Mapping citical load habitat distributions

The methods and data used to map each individual habitat that critical loadsidifyaandor
eutrophication are assignetb, are described below andummarisedn Table 2.3 The habitat
distributions are shown in figuse2.12.4; these maps show all 1km grid squaitbat contain any

area ofhabitat (ie, the same 1km squares can contain areas of several habitat types)areas of

each habitat mapped for acidity and/or nutrient nitrogen critical loads are given in BableNote

that as mentioned above there can be differences in the areas mapped for the different critical
loads; this is because some of the input data needed for critical loads calculations cover different
spatial areas.



Table 2.3: Summary of data used to map UK habitats sensitive to acidification and/or eutrophication

UK habitat mapped EUNIS class(es) Data used: Habitat mapped for:
assigned LCM2000 10km 10km Other Acidity Nutrient
class(es) species data| NVC nitrogen
class(es)
Managed (productive) broadleaved G1 1.1 - - FC managed/unmanaged data| Y Y
woodland
Managed (productive) coniferous G3 2.1 - - FC managed/unmanaged data| Y Y
woodland
Unmanagedoniferous and/or G4 1.1&21 - - FC managed/unmanaged data| Y Y
broadleavedwvoodland
Beech woodland G1.6 11 - W12 W14 | FC managed/unmanaged data| As part of | Y
W15 G4
Acidophilous oak woodland G1.8 11 - w11l FC managed/unmanaged data| As part of | Y
W16 G4
W17
Scots pine woodland G3.4 2.1 - W18 FC managed/unmanaged data| As part of | Y
G4
Calcareous grassland E1.26 7.1 Y - Soil critical loads map Y Y
Dry acid grassland E1.7 8.1 Y - HOST soil class Y Y
Wet acid grassland E3.2 Y - HOST soil class Y
Wet heathland F4.11 10.1&10.2 | Y - HOST soil class Y Y
Dry heathland F4.2 Y - HOST soil class Y
Bogs D1 12.1 Y - - Y Y
Standing waters (lakes, reservoirs) C1 - - - Upstream catchment area Y N
Rivers & streams C2 - - -
Montane E4.2 15.1&16.1 | - ui1o0 Altitude data (excludes areas | Y Y
<600m)
Dune grasslands B1.4 19.1&7.1 Y - 2km coastal buffer N Y
Saltmarsh A2.53/A2.54/A2.55| 21.2 Y - - N Y

IFor acidity areas of habitat that coincide with soil acidity critical loads <2 kéydza' are removed.

2The definition of E1.7 includes both acid and neutral grassland, but only acid grassland is mapped for the UK; the itrogiemtcritical loads assigned to this class are

based on evidence for acid grasslands only (Seétid:3.5).
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Table 2.4: Areas of habitats mapped in the UK for acidity and for nutrient nitrogen critical loads.

Habitat mapped for critical loads EUNIS class(es) | Area (knf) Area (kn?)
mapped for mapped for
acidity critical nutrient nitrogen
loads critical loads

Acid grassland (wet & dry) E1.7 & E3.52 15336 15235

Calcareous grassland E1.26 1808 3578

Dwarf shrub heath (wet & dry) F4.11 & F4.2 24705 24826

Bog D1 5454 5526

Montane E4.2 3054 3129

Coniferous woodland (managed) G3 8374 8383

Broadleaved woodland (managed) G1 7452 7482

Beech woodland (unmanaged) G1.6 Included in G4 719

Acidophilous oak woodland (unmanaged) G1.8 Included in G4 1434

Scots pine woodland (unmanaged) G3.4 Included in G4 204

Unmanagedconiferous and/or broadleaved) | G4 4011 1761

woodland

Freshwaters Cl&C2 7857 Not mapped

Dune grassland Bl1.4 Not mapped 323

Saltmarsh A2.5 Not mapped 427

All habitats 78051 73027

2.6.1 Woodland habitats
The UK BAP identifisil 4 2 ¢22 Rt yR ONBFIR KFoAlGlGay GoNBLFRESIH
GO2YyATSNRdAzA 622Rfl yYRE D C2NJ ONRGAOIET f2FR&a 020K
since the longerm protection of the whole ecosystem function (ie, soils, trees, linkgdatic
ecosystems) is important. However, these managed and unmanaged systems are treated separately
as the critical loads are determined by different approaches. While LCM2000 distinguishes between
broadleaved and coniferous woodland, satellite imageapnot be used alone to separate managed
from unmanaged woodland, or to identify specific &goof woodland, such as Acidophilooak
woods. Therefore, a combination of LCM2000 data, Forest Research (FR) data and National
Vegetation Classification (NVQta have been used in the mapping of these habitats. The FR data
consisted of a combination of the National Inventory of Woodland and Trees (NIWT) and the Ancient
and Senmhatural Woodland Inventories of English Nature, the Countryside Council for Wades a
Scottish Natural Heritage (FC, 2001; FC, 2002a; FC;20022008 Together these data identified
areas of:

1 managed coniferous woodland

1 managed broadleaved woodland

1 unmanaged coniferous avat broadleaved woodland

The unmanaged woodlartierefore consists of acient and semnatural woodlandincludingScots

Pinel GKAA adzy YIyl 3SR ¢ 2RIV IYREREA &F 2 N AcdAY2SHRA AISNEOASH &
timber production. All other coniferous and broadleaved woodland is assumed to be primarily
managed agroductive forest where harvestingrad removal of trees takes place. Following the first

mapping exercise in 2003 (Hall et al, 2004) some areas of managed broadleaved woodland were
found to coincide with 1km squares dominated by peat soils; FRd=mesl this unlikely and came to

the conclusion that this discrepancy had arisen due to a decision to include young trees as managed
broadleaved woodland. In 2004 the data sets were updated to remove these areas from the
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managed broadleaved map and adceth to the managed conifer map (Hall et al, 200Qxitical
loads of acidity are calculated separately for each of the three woodland categories above.

For nutrient nitrogen the unmanaged woodland category is further-dgwizied into the following
categries to which critical loads can be applied:

1 Acidophilousoak woodland

1 Beech woodland

1 Scots pine woodland

91 All other unmanagedoniferous anébr broadleavedvoodland

This results in a total of sevesxeparate woodland habitat distribution maps; each is presented as a
separate map because it is possible for more than one woodland type to occur in a 1km grid square.
For consistency with the mapping of other habitats, the LCM2000 data provides thefdraie
woodland habitat areas. The LQIDOwoodland data were compared with the FR data; although
the two sets of data coincide in many areas, there is not a complete match for a number of reasons:
1 The data sets have been generated using different metlamdifor different purposes.
1 LCMO0O0O0is a map of land cover, whereas the FR data are for land use.
1 Unlike FR data, L&G00 does not distinguish between the managed and unmanaged
woodland areas.
1 FR data can include other habitat types, for example, areg®wing trees that would be
classified as nowoodland cover types (eg, grassland, heathland) on the200M

To overcome thes differences, a method wadeveloped in agreement with FR, that uses the ratio
of the three different FR woodland types in eadtmlsquare to estimate the areas of woodland
from the LCN2000data (see below).

Managed (productive) coniferous woodlan@EUNIS class GBigure 2.1a)
The FR 1km data for managed coniferous woodland veserlaid onto the LCRO0Oclass (2.1 for
coniferouswoodland. Then the distribution of managed coniferous woodland was mapped as those
1km grid squares where both FR and [20BDdata occur. The managed coniferous woodland areas
were calculated as:
Managed conifers = (ratio of FR managed coniferous wodd&ea to FR total woodland area)

* LCM2000coniferous woodland area
where FR total woodland area = sum of managed and unmanaged coniferous and broadleaved
woodland.

Managed (productive) broadleaved woodlan@EUNIS class GEigure 2.1b)

The FR lkrdata for managed broadleaved woodland were overlaid onto the 2@Nclass (1.1) for

broadleaved andnixed woodland. Then the distribution of managed broadleaved woodland was

mapped as those 1km grid squares where both FR and20@Mdata occur. The magad

broadleaved woodland areas were calculated as:

Managed broadleaved = (ratio of FR managed broadleaved woodland area to FR total woodland
area) * LCN00Obroadleaved &mnixed woodland area
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Unmanaged coniferous arldr broadleaved woodlandEUNIS class GBigure 2.2b)
The FR data for unmanaged broadleaved and coniferous woodland were overlaid onto tAeQ0CM
classes for allvoodland (ie, sum of LCMOO classes 1.1 and 2.1). Then the distribution of
unmanaged woodland was mapped as thosenldrid squares where both FR and L2000 data
occur. Areas mapped as Acidophila#k woods, Beech woodland or Scots pine (see below) form
subsets of the unmanaged woodland area and for nutrient nitrogen critical loads where values are
applied to each othese separately, they were removed from this map. For acidity, the whole area
of unmanaged woodland is treated as a single map. The unmanaged woodland areas were
calculated as:
Unmanaged woodland = (ratio of FR unmanaged area to FR total woodland a@s000total
woodland area

Beech woodlandAcidophilous oak woodlandScots pine woodlandFigures 2.1d, 2.1c, 2.2a)

In generating these maps the above unmanaged woodland distribution is used as the base map.
This map was overlaid with the 10km sjpatdata sets of the relevant National Vegetation
Classification (NVC) woodland communities (Rodwell, 1991)(Table 2.3).
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Table 2.3: List of NVC classes used in the creation of woodland distribution mapgefch woodland,
acidiophibus oak woodlangdandScots pine woodland.

Habitat EUNIS class| NVC class(es)

Beech woodland Gl.6 W12Fagus sylvaticdlercuralis perennis
W14 Fagus sylvatic&ubus fruticosus
W15Fagus SylvaticBeschampsia flexuosa

Acidophilous oak G1.8 W11Quercus petraedBetulapubescenOxalis acetosella
woodland W16Quercus sppBetula sppDeschampsia flexuousa

W17 Quercus petrae®etula pubescenBicranum majus
Scots pine woodland G3.4 W18Pinus sylvestrislylocomium splendens

Note: based on correspondence table relating NVC classebINIS classéstp://jncc.defra.gov.uk/pagel425
(derived from NBN Habitats Dictionarylatp://habitats.nbn.org.uk)

The distributions for EUNIS classes G1.6, G1.8 and G3.4 were generated by extracting the 1km
unmanaged woodland squares from within the 10km squares of the relevant NVC classesne
instances the 10km squares of the NVC classes for G1.6 overlappethege for G1.8; in order to
provide an estimated area for both G1.6 and G1.8, the area of unmanaged woodland in each 1km
square was divided equally between the two woodland classes.

All remaining 1km squares of unmanaged woodland that did notwihlin the NVC squares for

0KSasS ¢g22RfIYyR (eLlSasxs ¢gSNB YI LIWISR Ay | F2dz2NIK (
g22RE I YRé YR | YAGNRISY ONXRIGAOldee Se@idn®.2.3. 8| A Iy SR
Note that this distribution of unmarged woodland therefore covers a smaller area than the
Gdzy YFYylF3aSR ¢22RfFyRéE OFGS3aA2NE YI LILISR F2NJ I OARAG

Woodland areas for Northern Ireland
The LCM2000 includes areas of coniferous and broadleaved woodland for Northern Ireland.
However, data were not available for this region to distinguish managed from unmanaged
woodland. The Environment and Heritage Servikav({d Mitchel, EHS, pers. Commow Northern
Ireland Environment Agengydvise that (a) all the coniferous woodland inWdluld be managed,;
(b) the majority of broadleaved woodland is semaitural with only a small percentage of
broadleaved plantation; the latter is not necessarily managed, as a large proportion is estate
amenity woodland. Thedata for the NVC classes fohdse woodland types did not include any
squares iNl. Therefore only two categories of woodland are mapped for NI:
1 Managed (productive) coniferous woodland based on RQM class 2.1 (coniferous
woodland) and assuming all areas to be managed.
1 Unmanagedbroadleaved woodland based on LEDOO0 clas 1.1 (broadleaved/mixed
woodland) and assuming all areas to be unmanaged.

2.6.2 Grassland habitats

Two grassland broad habitats are mapped for critical loads: acid grasslandleackous grassland.

It is not mpssible to distinguish these grassland habitats using satellite imagmrg.aAthree-class
GazAiAf I OAR &Sy aétal NgoR) dased or sdilJpHoahd2bhEl sairation, was used in
combination with the oiginal grassland imagery in LE000to produce three separate acid, neutral
and calcareous LCM00grassland classes (Table 3.1 below; Fell@d.,2002(a) & 2002(b)).
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This method worked reasonably well for defining the acid grassland areas. The calcareous grassland
areas may be overestY 1 SR Fa (GKS aaz2if | OAR aSyairilirgdries
areas of grassland with a more neutral pH. However, the calcareous grassland map obtained using
this method shows a reasonable correspondence with the species datai$ohabitat. Acid and
calcareous grassland are therefore included in the critical load habitat maps and species data have
been used to refine their distributions (see below). However, neutral grassland is excluded, and
critical loads for acidity and nutni¢ nitrogen for neutral gassland are not mapped for tweasons:

f ¢KS LI NIry3aS 2F GKS aa&2A frthis @dsfandinipe @ablé R4IA G & ¢

tends towards the acid side of neutral, so areas of neutral grassland are likely to be
overesimated. Species data for neutral grassland do not help in this case since they cover
many areas wherergssland does not appear on L2000.

