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1. Executive Summary

Atmospheric pollution in relation to acidification and eutrophication arise from both reactive nitrogen and
sulphur which are important drivers for biodiversity loss globally. Impacts from acidification are decreasing
across Europe - in 2010 the area impacted from acidification had decreased to 7% from 43% in 1980.
However, at the same time, despite decreasing from 84% in 1990 to 63% in 2010, a large portion of Europe
is still being impacted by eutrophication from atmospheric nitrogen deposition (distinct from nitrogen inputs
in land run-off). Such eutrophication is due to deposition of reactive nitrogen, principally ammonia, ammonium
and nitrogen oxides. With decreasing emissions of sulphur alongside nitrogen dioxide, it is likely that less
aerosol ammonium is being formed which can result in higher local concentrations of atmospheric ammonia,
and associated increase in its local deposition. Impacts from both acidification and eutrophication occur when
a critical load is exceeded thereon; this refers to an amount of pollutant which will cause a negative effect
based on evidence. The UN-ECE Convention on Long-Range Transboundary Air Pollution (CLRTAP)
requires signatory parties to submit data on critical loads to the International Cooperative Programme on
Modelling and Mapping of Critical Levels and Loads and Air Pollution Effects, Risks and Trends (ICP-M&M).
Maps and data on critical loads, levels and exceedances are also important for local, regional and national
planning.

This report describes the estimation of air pollution pressure for the Republic of Ireland, in terms of the
deposition and concentration of specific pollutants (sulphur and forms of nitrogen), and the calculation of
critical load values for particular habitats. Together, these datasets allow assessment of the amount and
spatial patterns of critical load and critical level exceedances. This report presents modelled deposition (and
concentrations) of air pollutants relevant to critical load exceedance. A state-of-the-art model EMEP4IE
operated by UKCEH has been used to model both concentration and deposition rates using the EPAs most
recent emission model MapEire as its primary input. These model outputs were validated using monitoring
data where available and trends in deposition rates across Ireland inferred. Ecosystem receptor maps were
generated to which suitable critical loads for nutrient nitrogen and acidity were applied. This utilised a review

of datasets that have become available since the last ICP-M&M c a | | for dat a, i ncl

Park and Wildlife Servicebds (NPWS) Habitat Asset
mineral and peat soils was also developed using best available data. The primary function for these models
being their submission under CLRTAP to ICP-M&M, to allow for international assessment of critical load
exceedances.

This project generated a range of models, many of which were used within this project to update our
understanding of atmospheric impacts across Ireland. While this report focuses on exceedance of critical
loads for nutrient nitrogen, and acidification; it also reviews potential effects from atmospheric ammonia.
Remaining models are available to be incorporated into future projects. All modelled outputs are listed below;

Empirical critical loads nutrient nitrogen on on receptor ecosystems

Steady State Mass Balance critical loads for nutrient nitrogen on managed broadleaf woodlands
Steady State Mass Balance critical loads for nutrient nitrogen on managed conifer woodlands
Steady State Mass Balance critical loads for acidity for mineral soils

Steady State Mass Balance critical loads for acidity for peat soils

Mean annual ammonia concentrations

Mean annual dry deposition of ammonia

Mean annual wet deposition of ammonia

Mean annual concentrations of nitrogen dioxide

Mean annual concentrations of sulphur dioxide

Mean annual dry deposition of nitrogen dioxide

Mean annual wet deposition of nitrogen dioxide

Mean annual total nitrogen deposition

Mean annual dry deposition of sulphur dioxide

Mean annual wet deposition of sulphur dioxide

Mean annual ozone concentrations

Mean annual nitric acid concentrations

Mean annual PM fine concentrations

=4 =4 =8 -8 8 8 -4 -8 -8 _9_9_a_°2._A°_29_2_-4_-2

udi ng
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1 Mean annual PM2.5 fine concentrations
1 Mean annual sulphate concentrations
 Mean annual total nitrate concentrations