1 Neutral grassland in the UK is largely composed of improved grasslands, including hay
meadows.

Table 2.4Defini A2y 2F (GKS GKNBS Ofl aasSa 2F GKS @aadkHeir I OAR
use in LCK000

Soil acid sensitivity class Base saturation | pH LCM2000grass category
Highly sensitive <20% <4.5 Acid grassland
Moderately sensitive 20-60% >4.5and <5.5 Neutral grassland

Low sensitivity >60% >5.5 Calcareous grassland

Calcareous grasslanEUNIS class E1.Z&gures 2.2c, 2.2d)

Two maps of calcareous grassland have been generated:t@rderive the areas sensitive to
acidificaton and theother to deriveareas sensitive to eutrophication. For nutrientrogen critical

loads the 1kmmap of calcareous grasslafidCM2000 class.1)was overlaid witithe 10km species
data for this broad hbitat, and the 1km LCRO0O0 areas within the 10km sques selected for

mapping.

Some of the 1km calcareous grassland squares mapped for nutrient nitrogen critical loads coincide
with 1km squares that have low empirical soil acidity critical loads (ie, below 2.0 Kegeha').

The soil acidity criticdbads are based on the dominant styipe mappedin eachlkm square (see
Section3.2); soils derived from basgoor rocks are more acid and result in low critical loads.
Calcareous grassland may occur in 1km squares that have a low soil acidity odtiabut is
unlikely to be found on the acid soil determining the low soil critical load. The soils upon which the
calcareous grassland occurs are likely to have a higher acidity critical load. Therefore, when mapping
acidity critical loads for calcares\grassland nationally, squares with an empirical soil acidity critical
load below 2.0 keq hayear! are omitted from the map, on the basis that the critical load
(calculated using the empirical method based on the dominant soil) is not appropriatehifor
grassland sail

Acid grasslandEUNIS classes E1.7 & EFfgure 2.3a)

To provide the habitat distribution map for acidity critical loads the LCM2000 acid grassland class
(8.1) was overlaid with the 10km species data for the habitat, and the 1km200®areas within

the 10km squares selected. For nutrient nitrogen the areas of acid grassland needed to be
separated into areas of wet and dry grassland to represent and mapliffezent critical loads for
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two EUNIS classes (Table 2.2). The 29 classes 1km Hydrology of Soil Types (HOST: Boorman et

al, 1995) map were divided into wet and dry categories (Tal#g The HOST class for each 1km

grid square is based on the dominant soil type in the square, so each square can only be defined as
having either wet or dry soils. These 1km data have been overlaid on the acid grassland map
defined above, enabling wet and dry grassland to be mapped separately. However, for the UK
YIELIWAY 3 Ldz2N1LI2 aSa (KSasS KF @S 0SSy GhecodyywstRr Ay i 2
dry grassland can be mapped in any 1km grid square.

2.6.3 Heathland habitatg EUNIS classes F4.11 & F&igure 2.3b)

The dwarf shrub heathabitat map is basedn the LCM2000 classes fdwarf shrub heath(10.1)

and open shrub heatlf10.2) The habitat area is further refined by selecting the RQDO areas

within the 10km squares of the Broadabltat species map For nutrient nitrogenempirical critical

loads have been set for two EUNIS classes: dry heaths (F4.2) and Northerrathst (fet.11), the

latter comprisingCallunadominated andEricatetralix-dominated wet heaths. Satellite imagery
cannot identify individual species, nor separate areas of wet and dry heathland. The HOST data
(Table 2.5have been used to identify area$ wet and dry heaths whictor UK mapping purposes,
areO2 YOAY SR AYGE &K BNHAz§ I EsSohlyavREot dddhédth can be mapped in any
1km grid square.

Table 2.Division of the HOST classes into wet and dry soils

HOST | Soilcharacteristics Substrate hydrogeology Groundwater or Sail:
class aquifer Wet (W)
Dry (D)
1 Mineral soil, no Weakly consolidated, Normally presentand | D
impermeable or gleyed | microporous, bypass flow at >2m
layer within 100cm uncommon (chalk)
2 Mineral soil, no Weakly consolidated, Normally present and | D
impermeable or gleyed | microporous, bypass flow at >2m
layer within 200cm uncommon (limestone)
3 Mineral soil, no Weakly consolidated, Normally presentand | D
impermeable or gleyed | macroporous, bypass flow at >2m
layer within 100cm uncommon
4 Mineral soil, no Strongly consolidated, non orf Normally present and | D
impermeable or gleyed | slightly porous, bypass flow | at >2m
layer within 100cm common
5 Mineral soil, no Unconsolidated, Normally present and | D
impermeable or gleyed | macroporous, bypass flow at >2m
layer within100cm very uncommon
6 Mineral soil, no Unconsolidated, microporous| Normally present and | D
impermeable or gleyed | by-pass flow common at >2m
layer within 100cm
7 Mineral soil, eithemo Unconsolidated, Normally presentand | D
impermeable or gleyed | macroporous, bypass flow at <=2m
layer within 100cm, or very uncommon
impermeable layer within
100cm or gleyed layer at
40-100cm
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HOST | Soil characteristics Substrate hydrogeology Groundwater or Saoil:
class aquifer Wet (W)
Dry (D)

8 Mineral soil, either no Unconsolidated, microporous Normally presentand | D
impermeable or gleyed | by-pass flow common at <=2m
layer within 100cm, or
impermeable layer within
100cm or gleyed layer at
40-100cm

9 Mineral soil, gleyed layer| Unconsolidated, mircoporous| Normally present and | W
within 40cm (IAC <12.5) | by-pass flow common at <=2m

10 Mineral soil, gleyed layer| Unconsolidated, mircoporous| Normally presenand | W
within 40cm (IAC >=12.5) by-pass flow common at <=2m

11 Peat soil, drained Unconsolidated, mircoporous Normally presentand | D

by-pass flow common at <=2m

12 Peat soil, undrained Unconsolidated, mircoporous Normally present and | W

by-pass flow common at <=2m

13 Mineral soil, impermeable Strongly consolidated, non orf Normally present and | D
layer within 200cm or slightly porous, byass flow | at >2m
gleyed layer at 40100cm | common

14 Mineral soil, gleyed layer| Strongly consolidated, non or Normally present and | W
within 40cm slightly porous, bypass flow | at >2m

common

15 Peat soll Strongly consolidated, non orf Normally present and | W
slightly porous, byass flow | at >2m
common

16 Mineral soil, no Slowly permeable No significant D
impermeable or gleyed groundwater or aquife
layer within 1200cm

17 Mineral soil, no Impermeable (hard) No significant D
impermeable or gleyed groundwater or aquifer
layer within 100cm

18 Mineral soil, impermeablg Slowly impermeable No significant W
layer within 100cm or groundwater or aquifer,
gleyed layer at 40.00cm
(IAC >7.5)

19 Mineral soil, impermeablg Impermeable (hard) No significant W
layer within 100cm or groundwater or aquifer,
gleyed layer at 40.00cm
(IAC >7.5)

20 Mineral soil, impermeable Impermeable (soft) No significant w
layer within 100cm or groundwater or aquifer,
gleyed layer at 4000cm
(IAC ¥.5)

21 Mineral soil, impermeablg Slowly impermeable No significant w

layer within 100cm or
gleyed layer at 4000cm

(IAC <=7.5)

groundwater or aquifer,
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HOST | Soil characteristics Substratehydrogeology Groundwater or Saoil:
class aquifer Wet (W)
Dry (D)

22 Mineral soil, impermeablg Impermeable (hard) No significant D
layer within 100cm or groundwater or aquifer
gleyed layer at 4000cm
(IAC <=7.5)

23 Mineral soil, impermeablg Impermeable (soft) No significant wW
layer within 100m or groundwater or aquifer
gleyed layer at 4000cm
(IAC <=7.5)

24 Mineral soil, gleyed layer| Slowly impermeable No significant w
within 40cm groundwater or aquifer

25 Mineral soil, gleyed layer| Impermeable (soft) No significant W
within 40cm groundwater or aquifer

26 Peat soil Slowly permeable No significant W

groundwater or aquifer,

27 Peat soil Impermeable (hard) No significant W

groundwater or aquifer,

28 Peat soil Eroded peat No significant W

groundwateror aquifer

29 Peat soil Raw peat No significant W

groundwater or aquifer,

Note: HOST classes 18, 20, 21 and 23 may be dry soils in areas where agricultural drainage occurs. However,
as the HOST data are being used to define habitats iragoiculturalareas, this should not pose a problem.

2.6.4 Montane habitat EUNIS class E4Rigure 2.3c)

¢KS .1t Y2yililyS ONRIR KFIoAGFEG AyOfdzZRSa davYz2aa
adzYYAGaédszs tfta2 NBLNBASYGSR o0& 9!bL{ OflFaa 9no®H
set. However, this habitat cannot easily be mapped from satellita dltne. Additional information

is required, such as species distributions and altitUtRacomitriumheath, found within montane
habitats, is considered to be very sensitive to eutrophication and acidification. The 10km
distribution map of the NVC clasd]0) forCarex bigelowiRacomitrium lanuginosurmoss heath

has been overlaid onto theCM2000 data for the montane (15.1) and inland bare grourdlj

classes. The LQMO00areas within the 10km squares have been selected and finally using a digital
elevation model, any areas below 600m were excluded from the map.

2.6.5 Wetland habitats

The wetland hbitats considered for critical loads in the UK are (i) bagsténding open wateignd
(iii) rivers and streams. Bogs are mapped for critical loadsidity and nutrient nitrogen. Only a
subset (total 1752)of UK standing open waters, rivers and strearesmappedand due to the
nature of the sites selected they are considered in terms of acidification only.

18

'.l



Bogs(EUNIS class DEjgure 2.3d)

TheLCM 2000 class for bog habit§i®.1)isbased on a combination of the satellite imagery and the
British Geological SurvépGS)peat map. For this work, the habitat distution has been further
refined by overlaying the 10km species data for thegt®Broad Habitat onto the LG@00map, and

then selecting the LCRD00areas within the 10km squares. The same map is used for mapping both
acidity and nutrient nitrgen critical loads

Standing open water, rivers and streanfEUNIS clases C1 & ERjures2.4c, 2.4d)

Critical loads for freshwaters are based on the water chemistry sampld§ 5@sitesacross the UK

425 in England, 344 in Wales, 856 in Scotland and 127 in Northern Ireland. Theyafangistture

of standing waters (lakes) and lewder streams, found largely in upland areas sensitive to
acidification. Ryorous screening of the dataset used to map freshwater ecosystems has been
undertaken(Section5). These specific freshwater sites goetentially sensitive to eutrophication
since nitbgen limitation of primary production is fairly common, but there is currently a la¢k<of
evidence fori KS & K I NJY 8 dpply utfiehtSi@ageénritical loads with confiden(@urtis &
Simpson, 2011). Therefqrat presentonly acidity criticaloads are available for thenbut it may be
possible to apply nutrient nitrogen critical loads in the futufEhe data for standing waters are not
mapped separatelyrom those for rivers and streams. Howevtre data have ben submitted to

the CCE by garate EUNIS classS1 (surface standing waters) and C2 (surface running watéhs).
areas of these sites are defined from their digitised catchment boundaries (ie, the land area draining
into the lake or streamat the sampling point). Two maps are peesed for this habitat: one
showing the location of the sites as point data (Figure 2.4c) and the other showing the catchment
areas (Figure 2.4d)

2.6.6 Marine and oastal habitats
Two habitats sensitive to eutrophication, for which empirical nitrogattical loads are available,
have been mapped fohe UK:dune grasslandnd saltmarsh

Dune grasslandEUNIS class B1.Bigure 2.4a)

This habitat falls within the LCM2000 cl4$8.1)for the broad hakii I G & & dzLINJ £ A ind 2 NI €
2003 this hab#t was mapped as a combination of EUNIS classes B1.3 (shifting coastal dunes) and
B1.4 (stable dune grassland). The extent of B1.3 around the UK is fairly small and due to a lack of
sufficient national data to enable this habitat to be adequately mapjpedas of B1.3 are no longer
included in the distribution map. The curresiine grassland habitat distributidinepresenting B1.4)

is derived by selecting the areas of this land class within a 2km buffer around the UK coast, to
remove any anomalous data jms away from the coastal zone. In addition, 10km species data for
Ammophila arenariare used to further refine the habitat distribution. Nitrogen critical loads have
been defined for both acid and calcareous dune grassl&abl{ink & Hettelingh, 2031 10km
squares whereCorynephorus canescehas additionallypbeen recorded were used to identify the
distribution of acid dunes. The resulting habitat distribution identified most areas of dune grassland
in England, Wales and Northern Ireland; areas otl&td were undefrepresented. After examining
possible options for improving the distribution across tewl, it was agreed to includareas of
LCM2000 calcareougrassland (clas$.1) that fell within the 2km coastal buffer and within the
species distbution for Scotland. Only M2000 class’.1 squares that were not already captured
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within the calcareous grassland habitat map (Section 2.6.2) were included in the final dune grassland
map.

Saltmarsh(EUNIS classes A2.53/4/bigure 2.4b)

LCM2000 inades a saltmarsh clasg1(.2), but as for other habitats it was decided to refine and
confirm the habitat distribution using ancillary data sets. In this case species distribution data for
Puccinellia maritimgcommon saltmarsh grass) addincus maritimugsea rush) were used. The
saltmarsh distribution map was defined by selecting the 1km 2@@squares that fall within the

10km species distribution squares. This combination of data identified all the key areas of saltmarsh
in the UK
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Figure 2.1Habitat distributions for (a) managed coniferous woodland; (b) managed broadleaved woodland;
(c) Beech (Fagus) woodland; (d) Acidophilous oak (Quercus) dominated woodland.
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Figure 2.2Habitat distribtions for (a) Scots Pingoodland; (bJunmanaged mi&d woodland; (cxalcareous
grassland as mapped for nutrient nitroggd) calcareous grassland as mapder acidity (see Section 2.6.2
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Figure 2.3: Habitat distributions for (a) Dry acid grassland (orange) and wet acid grassland (blue); (b) dry dwarf
shrub heath (pink) and wet dwarf shrub heath (purple); (c) montane; (d) bog.

23



(b)

() ' #l () ' f

Figure 2.4: Habitat distributions for (@aiddune grasslandred) and calcareous dune grassland (blue); (b)
saltmarsh; (c) sampling points for standing waters (dark blue) andrag€light blue); (d) catchment areas for
standing waters (dark blue) and streams (light blue).

24



3. Critical loads of acidity for terrestrial habitats

3.1 Introduction

Acidification is caused by nitrogen and sulphdeposition In the calculation of critical load
exceedance maps, it is assumed that all nitrogen (derived from nitrogen oxides or ammonia) is
acidifying in the long term. This is consistent with the critical load being a steady state concept (with
long timescales kiag required to reach the steady state). However, there is still much debate within
the scientific community to understand the fate of deposited nitrogen. The acidity critical load
exceedance maps are considered a worst case scenario, and the futurd rifleogen deposition in
acidification and recovery of so{land watersyemains an important research topic.

Both methods make use of the empirical critical loads of acidity for soils and this section begins with
a descripion of these

3.2 Critical bads of acidity for soils

Critical loads are assigned to each 1km square according to the dominant soil type occurring in each
square. The critical loads are calculated using two wath one for mineral and orgarmineral

soils and another for peat soilBoth are described below. The combination of the critical loads for

all soil types into a single map produces a map called the empirical critical ddatidity for soils
(Figure 31).

3.2.1 Empirical critichloads of acidity for mineral and organmineral soils

The UK methodology for calculating and mapping acidity catidoads for mineral and organo
mineralsoils (Hornunget al, 199%) remains unchanged. One of five critical load classes is assigned
to each 1km grid square based on the minegyt and weathering rate of the dominant soil (series or
map unit) in each square.Some of theclasses assigned were revised according to additional
information, such as soil drainage or texture (Hornueigal., 1995c). Each critical loads class is
associated with a range of critical load vallbesed on the amount of acid deposition that could be
neutralised by the base cations produced by mineral weatheriffpwever as a single value is
usually required for each squafeg, for the calculation oéxceedances)the midrange valueis
used, with the exception dhe critical loads in classvthere the value is set to the top of the range
(Table 3.1). This is consistent with work on soil weathering rates by Lasgain (1995) and
Sverdrupet al. (1990).
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Table 3.1:Deriving critical loads for mineral and orgamineral soils (Hornung et al, 1995; Nilsson &
Grennfelt, 1988)

Minerals controlling Critical Critical loads range Mid-range value usedh UK
weathering loads class | (keq ha'year?) (keq ha' year?)
Carbonates 1 >2.0 <=4.0 4.0 (upper limit used)
Pyroxene, Epidote, Olivine 2 >1.0<=2.0 15

Biotite, Amphibole 3 >0.5<=1.0 0.75

Muscovite, Plagioclase, Biotite | 4 >0.2 <=0.5 0.35

Quartz, Kfeldspar 5 <=0.2 0.1

As the empirical map of saikitical loads is based on the dominant soil type, any changes to the
underlying soil databases will lead to changes in the empirical mapificadtbns were last made to
this map in 2003.

keq ha! year'1
Il -0
Blo:2-o05
[ Jos-1
1-2
| P

Figure 3.1: Empirical critical loads of acidity for the domirsnil type in each 1km grid square (ie, combining
the critical loads for peat and ngpeat soils).

3.2.2 Critical loads of acidity for peat soils

The method used for calculating acidity critical loads for peat soils was last updated in 2003 (Hall et
al, 2003). Critical loads of acidity for peat soils are treated differently from those for mineral soils
because of the absence of inputs of alkaliriiym mineral weathering (Smith et al, 1992; Gammack
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et al, 195; Hornung et al, 1995c & 1996d Research has demonstrated that the chemical and
biological response to acidity in peat is closely related noeffective rain pHhreshold of 4.4
Yesmin etal (1996) showed that the best correlation between transformed mycorrhizal infection of
Callunaroots and deposition parameters was with effective rain pH; Dawod (1996), Proctor &
Maltby (1998), and Parveen (2001) have shown that peat soil solution pHsegftective rain pH.

A review of the critical loads concept by Cresser (2000) concluded that for peat soils especially,
critical load quantification could only sensibly be based upon the prediction of the pH of sail
solutions. Such a method could thee Imeaningfully related to biological and physicochemical
effects (Sanger et al, 1996; Cresser et al, 1997). Close scrutiny of the results of Proctor & Maltby
(1998) as reproduced by Charman (2002) demonstrates that fitting a curve to their experimental
data for pH versus effective rain pH is more appropriate than using linear regression, and results in
an equilibrium value at ca. pH 4.4. This pH reflects the buffering effects of organic acids upon peat
drainage water pH. There is no justification faleatpting to protect the pH of peat soil solution to
a value above this equilibrium threshold value. The evidence therefore suggests that critical loads of
acidity for peat soils should be set at a value corresponding to the amount of acid deposition that
would give rise to an effective rain pH value of 4The following equation is used to calculate the
soilacidity critical load for all UK 1km grid squares dominated by peat soils:

CLA = Q * [t

where:

Q = runoff in metregmean 1km values for 1941970

[H*] = critical hydrogen ion concentration equivalent to pH 4.4

This method is supported by UK data published by Calver (2003), Skiba & Cresser (1989) and Calver
et al (2004). A meeting between UK soil critical load experts discussed how this metted te

those applied to other soil types and whether this effective rain pH could be translated into a critical
soil solution pH, a commonly used criterion in the Simple Mass Balance (SMB) equation. It was
agreed that the corresponding soil solution piHan effective rain pH of 4.4, would also be pH 4.4.
Therefore this method can be expressed as an SMB with a criterion of critical soil solution pH 4.4.
The equation used remains the same as that above, as the leaching of aluminium and base cation
weathering, as included in the SMiguation (see Box 1¥an both be set to zero for peat sails.

This method is applicable to upland and lowland acidt geéls, but not to the lowlandarable fen
peats. The peat soils in these lowlardable fen areas are n@s sensitive to acidification as those

in other regions and therefore require a higher critical load to be set. cFitieal loads for the
lowlandarable £n areas aree-set to 4.0 keq hayear?; this high value is at the top of the empirical
range d critical load values for soilslornunget al, 199%). This valuevas applied to 1km seares
dominated by peat soilsvhere the dominant land cover, according to LCM2000, was arable. The
resulting map is shown in figure 3.2.

27



keq ha' \,rear'1
-0
Bo:-o05
[ Jos-1
[1-2
-

Figure 3.2: Acidity ciital loads for 1km squares dominated by peat soils.

3.3 Critical loads of acidity for nowwoodlandterrestrial habitats

The empirical critical loads described above (Section 3.2) are used to satidlity critical loads to

protect the soils on which theon-woodland habitats depend. As the soil critical loads are based on

the dominant soil in each 1km grid square, this means that the critical load for all hadxtatsring

within asinglelkm grid square are also based on gamedominant soil type The exception to trs

is the bog habitat, definedby / annnn | & &. 2 3ahebatédiisdamiSnosSyNsivadds O S 2 dz&
in areas witha peat depth >0.5m¢ Fufler et al, 2002b It is thereforeassumed that this habitawill

only occur on peat soiland the critical loads should be based on the above metliodpeat soils

(Section 3.2.2) In order to calculatethe parameters for the Critical Loads Function (CLmaxS,
CLminN, CLmax/fdr each habitatadditional habitatspecific data are used (Section 4).

3.4 (itical loads of acidity for woodland habitats

The SMB equation is the most commonly used model in Europe for the calculation of critical loads
for woodland ecosystems. This model is based on balancing the acidic inputs to and outputs from a
system, to derivea critical load that ensures a critical chemical limit (related to effects on the
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ecosystem) is not exceeded (Sverdrup et al, 1990; Sverdrup & De Vries, 1994). The equation has
been derived from a charge balance of ions in leaching fluxes from theosgilactment, combined

with mass balance equations for the inputs, sinks, sources and outputs of sulphur and nitrogen
(Posch et al, 1995).

In the UK aidity critical loads for the woodlandabitats are ckulated using SMB equatiorisee

Box 1) with different chemical criteria for woodlands on mineral or organmerals soils, and on

peat soils Table 3.2 summarises the methods applied to each woodland/soil combination, as well as
those for nonwoodland habitats Critical loads are calculatedrfboth managed and unmanaged
woodlands in order to protect the lorgrm ecosystem faction of the woodland habitatghis also

aims to protect the land under managed conifer forest farssiblefuture nonforest use and
reversion to semnatural landuses. As for the noawoodland habitats, additional habitegpecific

data are used to calculatie Critical Load Function paramete@:maxS, CLminN, CLmaxN (Section
4).
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Box 1:
SMB equation usin@a:Alatio as chemical criterion for mineral anargano-mineral soils
(NB. Baseation(BC) terms here relate to calcium only).

CLA =ANG, ¢ ANGy(ery
where:
CLA = critical loads of acidity (eqhalyear?)
[divide by 1000 to giveeghalyearl]
ANG, = Acid Neutralising Capacity produced by weathegahé&lyear?)
(basecationweathering)*
AN Gecrig = critical leaching of ANEdhalyear?)
:'Ahe(crit) q I_ﬁe(crit)
Ale(eriy = critical leaching of aluminiureghalyear?)
=((1.5*BG,) / Ca:A) * 1000
BG = calcium leachingkéghalyear?)
=BG (BG
BG = net uptake of calciunkéghalyear?)
=minimum(uBQ)
u = calcium uptakeeghalyear?)
BG = calcium availabilitykeghalyear?)

= maximum(Cg+CayepG BGomin 0)

Ca, = calcium weatherinkeghalyear?)
Cayep =total (marine plus nomarine) calcium deposition to woodlandeghalyear?l)
BGemin = minimum calcium leachinggghalyear?)
=Q*Bg*0.01
Q = runoff (metres yeal)
B4 = limiting concentration for uptake of calcium (2uéq |
He(crio = critical leaching of hydrogen ioregjhalyear?l)
=(1.5* (BG.* 1000) / Kyipn* Ca:A)))Y3* (Q * 100005
Kgiob = gibbsite equilibrium constant (frac?])
Ca:Al =Calcium:Aluminiumatio

* Basecationcontributions from phosphate or potassium fertilisers are addédNg; in the
calculation of critical loads for managed woodland®oganomineral and peat soils.
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Table 3.2: Summary of acidity critical Iq@&LA)methods andbarameters applied bterrestrial habitat and soil type

Habitat Soil Method Chemical Kgibb Ca uptake Ca depsition Rock P
criterion mé eq2 keq ha' year?! (years) keq ha'year?
Managed Mineral SMB Ca:Al=1 950 0.16 19982000 -
conifer woodland | Organemineral SMB Ca:Al=1 100 0.16 19982000 0.177
Peat SMB Critical pH 4.4 - - - 0.417
Managed Mineral SMB Ca:Al=1 950 Capoor soils = 0.195 19982000 -
broadleaf Carich soils = 0.29
woodland Organemineral SMB Ca:Al=1 100 0.195 (assumes dlla 19982000 0.08
poor)
Peat SMB Critical pH 4.4 - - - 0.417
Unmanaged Mineral SMB Ca:Al=1 950 zero (assumes no tree 19982000 -
mixed woodland harvesting/removal)
Organemineral SMB Ca:Al=1 100 zero (assumes no tree 19982000 -
harvesting/removal)
Peat SMB Critical pH 4.4 - - - -
Nonwoodland Mineral Empirical soil - - - - -
terrestrial Organemineral Empirical soll - - - - -
habitats Peat SMB Critical pH 4.4 - - - -

"In SMBequation for peat soils ANGNd ANGriy Set to zero,

arable land.

so CLA %y In addition the CLA is set to 4.0 ked! lyaar? for squares dominatety peat soil and by

#Application of rock phosphate as fertilizeegSection 3.4.%nd Box )
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The paagraphs below describiae key inputs to the SMB and any defaultued applied.