Emission maps generated highlight that ammonia emissions are strongly linked with agricultural areas, where
emissions of nitrogen oxides follow roads and urban areas; with sulphur dioxide also associated with urban
areas, principally paired with industrial sites. Source apportioned atmospheric ammonia concentration and
reactive nitrogen deposition models were used to assess nutrient nitrogen critical load exceedances across
both critical load maps produced and the Natura 2000 network. Ammonia concentration modelling
highlighted, that on average critical levels for atmospheric ammonia were highest in Monaghan, Cavan and
Meath and lowest in Kerry, Donegal and Mayo. A number of counties including Laois, Kildare, Cork and
Donegal had a number of hotspot areas with high concentrations likely from sources such as intensive
agriculture. On average all counties exceed the lower critical level for lichen and moss species of 1 pg m,
with the lowest average concentration in Co. Mayo (1.1 pg m) and the highest in Co. Monaghan (3.9 pg m’
%) Spatial heterogeneity within counties is important, and many include areas which fall below this threshold,
similarly many areas within the counties have much higher concentrations. When assessed across the Natura
2000 network, 81% of Special Areas of Conservation and 78% of Special Protection Areas exceed the critical
level for sensitive species (1ug m).

This work highlighted that 36% of the area of selected habitats (bogs, heaths, seminatural grasslands,
marshes, fens, sand dunes, woodlands & forests) exceeds its critical load for nitrogen deposition. This report
goes on to highlight the number of Special Areas of Conservation (SAC) with critical loads exceeded for
nitrogen deposition. A total of 439 SAC sites are designated across Ireland with 408 of those having an
Annex | habitat i the other 31 sites had only Annex Il species listed. 327 sites had at least one habitat
sensitive to nitrogen deposition and of those 128 had part of its site exceeding the critical load for the most
sensitive feature. For some sites there were occasionally more than one habitat with the minimum critical
load at a site. 39% of the number of SACs with sensitive habitats (i.e., qualifying features) exceeded their
critical loads, which is 29% of the entire SAC network. This report goes on to summarise nitrogen deposition
across the Natura 2000 network (Both SACs and Special Protection Areas), without detailing exceedance of
site-specific thresholds.

Future assessments required under CLRTAP need to consider the updated data available for submission,
most notably the 2020 census for agriculture and newly developed EPA and Tailte Eireann landcover map.
These data will both improve the estimation of pollutant emissions/concentrations/deposition and the
resolution at which critical loads can be mapped. This work will continue to link with the National Ecosystem
Monitoring Network (NEMN), which aims to monitor these pollutants and their effects across Irish
ecosystems, as required under the National Emission reduction Commitments Directive (2016/2284/EU).
Such monitoring will support verification of future models, through atmospheric monitoring conducted on
NEMN Level 2 and NEMN Level 2 core? sites. Additionally, current and future models can be applied to
examine data collected across the proposed NEMN Level 1® network of sites where ecological assessments
are performed and moss and soil samples are taken for tissue nitrogen and soil chemistry, respectively.

! NEMN sites focused on monitoring atmospheric ammonia concentrations.
2 NEMN sites focused on monitoring atmospheric deposition of reactive nitrogen.

3 NEMN sites focused on monitoring ecological indicators.
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2. Introduction

Atmospheric pollution is an important driver for impacts to natural and seminatural ecosystems. Such impacts
typically arise either from direct exposure in the atmosphere, or through the acidification and eutrophication
of both freshwater and terrestrial habitats. \Where nitrogen deposition is recognised internationally as the third
most important driver for biodiversity loss (following climate and land use change), impacts arising from
sulphur pollution are likely decreasing coupled with decreased emissions. Reactive nitrogen, such as
ammonia, ammonium or nitrogen oxides are the principal concern for nitrogen deposition and subsequent
eutrophication and acidification impacts on ecosystems. In Ireland, with continually increasing ammonia
emissions, and likely reduction of aerosol formation (due to decreasing sulphur and nitrogen oxide
emissions), the eutrophying and acidifying effects of nitrogen deposition and direct effects from ammonia
exposure needs to be central to all biodiversity and agricultural plans going forward.

Thresholds have been set to quantify impacts to ecosystems based on the amount of pollutant they are either
exposed to or receive; these are termed critical loads and critical levels. A critical load is a threshold which
defines the sensitivity of a habitat to deposition of reactive nitrogen from the atmosphere. For example, bogs
have a critical load of 57 10 kg N ha* year™; and are hence impacted when nitrogen deposition exceeds
these thresholds. A nutrient nitrogen Critical Load is a measure of how sensitive a habitat is to atmospheric
nitrogen deposition. If a habitat receives more nitrogen than its critical load, it will be negatively impacted.
Similarly, limits have been set on the concentrations of many pollutants which cause an impact; these are
termed critical levels. The critical levels for atmospheric ammonia are set at 1 ug m for lichens and moss
species (i.e. relevant to bog, heath, oak woodlands, etc) and 3 ug m= for all other higher plants and
associated habitats. Where atmospheric ammonia is a substantial contributor to reactive nitrogen deposition,
both concentration and deposition require separate thresholds to ensure identification of potential impacts.
When either a critical level or a critical load is exceeded, it is likely the habitat is being negatively impacted.