3.4.1 Chemical criteria

The SMB equation is parameterised according to the appropriate critical chemical criteria and critical
limits, below whichadverse effects adicidificationwould be expected to occurA critical molar ratio

of calcium to aluminium of ongCa:Al = 1 soil solution is a common criterion applied in the SMB

to protect the fine roots of trees. This criterion is used in the SMB equation applig¥ twoodland
occurring on mineral and orgamaineral soils (ie, mineral soils with a peaty top), where soil water
aluminium needs to be accounted for when considering acidification processes in these soils. For
woodland onorganic (peat) soilsthe critical loads based on a critical soil solution pH of 4.4 as
described in Section 3.2.2 are applied.

3.4.2 Gibbsite equilibrium constant

The gibbsite equilibrium constant f§) simulates the relationship between aluminium and
hydrogen ions in soil solution Vales for this constantre based on the percentagef organic
matter in the soil For the UK, te valueapplied is based on the soil tyjges follows:950 nf eq? for
mineral soils, 100 freq? for organemineral soil{UBA, 1996; CLRTAP, 2013)

3.4.3 Calciumdeposition

The calculation of acidity critical loads for woodlands on maher organemineral soils idased on

the Ca:Al criterionwhichrequires total calcium deposition (ie, wet plus dry, marine and-mamine)

valuesto estimate the calcium availahkil (Box 1). The values currently usedthe critical load

calculations arethé / 2y OSY G NI A2y . FaSR 9&aGAYlIGSdRn 8 L2 aA G A
for 19982000; these are not updated when the CBED data are updated, as this would alter the
critical load values every time the deposition was updated. The values for2(H¥B provide an

estimate of the long term calcium inputs from deposition.

3.4.4 Base cation and calcium weathering
In its simplest form the SMB equation can be expressed as:

CLA = ANG; ANGe(criry

where:

ANG, = acid neutralising capacity (ANC) generated by base cation weathering

ANGe(rit) = critical leaching of ANC
The empirical critical loads of acidity for soils (Section 3.2.1) are based on the mineralogy and
weathering rate charaetistics of the dominant soil, and can therefore be used to provide ,/ANC
inputs to the SMB. Thbase cationweathering rate is set to zero for those 1km grid squares
dominated by peat soildue to the absence of inputs of alkalinity from mineral weathgtiim these
soils.

The formulation of the SMB adopted in the UK for woodland on mineral and ongameral soils

uses a critical molar Ca:Al ratio in soil solution as the chemical effects criteria. This means that the

base cation terms in the calculati@i ANG iy need to be considered in tms of calcium only (Box

1). As calcium weathering is a fraction of the total base cation weathering, estimates are obtained

08 LIWX &@Ay3 aOl t OAdzy O2NNBOGALYE @FfdzSa (2 GKS ¢
Calcium weathring = ANE* calcium correction factor
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The correction factors were provided biK soil experts for eadoil type. The calcium weathering
rate is set to zero for the peatominated grid squares.

3.4.5 Contributions to base cation budget from fertilizer apgdition

The application of phosphate and potassium fertilisers (primarily rock phosphate and muriate of
potash) as a contribution to the base cation budget to managed woodlands on ergizeoal and

peat soilgstaken into account in the calculation of dity critical loadgTable 3.2 andox 1) Forest
Research provided fertiliser application rates based on published practice guidance (Taylor, 1991).
The dynamics of base cation release from fertilisers are not considered because the SMB approach
works on a rotation length timeframe.

3.4.6 Base cation, calcium and nitrogen uptakeemoval)values

These uptake values are required for the calculations of critical loads for managed woodland

habitats. Calcium uptake is included the acidity SMB (see Bo) base cation uptake is included in

the derivation of CLmaxS (Section 4), and nitrogen uptake is included in the derivation of CLminN
(Section 4) and in the nitrogen mass balance equation used to calculate critical loads of nutrient

nitrogen for managed woodland§ection 6.3) For unmanagedvoodlands, all uptake terms are set

to zero assuming that no harvestingychtherefore no removal of baseations, calcium or nitrogen,

takes place.

The methods used to estimate base cation (Bc), calcium (Ca) and nitrogen (N) losses by uptake and
remowval during harvesting and thinning operations in forests and woodlands are based en site
specific measurements made at the ten UNECE/ICP Forests Intensive Forest Health monitoring sites
(Level 1) in the UK operated by Forest Resedetween 1995 and 2003The estimates of uptake

are calculated using average volume increments (ie, a measurement of yield) which are converted
into the amount (Bc etc) removed in harvest based upon the wood density and the concentrations in
the wood. All calculations used tkame equation:

Loss from site = average volume * basic wood *concentration
increment density in wood
(keqg hat year?) (m® ha'year?) (g (keq @b

Cumulative volume production including yidldm thinnings are predicted from forest yield tables
(Edwards and Christie, 1981). Rotation length is based on felling at maximum mean annual
increment (MAI) for the two conifer species. In the case of oak, the rotation is extended beyond
maximum MAI tol120 or 140 years to reflect typical practice. Overbark (ie, including bark) volumes
(as given in the yield tables) are converted to underbark (ie, excluding bark) volumes using industry
accepted, species specific conversion factors (Hamilton, 1975) prg\ddparate estimates of wood

and bark volumes.

The three oak plots are assumed to be thinned, while of the conifer species, Sitka spruce is assumed
unthinned, and Scots pine, thinned. The mean of the three broadleaved and seven conifer plots are
then taken as representative values for their respective forest categories. The mean yield class of
these two forest categories (5.0%ha? year?! broadleaf and 15.8 fha? yr! conifer) are higher than
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the average for the 0.9 MHa of the Forest Enterprise @s{at2 and 11.6 fha’ yr! respectively),
and thus uptake values have been scaled accordingly.

Species specific densities for wood and bark (Lavers, 1969; Hamilton, 1975) are used to calculate
biomass. For broadleaved species, branch biomass is daltwdaditionally, accounting for small
diameter timber taken off site for pulp and firewood.

Site specific measured stemwood and bark nutrient concentrations together with published values
of branch nutrient concentrations (Allen et al., 1974: for oalkyp are then used to estimate total
guantities of Ca, Bc and N taken offsite during the rotation. Uptake is assumed to occur at a constant
rate over the course of the rotation.

In the @se of Ca and Bc uptake by broadleaved species, two of the sitesr{&8lee and Alice Holt)
are assumed to represent calcidrich soils, and one (the Lakes), calcium poor soils. N uptake of
broadleaved species was calculated as the mean of all three sites.

Table 3.3Base cation, calcium and nitrogen uptake valuesrfanaged coniferous and managed broadleaved
woodland.

Woodland type Uptake values (keq hayear?)

Base cations Calcium Nitrogen
Managed conifes 0.27 0.16 0.21
Managed broadleaf on Gich soils 0.41 0.29 0.42
Managed broadleaf on Gaoor soils 0.315 0.195

Notes:

1 Conifer values based on the mean of four Sitka (Coalburn, Tummel, Loch Awe, Llyn Brianne) and three
Scots pine (Thetford, Sherwood, Rannoch) sites.

1 Broadleaved values for or soils based on the Grizedale oak site and value€doich soils based on
the mean of data for Alice Holt and Savernake oak sites

1 Where the SMB is applied to unmanaged broadleaved and unmanaged roosifeoodland, aluptake
terms are set to zero, assuming that no harvesting takes place.
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4. Acidity Citical Loads Function (CLF) for terrestrial habitats

4.1 Introduction

Deposition of both sulphur and nitrogen compounds can contribute to exceedance of the acidity
critical load. The Critical Load Function, developed under the UNECE CLRTARt(Rigsth99;
Posch & Hettelingh, 1997; Poseh al, 1995; Hettelinghet al, 1995), defines combinations of
sulphur and nitrogen deposition that will not cause harmful effebitsits simplest form, an acidity
critical load can be definegraphically by a 45afjree diagonal line on a sulphanitrogen deposition

plot (Figure 4.1a). The line intercepts theaxis (representing nitrogen deposition) anehyis
(representing sulphur deposition) at chemically equivalent points, each representing the nitrogen or
sulphur deposition equal to the critical load for acidity. Each point along the diagonal line represents
the critical load in terms of some combination of sulphur and nitrogen deposition.

To allow for the longerm nitrogen removal processes by the soil atimlough harvesting of
vegetation, the simple diagonal line is shifted along the nitrogen axis to increase the nitrogen values
across the entire CLF (Figure 4.1b). More nitrogen can then be deposited before the acidity critical
load is exceeded. There ame similar removal processes that need to be considered for sulphur.

The intercepts of the CLF on the sulphur and nitrogen axes (Figure 4.1c) define the following terms:

f ¢KS aYlIEAYdzY ONRGAOIE f21R 2F & dekptesedNiEternts/ [ Y I E {
of sulphur only, ie, when nitrogen deposition is zero.

T ¢KS aYIFIEAYdZY ONARGAOFIE t2FR 2F yAGNRASYEé o6/ [ Yl
terms of nitrogen only (when sulphur deposition is zero).

f ¢KS AGYAYAYdzY DOUNBIAOYE 6 2 [H&Rh ftgelyremokabprotedsg<in
the soil (eg, nitrogen uptake and immobilisati@md harvesting of vegetation

(@ (b)
Sdep Sdep

Ndep Ndep CLminN CLmaxN Ndep

Figure 4.1: 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: CLmaxS, CLminN, CLnmEx@area shown in grey represents the combinations of sulphur
and nitrogen deposition that are b@w the critical load (ie, critical load is not exceeded).

The acidity critical load values CLmaxS, CLmi@NmaxN are calculated for each habitat, for each
1km grid square in which the habitat is mapped. These values, together with the data used to
calallate them, form part of the data that the NFC is required to submit to the CCE.

The paragraphs below describe the methods used to calculate these critical fmatisrestrial
habitats the catulations for freshwaters ardealt with parately in Seabn 5.6. The calculatioaof
exceedance of aciditgritical loads using the CLF alescribed in Part Il of this report.
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4.2 Maximum critical load of sulphur: CLmaxS
CLmaxS is based on the acidity critical load values but also takes into account ties@eatation
deposition to the soil system and base cation removal from the system:

CLmaxS = CLA «wBEBG

Where:

CLA = acidity critical load (empirical or SMB)

BGep = nonmarine base cation (less nanarine chloride) deposition

BG =base catioruptake (removal)

The base cation and chloride deposition used in these calculations ar€BE&values for 1998

2000 (Section 9) as with the deposition values incorporated into the SMB acidity critical loads
(Section 3.4.3) these values are not updateden the CBED data are updatedhe base cation

uptake (removal)values are set to zero for acid grassland, dwarf shrub heath, bog and montane
habitats, based on Rawes & Heal (1978) and Reynolds et al (1987). The removal of base cations in
calcareous grssland is set at 0.222 keqhgear! based on figures foremoval by sheep grazing

The uptake values for managed (productive) coniferous and broadleaved woodland are given in
Table 3.3; uptake is set to zero for unmanaged woodland assuming no hagvestd therefore no

base cation removal, is taking place.

4.3 Minimum critical load of nitrogen: CLminN
As described above CLminN is the sum of the-teng nitrogen removal processes frothe soil
and vegetationand is calculated as:

CLmMIinN = N+ N+ Nie + Nire

Where:

Ny = nitrogen uptake (removal)

Ni = nitrogen immobilisation

Nae = denitrification

Nire = nitrogen losses through fire (applicable to dwarf shrub heath only)

The derivation of itrogen uptake values for managed coniferous d@rdadleaved woodland are
given in Section 3.4.6The values applied to each habitat are summarised in TableValles of N
and Ne have been assigned by according to the dominant soil tygmaain 1km grid square (Table
4.2).

For the dwarf shrutheath habitat nitrogen losses through fire are additionally included in the
calculation of CLminN, in accordance with the Mapping Ma(@BRTAP, 20135eparate values are
applied to areas of wet and dry heathland. T valuefor dry heaths is 1&g N ha year! based

on work by Power et al (2d@) and Terry et al (2004).h& Nsr value for wet heaths is 4.5 kg N*ha
year! based on data by Allen (1964) which showed that for a blanket peat in the Pennines 45 kg N
ha'year?! could be lost in &ingle burn. The burn frequency in the Pennines varies fr@@ years;
assuming an average burn frequency of 10 years results in the figure of 4.5 Kg/dbira
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Table 4.1: Summary of nitrogen uptake values applied to different habitats.

Habitat

N uptake

(kg N hat year?)

Comment

Managed coniferous woodland 2.94 See section 3.4.6

Managed broadleaved woodland 5.88

Unmanaged woodland 0

Calcareous grassland 10 Value assigned prior to 2003 and there
remains some concern that this value is too
high

Acid grassland 1.14 Based on data from Frissel (1978)

Dwarf shrub heath 0.5 The literature (Perkins, 1978; Rawes & Heal

1978; Reynolds et al, 1987; Batey, 1982;
Gordon et al, 2001) suggests a value for dwg
shrub heath in the range 0-5.0 kg N ha year
- a value of 0.5 has been applied. The sam
value is appropriate for bog and montane
habitats (Reynolds, Woodin, pers.comm)

4.4 Maximum critical load of nitrogen: CLmaxN

CLmaxN is calculated as:

CLmaxN = CLminN + CLmaxS
Therefore any changes the inputs to CLminN and CLmaxS will lead to changes in CLmaxN.
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Table 4.2 Estimates of longerm nitrogen immobilisation and denitrification by soil type.

Soil codé | Soil description N immobilisation Denitrification
kg N hat year?! kg N ha! year?!
1 Terrestrial raw soll 3 1
1.1 Raw sands 1 1
2 Raw gley soils 1 1
2.2 Unripened gley soils 1 4
3 Lithomorphic soils 1 1
3.1 Rankers 1 1
3.2 Sand rankers 1 1
3.4 Rendzinas 1 1
3.6 Sand parendzinas 1 1
3.7 Rendzindike alluvial soils 1 1
4 Pelosols 1 2
4.1 Calcareous pelosols 1 2
4.2 Non-calcareous pelosols 1 2
4.3 Argillic pelosols 1 2
5 Brown soils 1 1
5.1 Brown calcareous earths 1 1
5.2 Brown calcareous sands 1 1
5.3 Brown calcareous alluvial soil 1 1
5.4 Brown earths 1 1
5.5 Brown sands 1 1
5.6 Brown alluvial soils 1 1
5.7 Argillic brown earths 1 1
5.8 Paleoargillic brown earths 1 1
6 Podzolic soils 3 1
6.1 Brown podzolic soils 3 1
6.3 Podzols 3 1
6.4 Gley podzols 3 1
6.5 Stagnopodzols 3 1
7 Surface water gley soils 1 4
7.1 Stagnogley soils 1 4
7.2 Stagnohumic gley soils 3 4
8 Groundwater gley soils 1 4
8.1 Alluvial gley soils 1 4
8.2 Sandy gley soils 1 4
8.3 Cambic gley soils 1 4
8.4 Argillic gley soils 1 4
8.5 Humicalluvial gley soils 1 4
8.6 Humicsandygley soils 1 4
8.7 Humic gley soils 1 4
9 Man-made soils 1 1
9.2 Disturbed soils 1 1
10 Peat soils 3 1
10.1 Raw peat soils 3 1
10.2 Earthy peat soils 3 1

“Based on the NSRI classification of soils for England and Wales
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5. Critical loads of aciditjor freshwaters

5.1 Introduction

Surface waters begin to acidify whenetldeposition of acidity exceedthe buffering provided by

base cations in catchment sqileesulting in ruroff water becoming more aci@with a lower acid
neutralising capacity)and containing more aluminium ions which may be toxic in high
concentrations to some aquatic fauna. The waters most sensitive to acidification are those receiving
high rainfall (and hence higher amounts of acid deposition) and where watelgcated inareas
draining peat or acid soils overlying rocks with low weathering rates.

Since 1994cidity critical loads for UK freshwaters have been calculated tisengatchmentbased
FirstOrder Acidity Balance (FABenriksen & Posch, 20pinodel. Te keyadvantage of the FAB
model is that it can be used to derive a stealgte mass balance for nitrogen, taking account of
several key nitrogen processes in catchments, such as denitrification, nitrogen immobilisation,
nitrogen removain harvested vegetatiofiie, forestry) and nitrogen retention in lakes. Hence FAB
allows acidity critical loads to be determined to take account of the impacts from both sulphur and
nitrogen deposition. Updates to the inputs and parameterisation of FAB have been made over the
last two decades; this section focuses on the current formulation and inputs to FAB in the UK.

5.2 Mapping dataset

FAB is currently applied to 1752 sites across the dulhmarised in Table 5.1 below. The sites
comprisea mixture of mainly upland, firgirder streams(ie, streams that feed into other larger
streams, but do not have any other streams draining into thdakes and some reservoifBigure

2.4c & 2.4d) There are no plans to extend the dataset to other sites. The critical load calculations
are based on the most recent, best available estimate of annual mean water chemistry data.

Table 5.1: Summary of freshwater sites by type and country

Country Number of sites: Totals
Streams Lakes Atrtificial

England 95 178 152 425

Wales 139 159 46 344

Scotland 109 699 48 856

Northern Ireland 52 65 10 127

UK 395 1101 256 1752

5.3 Seasalts screening

The calculation of critical loads using the FAB model can result in ambiguous results for waters with
low concentration®f nonmarine (ie, seasaltorrected) base cationgnainly in northern and north

west Scotland. Such sites may genuinely be acid, but the FAB model cannot distinguish between
sources 6 acidification (ie, anthropogenideposition versus natural seasalt inputs). Therefore to
maintain the rigour of data screening and quality assurance all sites withmasine base cation
concentrations <20 peq f were removed from the mapping data set. Note that it cannot be said
with confidence that these sites are not impacted by anthropoganid deposition.
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54 Nested catchments

The amalgamation of various datasets in certain regions led to the occurrence of a number of nested
catchments in the mapping dataset. This means the catchment area could be -doulled if

each catchment wereeported separately in the exceedance calculations. In 2004 there were 118

sites with one or more suD I G OKYSYy GaT Al 6l a GKSNBZANB dHES QHRSEF
catchment area for each site to avoid any doubtainting of habitat area in excdance

calculations. A further 30 sites have been added to the mapping dataset since 2004 (making the

total 1752 sites); these are mainly small catchments and have not been screened for the presence of
sub-catchments.

55 The chemical criterioPANG;i;

The critical chemical criterion used to indicate the threshold for damage, and determine the critical
loads for freshwaters, is ANC (Acid Neutralising Capacity). Studies linking ANC to biological damage
have been carried out in Norway, where hundreds otfakave been surveyed for fish population

data and water chemistry. These surveys provided data for a widely usedrekmanse function

linking ANC to the probability of damage to brown trout populations (Lien et al, 1992; 1996), where
damage is definedhs a reduction in fish populations. Since brown trout is a widespread and
economically important species in UK freshwatdrprovides an ideal indicat@pecies for national

critical load applications.

In Norway and many other countries in Eurdpe critical ANC (ie, ANg concentration selected
for critical loads applications is 20 pety tepresenting a 10% probability of damage to brown trout
populations. In the UK, a stakeholder workshop was held in 2004 to review the threshold(s) lyo app
in the critical load calculations for UK freshwaters (Curtis & Simpson, 2004). It was agreed that an
ANG;; value of 20 peqgishould be applied to all sitesith the exception of sites meeting any of the
conditions below, where ANf=0 peq !t is more appropriate and should be used:

1 Palaeolimnological reconstruction of pH in 1850 equates to an ANC value pée2o

1 MAGIC model hindcasts indicate an ANC in 1850 ofieg0".

1 FAB model critical loads calculated using &ANC20peq [* returns a zero value, suggesting

that the preindustrial ANC value was never this low.

5.6  Application of FAB to UK freshwaters

The FAB model is a catchmdydsed model for calculating critical loads of sulphur and nitrogen
(CLmaxS, CLminN, CLmaxN) takito account the sources and sinks of sulphur and nitrogen within
the lake (for a lake site) and its terrestrial catchment. The lake and catchment are assumed small
enough to be properly characterised by average soil andater properties (Henrikse& Posch,

2001). The currentversion of FAB takes account of direct deposition to the lake surface, whereas
the previous version (Posch et al, 1997) assumed that all deposited nitrogen had to first pass
through the terrestrial catchment before reachingface waters.

In Henriksen & Posch (2001) three possible scenarios of nitrogen deposition and leaching are
envisaged:
(@ No terrestrial N leaching: & < (Nmm + Nien)
(i) Terrestrial N leaching except from forested areas:
(Nmm + Njen)<Niep<(Nmm + Nien + Nlpt)
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(iii) Terrestrial N leaching from all areasieN> (Nmm + Nien + Nipt)
[Naep = Ndeposition; Nnm = Nimmobilisation; Nen = denitrification; Np: = Nuptake]

Note that the nitrogen sink terms above (el Nien) are equivalent to those used for testial
ecosystems (Section 4.3) and the net nitrogen uptake:)(Nises the same termas those for
managed coniferous and broadleaved woodlands (Section 3.4.6).

Case (iilpbovemay underutilize the potential sink for nitrogen in forests by assuming ttheonly
nitrogen input to forested areas is via direct deposition. However, if nitrate leaching occurs from
moorland areas (within a catchment) that are upslope of forested areas, there may be further scope
for uptake of nitrogen beyond that which is éatly deposited. Therefore this formulation provides
I aog2NARG OFasSé yYyAUGNIGS f St OFRdr idUKagpkestionhAFAB We2 NJ T 2
have modified the published equations to assume that the terrestrial nitrogen sihkding forest
upd F 1 ST A& | @SNIF ISR 2@GSNJ GKS K2t S {O%NEEa GyNRiFNT G
leaching scenario for forested catchments, it is more consistent with the approach také&mifoF
modelling soibased siks for nitrogen, where the wholeatcthment values for nitrogen
immobilisation and denitrification are the catchmeweighted means for all soil typedJnder this
assumption there are only two possible scenarios for nitrogen deposition and leaching:

1 No terrestrial nitrate leaching (Ndep <=n@hN)

9 Terrestrial nitrate leaching occurs (Ndep > CLminN)
For stream catchments where direct deposition to the water surface is negligible, the equations
remain the same as the previous formulation (Posch et al, 1997). The equations currentlyirin use
the UKare summarised in Box 2.

5.6.1 Forest N uptake data

The removal of nitrogen by harvesting of trees provides a potential sink for nitrogen within
catchments containing areas of managed (productive) woodland. The FAB calculations include the
net removal of biomass from the catchment ). The area of managed coniferous and/or
broadleaved woodland within each site catchment has been calculated from the habitat maps
described in Section 2.6.1. FAB uses the same nitrogen uptake values as appgiedSMB for
managed woodlands (Table 3.3): 5.88 kg N year! for managed broadleaved woodland, and 2.94

kg N ha year! for managed coniferous woodland.

5.6.2 Denitrification data

The UK parameterisation of FAB uses the default denitrificatidues by soil type given in Table 4.2.
Work under the Defra Freshwater Umbrella (Curtis et al, 2006) suggests that these default values are
much more appropriate than the method in the UNECE Mapping Manual (UBA, 1996; CLRTAP, 2013)
of assuming between 26 and 80% denitrification determined by the percentage cover of peat soils.
The assumption of very high denitrification rates in peat soils disguises the fact that most retained
nitrogen in mass balance models is probably immobilised in soils rather déaitrified. Even
assuming that over the longer term, N immobilisation may decline as soils become N saturated,
experimental testing of potential denitrification rates in the field and laboratory under excess nitrate
availability showed denitrificationukes much closer to the empirical values of Table 4.2 than the
10-80% fluxes suggested by the Mapping Manual (Curtis et al, 2006).
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5.6.3 Longterm nitrogen immobilisation

Results from the first Freshwaters Umbrella contract (Curtis, 2001; Curtis 20@@sstigat current

rates of Nnm are much higher than the lonagrm default values provided in the UNECE Mapping
Manual (UBA, 1996). This phenomenon is well known (and stated in the Mapping Manual) and
presents a key problem for parameterisation of massbe¢ models for N. The major uncertainty is
related to the process of N saturation and the capacity of a catchment to assimilate N through time
until increased N leaching occurs, i.e. what is the sustainable rate of N immobilisation under
enhanced N depasbn? This question is particularly difficult to address because of the complex
dynamics of N, links to the carbon cycle, and the potentially long timescales involved, superimposed
on a situation of ecological and climatic change. The process is notffietesily well understood

to allow adaptation of steadgtate models, so default values based on soil type (Table 4.2) continue
to be used.
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Box 2:
Firstorder Acidity Balance (FAB) model

Charge balance frofhosclet al (1997):
Ndep+ Siep: {rNupt + (]:I’) (Nimm + Nden) + rq\'ret'l' Sl‘et)} +ANeach

Where:

Naep+ Siep = atmospheric inputs of total nitrogen and sulphur deposition

Nypt = net growth uptake of N by forest vegetation (removed by harvesting)
Nirm =long term immobilisation of N in catchment soils

Ngen = N lost throughdenitrificationin catchment soils

Niet = inlake retention of N

Set = inlake retention of S

ANcach = acid anion leaching from catchment

f = fraction forested area in the catchment

r =lake:catchmentatio

Allunits are expressed in gquivalents (rpoles of charge) per unit area and time. eBdees
GAYy GSNY I fpiocedded)idhésyt&ngsirial and iake processes which operate on acid
anion inputs to control the net exportin catchment runoff.