Figure 1. Definition of critical levels, loads and exceedances relative to atmospheric ammonia and nitrogen deposition.

The UN-ECE Convention on Long-Range Transboundary Air Pollution (CLRTAP) requires signatory parties
to submit data on critical loads to the International Cooperative Programme on Modelling and Mapping of
Critical Levels and Loads and Air Pollution Effects, Risks and Trends (ICP-M&M). The EPA funded this
project in 2020 to compile and submit this data on behalf of the EPA. The focus of this call for data was on
critical loads for two types of atmospheric pollution: critical loads for acidity and critical loads for nutrient
nitrogen. Nitrogen is an acidifying pollutant which needs to be considered as a component of Critical Loads
of Acidity. The effects of nitrogen as a nutrient element are distinct from its role as an acidifier, and is also
harmful to ecosystems and biodiversity.

The primary source of mapped land use data was the Habitats Assets Register for Ireland, compiled by the
National Parks and Wildlife Service (NPWS) in 2017 based on a combination of 46 habitat datasets including
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the CORINE Land Cover (CLC) from 2016. The datasets available were reviewed and any refinements to
ancillary data sets to deliver improved mapping were considered e.g. EPA-Teagasc Soils and Subsoils
dataset; forest cover datasets; species occurrence datasets to refine habitat classes; precipitation as a
potential modifier for critical loads. EPA funded research has supported the development of empirical critical
loads of nutrient nitrogen for Europe using Irish data (Aherne et al., 2021). Aherne et al., 2021 utilised National
Parks and Wildlife Service surveys to quantify the effect nitrogen deposition is having on vegetation
communities across Ireland, clarifying the specific thresholds for impacts on Irish habitats from nitrogen
deposition. These values are used by EPA for Integrated Pollution Control (IPC)/Industrial Emissions (IED)
licensing when reviewing contributions of ammonia from intensive pig and poultry farms to sensitive habitats
within Natura 2000 sites. They are also used to apply critical loads to habitats nationally within this report.
Empirical critical loads across Europe have hence been updated, and this updated document should be
considered for future European submissions (Bobbink et al., 2022).

The critical load is an important concept when assessing the risks to ecosystems from air pollution, and is
defined as "a quantitative estimate of an exposure to one or more pollutants below which significant harmful
effects on specified sensitive elements of the environment do not occur according to present knowledge"
(Nilsson & Grennfelt). It thus represents a threshold level of pollution deposition from the atmosphere, above
which harm is likely. Maps and data on critical loads and exceedances are also useful for local, regional
and national planning. Similarly, a critical level is defined as a threshold concentration of an air pollutant.
ICP-M&M focuses on three types of air pollution:

a) the deposition of acidifying pollutants i.e. sulphur (S) and nitrogen (N) in both reduced (NHy) and
oxidised (NOx) forms.

b) the deposition of eutrophying pollutants i.e. nitrogen in both reduced and oxidised forms.

¢) The concentration of gaseous ammonia (NHs).

Air pollution pressure has been re-estimated using a widely used atmospheric model, EMEP-WRF. The
EMEP-WRF model is an atmospheric-chemistry transport model (ACTM) based on the EMEP MSc-W model
(https://github.com/metno/emep-ctm), using the Weather Research Forecast (WRF T www.wrf-model.org)
model as the meteorological driver. The EMEP-WRF UK, also named EMEP4UK, represents atmospheric
composition in high detail, with a capability to simulate hourly air pollution interactions over decadal scales
at high horizontal resolution, and the effects of photochemistry. An output for the whole EMEP-WRF Irish
domain (named EMEP4IE) at 1x1 km? grid resolution was produced using the best available emission data
(MapElre), with hourly averaged output for chemistry (EMEP4IE) and hourly for meteorology (WRF). This
has allowed the amount and composition of pollutant deposition to be assessed for the Republic of Ireland,
including nitrogen and sulphur deposition (including habitat specific depositions), and concentrations of
ammonia and also particulate matter (PM1o) for human receptor assessment in SCAIL-Agriculture (Simple
Calculation of Atmospheric Impact Limits-Agriculture).