The acid anion balance of the FAB model can provide the critical leaching rate of acid anion
(criticalANgaen=Leit) Which will depress ANC below the-pedected critical valu&NG,;) as in the
SSWC moddfienrikseret al,1992).

The critical loads function (CLF) calculatidosstream catchments using fixedkenitrification
term (Curtis et al, 2006):

CLmaxS =Lt
CLminN =FNypr+ Nimm + Naen
CLmaxN =CLminN-CLmaxS

The critical loads function (CL&glculations for lake catchment$ienriksen& Posch, 200Lusing
a fixeddenitrification term (Curtis et al, 2006):

CLminN =fNypt+ (E1) (Nimm+ Ngep)
The calculations @ZLmax&ndCLmaxNire dependent on the deposition load relativ€taminN

Case 1N;,<=CLminNno terrestrial nitrate leaching)

CLmax$S =l (1-7 9

CLmaxN =Leilr(1- " N)

Case 2Ny ,> CLminNterrestrial nitrate leaching occurs)
CLmaxS =l (1-79)

CLmaxN = (L r(1- ")) +CLmMInN

Where:

g = inlake retention fraction for S

‘N = inlake retention fraction for N
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5.6.4 In-lake retention component

It has been suggested by critics of the FAB model that the default-treasser coefficients
employed in FAB, derived from studies in large Canadian lakes, may be inappropriate for UK
conditions, and could underestimate net-lake retention. Howeverthere is no evidence from
existing data to suggest that-lake retention of &nd N is being undegstimated in the model, and

if anything it may actually be ovestimated. Monthly measurements of water chemistry in upland
lake inflows and outflows over 2 years under a previous DoE contract (CLAG) indicated very little
differencein concentrations of nitrate or sulphate from the inflow to the outflow, except for a time

lag related to lake retention tim@-igure 5.1; Curtis & Simpson, 200R)jorwegian studies (Berget

al.,, 1997) have also found negligiblelike retention in acigensitive upland lakes. It may be true

that in-lake retention can be significant in eutrophic lowland lakes but there is little to suggest this is
a major sink for acidity in oligotrophic, aesdnsitive upland lakes in the UK. It is true that FAB
ignoresdenitrification in rivers, but no major rivers are included in the UK freshwaters mapping
dataset- sites are either standing waters or low order streams. Denitrification from streams is not
guantified but there is no evidence that this is a major sinkNoin the loworder, acidsensitive
upland streams which show critical load exceedance.

Lake outflow

0 10 20 30 40

Major inflow

Figure 5.1: Comparison of mean nitrate concentrations (®qirl lake outflow and major inflow streams
(CLAG Nitrogen Network sites; Curtis & Simpson, 2007).
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6. Critical loads of nutrient nitrogen for terrestrial habitats

6.1 Introduction

Nitrogen is the main soil derived nutrient and plays a major role in plant and ecological processes.
Through industrial and agricultural activity, humans have significantheased the conversion of

inert N into reactive chemical forms of nitrogen. These compounds may all be assimilated by plants
and soils and contribute to their nitrogen demand. As increasing amounts of pollutant nitrogen
become availabld Jt | yia FyR a2Afa &dzZFFTSNI TNRBY |y SEOS&argd
amount of nitrogen required varies widely for different systems and thissgiise to the range of
critical loads for habitats within the UK. While agricultural cropsuatiely to be directly affected

by typical rates of nitrogen deposition, many natural and seatural ecological communities are
more sensitive because nitrogen is the main limiting nutriefthese systems, such as heaths,
moors, bogs and grasslandeaadapted to low nutrient supply and the plants survive and compete
successfully in these impoverished conditions.

The ultimate consequence of an excessive nitrogen supply to nufpi@oit communities is a shift in

the composition of the community so thaitrogensensitive plants are lost and an overall reduction

is seen in biodiversity. There is strong evidence that nitrogen deposition has significantly reduced

the species richness in a range of habitats of high conservation value over large areasUi t

(ROTAP, 2012)The mechanisms through which nitrogen causes these changes are many, owing to

the different N pollutant forms deposited, the contrasting plant receptors and the diverse range of

processes in which nitrogen is involvethe potentiakffects of nitrogen are summarised below.

() Direct toxic effects of nitrogen pollutants on above ground parts of plants resulting in poor
growth and performance

(i) Accumulation of nitrogen compounds in soil and subsequent increase in their availability to
plants causing change in plant community composition

(iii) Increased susceptibility of plants to secondary stress and disturbance factors such as frost,
drought, pathogens and herbivores.

(iv) Increased leaching of nitrogen from soils into waters with consequencestregins water
chemistry and aquatic biota

(v) Acidification of soils leading to nutrient imbalance and changes in plant community composition

This wide range of possible impacts means that different types of critical load may be appropriate

for use, dependingmthe impacts of concerr: KS / [ w¢! t dal LIJAY3I al ydz f ¢

2013)recommend two main approaches faalculating critical loads for nutrient nitrogen:

1 The steag state mass balance approacle¢gon 6.3) in which the lonterm inputs and outpts
of nitrogen from the system are calculated, with the critical load being exceeded when any
excess nitrogen input is calculated to lead to exceedance of a critical rate of nitrogen leaching.
The mass balance approach is better suited to managed gensy®f low biodiversity, in which
inputs and outputs can be quantified with some confidence and in which the key concern is
nitrate leaching. In the UK, this approach is appliednanaged (productive) woodlands
ensure the longerm ecosystem functior{eg, soils, soil biological resources, trees and linked
aguatic ecosystems) is protected.

1 The empirical approacl{Section 6.2) in which critical loads are estimated, rather than
calculated, for different ecosystems based on experimental or field ev@eh thresholds for

45



changesin species composition, plant vitality or soil processes. The empirical approach is better
suited to seminatural communities for which the loAgrm protection of biodiversity and/or
ecosystem function is the key concern. eTUK applies the empirical approach to natural and
seminatural habitats, including unmanaged (nproductive) woodland.

6.2 Empirical critical loads of nutrient nitrogen

6.2.1 Introduction

Empirical critical loads of nutrient nitrogen were last updated for UK habitagdii (Hall et al,
2011 following the CLRTAP workshop hetd Noordwijkerhout (NL)n June 2010 (Bobbink &
Hettelingh, 2011). The aim of this workshop waseview and reise the ranges of empirical critical
loads of nitrogen for natural and sematural ecosystems, on the basis of additional scientific
information available for the period from late 2002 to 2010. A number of UKrexparticipated in
this andprevious worlshos (Achermann & Babink, 2003; Bobbink et al, 199Bobbink et al1992).

The critical loads from these workshops are presented as ranges rather than single values for each
ecosystem. This range indicates the variation in sensitivity within a plarti@cosystem, for
example, because of differences in nutrient status or management etc. It is left to individual
countries to decide where within these ranges the critical loads should be set for the purposes of
national mapping; these values are referie®2 Ay (KA & R20dzyYSyid ¥F2NJ G4KS
Environmental factors, for example, precipitation, base cation availability, or management, may
influence where within a range the critical load should be set for some habitats. The decision of
whether (and how) to apply these modifying factors is also left up to individual countfi#s.
experts agreed not to apply modifying factors in natiesedle applications, with the exception of a
precipitation modifier for the bog habitat (Section 6.88.but noted the use of such modifiers for
site-specific applications could be very important. Some -gitecific applications may use a
different part of the critical load range, depending on the site and policy context, compared to the
values given in thiseport for national mapping. Assessment of site management practices is also
not possible in a national context.

The mapping values for each habitate based on the followingeneral principlegHall et al, 2011)
also used in 200 all et al, 2003)

T C2NJ §K2a8 ONRGAOIE f21QRa oFaSR 2y GSELISNI 2dzR

unless there was specific evidence of relevance to the UK and to a significant UK plant
community.

1 When there was no specific UK evidence to suggest otherwise, thdlenid the range was
recommended for UK mapping.

1 UK mapping values, which were not in the middle of the range were recommended where field
or experimental evidence from the UK specificallggested that the midange value was not
appropriate.

1 Values othe than the midrange were in some cases recommended where knowledge of UK
ecosystems suggests they were more or less sensitive than the median for this ecosystem across
Europe.

Where no new evidence had become available for a particular habitat, the pe(2®03) mapping

value was retained.
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In addition to the UK and European evidence presented at the Noordwijkerhout workshop in June

2010, UK evidence collated under contract to JNCC and partners (Emmett etlalSg&dens et al,

2011) wasused in reviewng the UK mapping values for four habitats: acid grassland, calcareous
grassland, heathland and bogs. The JNCC Project had two objectives:

() Analysis of broad scale datasets to generate nitrogen response curves for species and summary
response variabkefor habitat function indices, such as Ellenberg N.

(ii) Interpretation of (i) and other resednc(eg, summarised in RoTAP, 2D12 respect of the

AYLIE AOFGA2ya FT2N) aO2yaSNBIGAZ2Y LRfAOe O2YYAGYSy

6.2.2 Results of the Nordwijkerhout workshop and UK mapping values

Critical loads of nitrogeriBobbink & Hettelingh, 2011gre assignedo habitats of the European

Nature Information System (EUBIhttp://eunis.eea.europa.eu) habitat classification. This is a
hierarchical classification that can be translated into other habitat classification systems, using tools
such as the National Biodiversity Network (NBN) habitats dictiofiy://ha bitats.nbn.org.uk), or

for the UK, using a spreadsheet created by JNCC (based on the NBN dictionary) and downloadable
from their website [ttp://www.jncc.gov.uk/default.aspx?page=14p5

The Noordwijkerhout workshop report (Bobbink & Hettelingh, 2011) provides ranges of nitrogen
critical loads for 47 different EUNIS habitat classeduding anumber ofdifferent woodland types

This report focuses on (a) the habitats mapped nationallyritical loads research in the UK, and (b)
additional habitat types of conservation interest in the UK, but not mapped nationally due to a lack
of appropriate data. Table 61 presentsthe critical load ranges for the habitats currently mapped
nationallyand includes the agreed UK mapping values; the evidence and rationale for the mapping
values is given in the sections that followTable 62 gives the critical load ranges feensitive
habitats not mapped nationallyout of high conservation value in théK and for which critical loads

are availableplease refer to Part Ill of this report for further information on applying critical loads to
features of designated sitesThecritical loads given in Tables 6.1 an@ efer to natural and semi
natural ecsystems; mass balancecritical loadsare calculatedfor UK managed (productive)
coniferous woodland and managed (productive) broadleaveddiand(Section 6.3
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Table 6.1. Critical loads of nutrient nitrogen for habitats currently peajpnationally in the UK.

Habitat type EUNIS code Critical load UK Mapping Value Indication of exceedance
range (kg N hat year?)
(kg N ha year?)

Marine habitats

Mid-upper saltmarshes A2.53 20-30 (#) 25 Increase in dominance of graminoids

Pioneer & low saltmarshes A2.54/55 20-30 (#) 25 Increase in latesuccessional species, increase
productivity

Coastal habitats

Coastal stable dune grasslands B1.#4 8-15 # 9 acid dunes Increase tall graminoids, decrease in prostrg

12 nonacid dunes plants, increased N leaching, soil acidification, |

of typical lichen species.

Mire, bog & fen habitats

Raised & blanket bogs DI 5-10 ## 8,9,10 depending Increase in vascular plants, altered growth

on rainfall species composition of bryophytesicreased N in

peat and peat water.

Grasslands & tall forb habitats

Semidry calcareous grassland E1.26 15-25## 15 Increase in tall grasses, decline in divers
increased mineralization, N leaching; surfg
acidification.

Dry acid and neutral closed grassland EL17 10-15 ## 10 Increase in graminoids, decline in typical spec
decrease in total species richness.

Juncusneadows &Nardus stricteswards E3.52 1020 # 15 Increase intall graminoids, decreased diversit
decrease in bryophytes.

Moss & lichen dominated mountain summits | E4.2 510 # 7 Effects upon bryophytes and/or lichens.
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Habitat type EUNIS code Critical load UK Mapping Value Indication of exceedance

range (kg N hat year?)
(kg N hat year?)

Heathland habitats

Northern wet heaths:

1 Callunadominated (upland) F4.1p4 1020 # 10 Decreased heather dominance, decline in lichg
and mosses, increase N leaching.
| Erica tetralibxdominated (lowland) F4.1pd 10-20 (#) 10 Transition from heather to grass dominance.

Dry heaths F4.24 10-20 ## 10 Transition from heather to grass dominang
decline in lichens, changes in plant biochemis
increased sensitivity to abiotic stress.