Where the focus of the UN-ECE CLRTAP and the previous National Emission Ceilings Directive
(2001/81/EC) was on limiting national emissions, this approach was revised in the updated National Emission
reduction Commitments Directive (2016/2284/EU). It is now required in addition to reducing national
emissions, to monitor and report air pollution impacts on sensitive ecosystems within each Member State.
Il rel andbés r es pons istheimpleméniaton af theg\atiorraleEcosysteém Monitoring Network,
operated by the EPA. This network will monitor both the air pollutants themselves and their effects.
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3. Developing Nutrient Nitrogen Critical Load Maps
for Sensitive Ecosystems

The deposition rates for acidity and nutrient-N that result in impacts should be seen as critical loads depend
on the properties of the receptorecosystem.Sens i t i vity is determined by
or re-export the pollutant, and on the resilience of components such as individual species or ecosystem
functions. In this section we review briefly how critical load values are assigned and recommend methods for
assigning these values for Ireland. The recommended methods have been applied to generate maps of
critical load values for Ireland, which were used in the response to the Coordination Centre for Effects Call
for Data in April 2021.

The main basis for assigning critical loads for Nutrient-nitrogen (Nutrient-N) for semi-natural habitats was the
empirical critical loads (CLempN) agreed in UNECE expert workshops (Berne 2002 Achermann & Bobbink
2003; and Nordwijkerhout 2010 Bobbink & van Hettelingh 2011). These were set based on EUNIS (EUropean
Nature Information System) habitat classes, in most cases with a suggested range of values. Revisions to
the recommended CLempN values were applied to all habitats based on Aherne et al 2021. The
recommended values were based on two approaches to assessing the influence of N deposition on plant
species diversity within Annex | habitats: a gradient approach (threshold indicator species analysis) and an
approach using the Probability of Occurrence of Plant Species (PROPS) species-niche model. We assessed
which point on the given range of CLempN values is most appropriate to apply for each habitat, taking into
account the uncertainty attached to each range, and potential modifiers such as annual precipitation.

The preparation of critical load maps has three main components: (A) mapping and distribution of habitats
sensitive to the nitrogen and acidity (the receptor ecosystems); (B) determination of the critical load values
or functions to be assigned to those habitats; (C) developing grid-based maps used to develop site-relevant
critical loads. The primary source of mapped land use data was the Habitats Assets Register for Ireland,
compiled by the National Parks and Wildlife Service (NPWS) in 2017 based on a combination of 46 habitat
datasets including the CORINE Land Cover (CLC) from 2016. The datasets available were reviewed and any
refinements to ancillary data sets to deliver improved mapping were considered e.g., EPA-Teagasc Soils and
Subsoils dataset; forest cover datasets; species occurrence datasets to refine habitat classes; precipitation
as a potential modifier for critical loads. The Habitat Asset Register has already assigned Level 1 EUNIS
categories for Irish habitats. The process of sorting and aggregating these habitats went through a series of
stages and how these were assigned are described within this report.

3.1Introduction to types of Critical Load

Essentially, there are two approaches to assigning critical loads 1 mass-balance, and empirical. The mass-
bal ance approach i s sotmat é meass SSSHB) laltioughaibtypés df gritical
load are set to avoid harmful effects in the long term, i.e., once the system has reached a steady state.
Mass-balance critical load values are assigned on the basis that the ecosystem will withstand an influx of
pollutant if this is balanced by exports (including safe rates of storage within ecosystem pools such as soil
organic matter). In the case of acidity, there may also be counterbalancing inflows of basic cations, such as
calcium from mineral weathering. Empirical critical loads are assigned on the basis of observations from
experiments in which pollutant loads were increased, or from surveys across a pollution gradient, as the
maximum deposition rate at which significant harmful effects are not observed.

The focus of the Coordination Centre for Effects call for data is on critical loads for two types of
atmospheric pollution: Critical Loads for Acidity (CLA) and Critical Loads for Nutrient-N (CLnutN). Nitrogen
is an acidifying pollutant (irrespective of whether it is deposited in its reduced or oxidised form) which needs
to be considered as a component of CLA. The effects of nitrogen as a nutrient element are distinct from
acidification and can also be very harmful to ecosystems and biodiversity. Only mass-balance approaches
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are used to assign critical load for acidity values. Values for CLnutN are often assigned using empirical
data* (CLnutN) but may also be defined using a mass-balance approach (Figure 2).