Forest habitats

Beech woodland Gl.6 10-20 (#) 15 Changes in ground vegetation & mycorrhi;
nutrient imbalance, changes in soil fauna.

Acidophilous oaldominated woodland G1.8 1015 (#) 10 Decrease in mycorrhiza, loss of epiphytic lichg
and bryophytes, changes ground vegetation.

ScotsPine woodland G3.4 5-15# 12 Changes in ground vegetation & mycorrhi;

nutrient imbalances, increased -8 & NO
emissions.
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Habitat type EUNIS code Critical load UK Mapping Value Indication of exceedance
range (kg N hat year?)
(kg N hat year?)

Foresthabitats overall
All forests: ground flora G See G1 & G3 Changed species composition, increase
nitrophilous species, increased susceptibility
parasites.

Broadleaved woodland Gl 10-20 ## See G4 below Changes in soil processes, nutrient imbalan
altered composition of mycorrhiza & groun
vegetation.
Coniferous woodland G3 5-15 ## See G4 below Changes in soil processes, nutrient imbalan
altered composition of mycorrhiza & grour
vegetation.

Mixed woodland G4 12 This is the mapping value used in 2003 for
unmanaged woodland (see G). This is within
ranges for G1 & G3 and is applied to all unmana|
woodland in the UK not included in G1.6, G1.8
G3.4 (see section 6.2.3.11)

Reliability scores assigned at Noigkdrhout workshop in 2010 (Bobbink & Hettelingh, 2011):

## reliable: when a number of published papers of various studies showed comparable results.
# quite reliable: when the results of some studies were comparable.
# expert judgement: when no empiritdata were available for the ecosystem; critical load based upon expert judgement and knowledge of ecosystems which were

likely to be comparable with this ecosystem.

Footnotes (Bobbink & Hettelingh, 2011):

2 For acidic dunes, the-80 kg N ha year? range should be applied; for calcareous dunes thed3®g N ha year* rangeshould be applied.

® Apply the high end of the range to areas with high levels of precipitation and the low end of the range to inelaswievels of precipitationapply tre low end of the
range to systems with a low water table, and the high end of the range to systems with a high water table. Note thatblegseran be modified by management.

¢ Apply the lower end of the range to habitats with low base availability, the higher end of the range to those with high base availability.

4 Apply the high end of the range to areas where sod cutting has been practiced; apply the lower end of the range to ateasintéhsity management.
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Table 6.2. Critical loads of tnient nitrogen for habitats not mapped nationally, but of high conservation value (taken from Bobbink & Hettelingh, r2®drljo Part Il of
this report for further information on applying critical loads to habitat features of sites of high conservatioe.

Habitat type

EUNIS code

Critical load
range

(kg N hat year?)

Indication of exceedance

Coastal habitats

Shifting coastal dunes B1.3 10-20 (#) Biomass increas@creased N leaching.

Coastal dune heaths B1.5 10-20 (#) Increase in plant production, increased N leaching, accelerated succes

Moist to wet dune slacks B1.8 10-20 (#) Increased biomass of tall graminoids.

Inland surface water habitats

Softwater lakes (permanermigotrophic Cl.t 3-10 ## Changes in species composition of macrophyte communities, incre

waters) algal productivity and a shift in nutrient limitation of phytoplankton from
to P.

Permanent dystrophic lakes, pongmols. Cc14 3-10 (#) Increased algal productivity and a shift in nutrient limioati of
phytoplankton from N to P.

Mire, bog & fen habitats

Valley mires, poor fens & transition mires D2 1015 # Increase in sedges & vascular plants, negative effects on bryophytes.

Rich fens D4.1 1530 (#) Increase intall graminoids, decrease in bryophytes.

Montane rich fens D4.2 1525 (#) Increase in vascular plants, decrease in bryophytes.

Grasslands & tall forb habitats

Inland dune pioneer grassland E1.94 8-15 (#) Decrease in lichens, increase in biomass.

Inland dune siliceous grassland E1.95 8-15 (#) Decrease in licheng)crease in biomass, increased succession.

Low & medium altitude hay meadows E2.2 20-30 (%) Increase in tall grasses, decrease in diversity.

Mountain hay meadows E2.3 10-20 (#) Increase in nitrophilous graminoids, changes in diversity.

Molinia caguleameadows E3.51 1525 (#) Increase in tall graminoids, decreased diversity, decreased bryophytes.

Alpine & subalpine acid grassland E4.3 510 # Changes in species compositiam;riease in plant production.

Alpine & subalpine calcareous grassland E4.4 5-10 # Changes in species composition, increase in plant production.
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Habitat type EUNIS code | Critical load Indication of exceedance
range
(kg N hat year?)

Heathland, scrub & tundra habitats

Arctic, alpine & subalpine scrifabitats F2 5-15 # Decline in lichens, bryophytes & evergreen shrubs.

Forest habitats

Meso- & eutrophic oak woodland G1.A 1520 (#) Changes in ground vegetation.

Reliability scores assigned at Noordijkerhout workshop in 2010 (Bobbink & Hettelihigh);

# reliable: when a number of published papers of various studies showed comparable results.

# quite reliable: when the results of some studies were comparable.

# expert judgement: when no empirical data were available for the ecosystem; ctitahbased upon expert judgement and knowledge of ecosystems which were

likely to be comparable with this ecosystem.

Footnotes (Bobbink & Hettelingh, 2011):

aFor acidic dunes, the-80 kg N ha year! range should be applied; for calcareous dunes thad &g N ha year! rangeshould be applied.

® Apply the high end of the range to areas with high levels of precipitation and the low end of the range to ihelaswlevels of precipitationapply the low end of the
range to systems with a low waterhibe, and the high end of the range to systems with a high water table. Note that water tables can be modified by management.
¢ Apply the lower end of the range to habitats with low base availability, and the higher end of the range to those witadeigivdilability.

4 Apply the high end of the range to areas where sod cutting has been practiced; apply the lower end of ¢ ramegs with lowntensity management.

€ This critical load should only be applied to oligotrophic waters with low alkalinity with no significant agricultural ohothan inputs. Apply the lower end of the range
to boreal, subArctic and alpine dystiphic lakes, and the higher end of the range to Atlantic soft watBee Curtis & Simpson (2011) for discussion on this issue.
fThis critical load should only be applied to waters with low alkalinity with no significant agricultural or other direct nputs. Apply the lower end of the range to
boreal, subArctic and alpine dystrophic lakes.

9For EUNIS category D2.1 (valleyes) use the lower end of the range (#).
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6.2.3 Evidence for setting UK mapping values

This section provides the rationale and evidence to support the UK mapping values for empirical

nitrogen critical loads for each habitat mappedtionally. Field e/iidence of the impacts of nitrogen

deposition provides important support for the significance of exceedance of nitrogen critical loads.

However, the lack of such evidence does not invalidate the critical loads because:

1 The study desigmay not be adequatt detect the effects of nitrogen deposition.

1 The longterm nature of responses to deposited nitrogen means that adverse effects may occur
at some point in the future.

1 Local modifying factors may reduce the impacts of nitrogen dejpos#t a specific location.

Three types of field evidence exist:

0] Evidence of changes in species composition, growth or vitality through time. Key issues in
the interpretation of such evidence are the continuity in location of the plots, the
measurement methods, and the role of other factors such as site management, in causing
the observed change.

(i) Evidence of spatial associations between nitrogen deposition and species composition and
other responses. A key issue in the interpretation of such evidentéevihe confounding
effects of factors such as climate. The strongest evidence of edfes# relationships from
spatial associations will be close to point sources of pollution. For example, Pétaitn
(1998) reported a gradient study of grounkbrt composition in an acid woodland away
from an intensive livestock unit and found a greater frequency of nitrophilic species above
an estimateddeposition rate of 120kg hat yr?.

(iii) Evidence that the nitrogen content of foliage has increased over time in areas with high
levels of nitrogen deposition. There is evidence of increases in the nitrogen content of
mosses and heather in many areas of the UK over the last few decades, svhatsistent
with a cumulative effect of nitrogen deposition (e.g. Pitcatmal, 1995).

6.2.3.1 Saltmarshes (EUNIS classes A2.53/4/5)

Critical loads for saltmarshesere not mapped for the UKprior to 2011 despite there being a
critical load rangeand mapping of the habitat possible. Part of the reason for this was that the
critical load range was so high (80 kg N hal yearl) that there would be very limited, if any,
exceedance around the UK. Another reason was the lack of UK studies toacateobontinental
research.

However, in the 2010 revisions at Noordwijkerhout (Bobbink & Hettelingh, 2011), it was proposed to
reduce the critical load range to ZD kg N ha year!, based on the following evidence. It is
generally accepted thataltmarsh vegetation is primarily N limited (Mitsch and Gosselink 2000) and
N limitation has been demonstrated in European saltmarshes at the island of Schiermonnikoog in
the Netherlands (Kiehl et al. 1997) and in Norfolk, UK (Jefferies and Perkins A9@i@vious
experiment in the Netherlands used high deposition rates (50 and 100 kg!Neaa'), but saw
effects of increased biomass in the first growing season, repeated each year for the three years of
the experiment, on the young saltmarsh (Van Wiijr& Bakker, 1999), and accelerated succession of
the plant communities towards older stages. More recently, repeat vegetation survey analysis
showed significant correlations with N deposition and vegetation change (de, ripsiblished

data) in a barriersland saltmarsh in the NetherlandBy extrapolation to these continental systems,
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it can be assumed that UK saltmarshes will behave in a similar manner, although field experiments
are still needed in the UK at lower N deposition rates to verify pngposed range. Therefore it wa
proposed that UK saltmarshes are assigned a mapping value of thpainidof the range: 25 kg N
ha'year.

6.2.3.2 Dune grassland (EUNIS class B1.4)
Qritical loads for dune grasslandse based on the recommendations frothe Noordwijkerhout
meeting (Bobbink & Hettelingh, 2011) and the evidence below.

Research by Remke et al. (2009a) in Baltic dunes showed chan@ksiamia portentosaéissue N
content, soil acidification, and greater mineralisation rates in acidic dyseems above 5 kg N ha

year! wet deposition. These changes were associated with greater cov&améx arenarian acidic

dunes, but no clear changes in soil properties or species composition in calcareous dunes in the
same deposition range (Remke @t 2009b). As dry deposition in the Baltic is relatively low this
probably relates to ~ 8 kg N hgear?! total N deposition. This was proposed to be the new lower

end of the critical load range at Noordwijkerhout.

UK research by Plassmann et @009) in a nitrogenmanipulation experiment on fixed dune
grassland at Newborough Warmren north Wales showed significantly increased N pools in moss in

the low N treatment of 7.5 kg N Hayear® on top of a background of 1§12 kg N ha year! .

The® changes occurred despite P-lonitation and heavy grazing, both previously considered as
factors likely to minimise adverse effects of Mowever, no effects on species composition were
observed. More recent work in the UK on the same experiment Ha@an roughly linear increases

in leaching fluxes with N additions above the background (Laurence Jones, CEH, unpublished data,
Figure 6.1). Therefore adverse effects on N leaching and N storage have been observed somewhere
within the deposition range 1219 kg N hayear?.

A recent survey in the UK and four other European countries eraftéfied dune grasslands showed
adverse effects on plant species richness occurring somewhere between 5 and 10 KgyéaHa
(unpublished data, Fige 6.2). However, there is insufficient evidence to define precisely the
minimum load at which damage might occur and hence for the UK situation we have applied values
at the midpoint of the ranges for acidic and calcareous grassland.
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N leaching (kg N/halyr)

Ungrazed Grazed

Figure 6.1. Increased lelsing of inorganic and organic N with N additions (kg N haar') above a
background of 112 kg N h& year! under two grazing regimes on a partially-cacified calcareous fixed
dune grassland at Newborough Warren, N. Wales. (DON = dissolved arifjangjen)

Together this evidence supports the recommendations from Noordwijkerhout for the critical load
range of 8¢ 15 kg N ha year?; and that acidic dunes are more sensitive than calcareous dunes and
the range 8¢ 10 kg N ha year! be applied toacidic dunes, and 1Q 15 kg N ha year® to
calcareous dunesApplying the miepoint of each range for national mapping purposes gives 9 kg N
ha! year! for acidic and 12 kg N Hayear! for calcareous dune grasslandee Figure 2.4a for
mapped area of acid and calcareous dunes in the UK
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Figure 6.2. Species richness inaddcified dune grasslands (NVC SD12), showing greatest species loss occurring
somewhere between 5 and 10 kg N'hgear?.

6.2.3.3 Raised and blanket bogs (EUNIS class D1)

The critical lod range for this habitat 510 kg N ha year!) was not changed at the
Noordwijkerhout workshop (Bobbink & Hettelingh, 201 However, this workshoproposed that

the critical load should be set at the high end of the range in areas of high precipitation and at the
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low end of the range in areas of low precipitation. This is based @xpert judgement from
observations that responses to nitrogen ammaller in wetter areas where bogs receive higher
effective precipitation than those in drier areas (eg, Sweden: Gunnarson 2002).

In 2003 the UK mapping value was set at the upper end of this range (ie, 10 Kgyblaing to take

into account the higheprecipitation in the UK (Hall et al, 2003) compared to other regions of
Europe where much of the evidence for the critical load range originates. Concern was raised at the
November 2010 workshojm the UK(Hall et al, 2011}hat this value may not adeqtely protect

bogs in drier regions of the UK, which could require a lower critical |ddk examination of bog
habitat data (Table 6)3y Stevens et al (2011) and Emmett et al (20didl)not provide sufficient

new UK evidence to recommend lowering thiical load for the bog below the current value of 10

kg N ha year?.

Table 6.3 Extract of Table 2.5 from Emmett et al (2011) showing impacts of N deposition on bog species,
ecosystem function and processes. (This extract only shows the resulsdeposition covering the critical
load range for this habitat).

N deposition | Species distribution | Species distribution | Evidence of change including impacts on
range inhibited” by N strongly inhibited® ecosystem functions and soil processes
(kg N hat deposition as by N deposition as
year?) determined by determined by
Stevens et al (2011) | Stevens et al (2011)
0-5 No evidence of impact on indices of
5-10 Odontoschisma ecological function below 10 kg N-ha
denudatum year! identified in new analyses (Stevens
Anastrophyllum et al, 2011).
minutum

# species distribution inhibited = species occurrence fell by 20% relative to occurrence at the lowest N
deposition levels

# species distribution strongly inhibited = species occurrence fell by 50%vediatoccurrence at the lowest
N deposition levels

However,examining longerm average rainfall data across the geographic range of UK bogs (as
determined by the bog habitat distribution map; see Section 2.6.5, Figure 2.3d) showed their
occurrence from the east of England with average rainfall of ~550 mm per atmtnose in the
north-west with average rainfall above 3000mm per annuihwas concluded that the impacts of
nitrogen to drier areas could have been considered when settingnthpping value for bogs in
2003. [@spite the lack of UKpecific evidence dfigher sensitivity of drier bogs to nitrogen, it was
agreed that a precipitation modifier should be used in setting thapping value for bogs in the
2011 update, althoughc#entific evidence from UK studies shoutill be sought to underpin this
decisian.

The CCE proposed a method for applying a modifying factor for rainfall at the national and/or
European scale (Slootweg et al, 2008, modified and extended), that would take account of the
variability in precipitation across the geographic range ofhelaabitat across Europe (or the EMEP

grid region). The CCE provided cumulative distribution functions (CDFs) of rainfall vs percentage
habitat area across Europe; these providpetcentiles values that can be applied to national scale
rainfall to determne the critical load:
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CLempN = Gl+ fmod * (Cly ¢ Clo)
Where:
Cle = critical load at the lower end of the range
Clyp = critical load at the upper end of the range
fmod = modifying factofrom the CDFKie, percentile value divided by 100 to give valQey

For example, Figuré.3abelow shows the CDF from the CCE fanfall vs the area of bo(D1)

across EuropeTable 6.4 shows selected percentiles from the CDF for bog provided by the CCE, and
corresponding fmod values. The full list of percentddues is used as a loolp table to generate

fmod vaues for each km habitat square for the Ukased on UK rainfall data (annual average 1961
90).

Table 6.4: Lockp table of selected CDF percentiles and fmod values for bog

Rainfall (mm) for bog habitaf Percentiles of percentage bo( fmod (percentile / 100)
across Europe across Europe

380.8 0 0
408.1 1 0.01
416.1 2 0.02
425.0 3 0.03
432.2 4 0.04
437.7 5 0.05
441.1 6 0.06
443.6 7 0.07
445.5 8 0.08
448.0 9 0.09
451.6 10 0.10

This means thaall 1km bog habitat squaresgith UK rainfall <=380.8 mm could hesigned an fmod

value of zero; squares with rainfall >380.8 and <=408.1 mm are assigned an fmod value of 0.01, and

so on for all one hundred-fiercentiles. These fmod values can then beduso calculate the

nitrogen critical loads using the equation abowowever, this method was rejected at the UK

experts workshop (November 2016iall et al, 201}l as it was considered that it implied greater

knowledge of the spatial variability in halitsensitivity to nitrogen tharactuallyexists. This does

not mean that such modifying factors should not be applied (they may be very important fer site

specific applications), but alternative methods of applying them may be needed. In the case of the

precipitation modifier for bog critical loads, the data collated were valuable for informing a simpler

approach for applying rainfall thresholds for setting the mapping values for bogs. The data are

summarised in Figure 6.3 as follows:

9 Figure 6.3a: CDF dita on the percentage area of bog vs annual average rainfall for-d961
across the European region (data from CCE);

9 Figure 6.3b: CDF of the percentage area of the UK bog habitat vs UK annual average rainfall
1961-90.

9 Figure 6.3c: Histogram of the numbefr UK bog habitat squares by rainfall category; this shows
that the majority of bog habitat squares receive an average of AEI®mm rainfall per annum.

9 Figure 6.8: Histogram of the number of UK bog habitat squares by nitrogen critical load
category, basd on spatial values calculated using the equation above; this shows that the
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calculated critical load for the majority of UK bog habitat squares would be above 8.5 kg N ha
yearl. The median critical load for all bog habitats squares using this agpie&:5 kg N ha
year?.

Using the available data it was decided to calculate the rainfall ranges that would give specified
median nitrogen critical load values as shown in Table 6.5, and use this information to apply these
mapping values to areas of gdabitat across the Ufkigure 6.4)

Table 6.5: Ranges of UK average annual rainfall used to determine median nitrogen critical loads for bog
habitats.

Annual averageainfall range Median nitrogen critical load
(mm year?) (kg N hd year?)
548758 8
7591285 9
>1285 10
@ (b)
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Figure 6.3 (a) CDF of percentage of bog (D1) vs annual average rainfalbQdross the European region
(data from CCE); (b) CDF of percentage area of UK bog habitat vs UK annual average rair#iall (t961
Histogram ofthe number of UK bogKin squares vs annual average rainfall (396} categories; (d) Histogm

of the number of UK bogkin squares vs nitrogen critical load calculated by using (a) to derive fmod values
applied to the data in (b).
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B rainfall 548758mm,CLnutNB kg N ha year?!
rainfall 7591285mm,CLnutNd kg N ha year?!
B rainfall >1285mmCLnutNLO kg N ha year?!

Figure 6.4: Threeategories of rainfall and empirical nitrogen mapping values for the UK bog habitat.

6.2.3.4 Calcareous grassland (EUNIS class E1.26)

The critical load range (1% kg N ha year?') for this habitat was not changed at Noordjikerhout
(Bobbink &Hettelingh, 2011). However,ew UK evidence waavailablein 2011to enable the
mapping value for this habitat to be reviewed. Van den Berg et al (2010) analysed permanent
guadrat data from 106 plots (56 sites) on calcareous grasstandture reservescross the Ukhat

were surveyed between 990 and 1993, and compared thenith a resurveyof 48 of the plots (35

sites) carried oubetween 2006 and 2009. Their results provided evidence of a decrease in species
diversity and evenness, a decline in tmedguency of characteristic species, and a lower number of
rare and scarce species, when nitrogen deposition exceeds the critical load rargg kij5N ha

year?).

An extract of Table 2.3 from Emmett dt(@011) is given in Table élow. This shows/the species
inhibited by N deposition and evidence of other impacts on ecosystem functions and soil processes.

The extract only shows the results for N deposition covering the critical load range for this habitat.

Based on the evidence for impacts goesies, on mean Ellenberg N scores and on canopy height
(including impacts at N deposition levels below the minima of the critical load range), Emmett et al
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(2011) proposd a new UK mapping value at the lower end of the range for calcareous grassland (15

kg N hat year') and this has been applied.

Table 6.6: Extract of Table 2.3 from Emmett et al (2011) showing impacts of N deposition on calcareous

grassland species, ecosystem function and processes.

N deposition | Speciedlistribution Species distribution | Evidence of change including impacts or
range inhibited” by N strongly inhibited® ecosystem functions and soil processes
(kg N hat deposition as by N deposition as
year?) determined by determined by
Stevens et al (2011) | Stevens et al (2011)
0-5
5-10 Spiranthes spiralis | Spiranthes spiralis | Reduced presence @&romopsis erecta
Bromopsis erecta Bromopsis erecta below 2003 critical load mapping value
Allium vineale Centaurea scabiosa | (20 kg Nhatyear?) identified in Stevens
Geranium et al (2011) may have important
columbinum implications as it is usually a dominant
Centaurea scabiosa species when present. Changes in
Daucus carota productivity and nutrient cycling may the
follow.
10-15 Species above plus: | Species above plus: | A 20% increase in Ellenberg N at1B)kg
Carex spicata Daucus carota N ha' year! identified in new analyses
Ononis repens Ononis repens (Stevens et al, 2011). Canopy height
Carlinavulgaris Carex spicata increases by 20% at® kg N ha year?
and 50% at 120 kg N ha year?
identified in new analysis of one dataset
(Stevens et al, 2011).
1520 Species above plus: | Species above plus:
Echium vulgare Allium vineale
Rosa micrantha Gemnium
Cynoglossum columbinum
officinale
Cladonia foliacea
Melica nutans
20-25 Species above plus: | Species above plus: | Altered species composition previously
Campanula Carlina vulgaris reported both in Stevens et al (2011) ang
glomerata Echium vulgare ROTAP (2011).

Rosa micrantha Increase in competitive species and plan

Cynoglossum productivity as indicated by increased

officinale canopy height and specific leaf area by

Cladonia foliacea Stevens et al (2011).

Melica nutans Increased Ellerdrg N value with N
deposition indicating shift to more
nutrient-loving species in Stevens et al
(2011). A 20% change at-16 kg N h&
year! and a 50% change at 3® kg N h&
year!in one dataset.

Evidence of further increases in nitrate
leaching, Iss of forb species and overall
plant species richness (RoTAP, 2011).

# species distribution inhibited = species occurrence fell by 20% relative to occurrence at the lowest N
deposition levels

## species distribution strongly inhibited = species occurrefetieby 50% relative to occurrence at the lowest
N deposition levels
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6.2.3.5 Wet and dry acid grassland (EUNIS classes E3.52 & E1.7)

The critical load rangél0-20 kg N ha year?') for wet acid grassland (E3.5&ps not changedt
Noordwijkehout (Bobbink & Hettelingh), but theange for dry acid grassland (E1.7) was reduced
from 10-20 kg N hayear! to 10 to 15 kg N hayear®. The UK mapping value in 2003 was 15 kg N
ha! year! for both wet and dry acid grassland.

Base cation availaity may affect the sensitivity of dry acid grassland to nitrogen and the
Noordwijkerhout workshop (Bobbink & Hettelingh, 2011) recommended the use of the lower end of
the range in areas of low base availability and the higher end of the range in aregghdidse
availability. However, it was agreed at the UK experts mgah November 201CHall et al, 2011)

not to apply a baseationavailability modifier (using @DF of baseationavailallity vs habitat area

in national scke applications, on the dsis that (a) it implies a greater knowledge of the habitat
response spatially than exists; (b) the guidance only applies to dry acid grassland.

New evidence for lowering the UK mapping value for dry acid grassland is provided by Hicks &
Ashmore (2010) o used UK field survey data to examine (a) the relationship between nitrogen
deposition and species richness ratio, and (b) the relationship between critical load exceedance and
species richness ratio, using critical loads at the minimum (10kg*Ndza®) and former maximum

(20kg N ha year!) of the range for E1.7. Regression equations showed a worse fit to the
exceedance data based on the maximum critical load, and a reduction in the number of species
between the minimum and maximum of the critidabd rang. The regression (Figure pshowed

there is a significant effect on the species richness ratio when the minimum critical load (10Kg N ha
yearl) is exceeded by 20% (ie 2kg Nlhear'). Hicks & Ashmore (2010) concluded that the
thresholdfor site integrity should therefore be based on the minimum of the critical load range (10
kg N ha year?).

$ UK Field Data
L _ _-0.0360
. y=e

Rsqr = 0.53

Sn/Sc

Exc. Min. (kg N ha™yr?)
Figure 6.5: (from Hicks & Ashmore 2010): Relationship between the species richness ratio (Sn/Sc) and N
exceedance calculated using nedléd N deposition values minus the minimum critical load (10kgNybar?)
for unfertilized plots of dry acid grassland at 68 sites across the UK. Sn/Sc = species richness ratio where Sn =
number of species in a treatment and Sc = number of specib® icontrol.

Emmett et al (2011) indicate the acid grassland species likely to be inhibited at different N
deposition levels and the impacts on ecosystem function and soil processes. The evidence is
summarised in the extract of Table 2.2 ofifdett et al(2011) in Table 6.Below, which presents the
information for N deposition levels encompassing the critical load range. Based on the evidence for
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