Nitrogen

Critical Load for
Nutrient Nitrogen:

Critical Load
for Acidity:

Steady State

Empirical Critical Mass Balance

Figure 2. Critical Load concepts. Nitrogen and sulphur both contribute to acidity Critical Load for Acidity load (CLA) which is
always determined using a Steady State Mass Balance approach (SSMB). The Critical Load Nutrient-N critical load (CLnutN)
may be determined using mass balance or using empirical data (CLempN).

Assigning a critical load value requires, as a minimum, knowing the habitat (Figure 3). If a mass-balance
approach is taken, information about soil type, fertilisation, and other management practices should also be
taken into account. For the Coordination Centre for Effects Call for Data, a single CLnutN and a single critical
load for acidity value need to be assigned per 0.1° x 0.05 ° grid cell (11.1 x 5.55 km), for each habitat in that
grid cell. This requires a single value per cell for the underlying data. Methods for assigning site-relevant
critical loads are described below.

Acidity Nutrient Nitrogen

Peat soil

Mineral/Organo-
mineral soil

S p—

Mineral/Organo-
mineral soil

Empirical

Figure 3. Critical load approaches for Ireland showing approach taken by habitat type.

3.2Review existing landuse / habitat maps and ancillary data for Ireland

To define critical loads to habitats an underlying map of habitats across Ireland is required, as different
habitats have different critical loads depending on their sensitivity. Selected habitats were obtained from
National Parks and Wildlife Service (NPWS) Habitats Asset Register in 2017 based on a combination of 46

4 Empirical data refers to data derived from research.
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habitat datasets including the CORINE Land Cover (CLC) from 2016 (Figure 4). The process involved the
sorting and aggregation of habitats into broader habitat classes for determining critical loads. To assist the
process other datasets were used including the Irish Soil Information System map®, bedrock data® and the
Survey of Native Woodlands’. Where fimosai ¢ 0 (ptnaidally umandshabdats); the halgtak
type based on CORINE landcover was applied. Use of the EUNIS (EUropean Nature Information System)
habitat classification enables a consistent approach in different countries. The ICP M&M Coordination Centre
for Effects (CCE) has adopted EUNIS as the basis for its critical load assessments. For Ireland the Habitat
Assets Register and ancillary maps identified were used to derive a final set of habitat classes to be used for
assigning critical loads. The final habitat map was projected to a resolution of 0.1° x 0.05 ° grid cells required
by the Coordination Centre for Effects for EU mapping. This approach is detailed in Appendix 1.

3.3Assigning Critical Loads for Nutrient Nitrogen, CL nutN

The main basis for assigning critical loads for nutrient-nitrogen for selected semi-natural habitats was the
empirical critical loads (CLempN) agreed in UNECE expert workshops (Berne 2002 Achermann & Bobbink
2003; and Nordwijkerhout 2010 Bobbink & van Hettelingh 2011). These were set on the basis of EUNIS
classes, in most cases with a suggested range of values. Revisions to the recommended CLempN values
were applied to all habitats based on Aherne et al 2021. The recommended values were based on two
approaches to assessing the influence of nitrogen deposition on plant species diversity within Annex |
habitats: a gradient approach (threshold indicator species analysis) and an approach using the PROPS
species-niche model.

The CLempN values assigned to selected habitat classes are shown in Table 1 with the final mapping value

in the 6Assignedd column. Revised values from Aherne et
load values. For habitats where Aherne et al. (2021) did not provide a value, the mid-point of the suggested

empirical critical loads for nutrient nitrogen (Nordwijkerhout, 2010) range was used.

Table 1: Empirical critical loads for nutrient nitrogen assigned to habitat classes. CLempN are given for i) current UNECE
Nordwijkerhout workshop 2010 ranges, i) a revised Aherne 2021 mapping value, and iii) the final Assigned values used in this
project. Where a value from Aherne is not given a mid-point is used from the 2010 range. Areas of each habitat are also given,
in km2 and as % of the land area of the Republic of Ireland.

Area of Empirical Empirical Assigned
habitat critical loads critical loads Empirical
Empirical Nitrogen (N) for nutrient for nutrient critical loads
Habitat (EUNIS Codes) in (km?) Clags Name 9 nitrogen Range | nitrogen for nutrient
Republic of Ireland (% of h 2010 Aherne 2021 nitrogen”
land (Nordwijkerhout 2010)
mass) Kg N ha* yr?
7091
Bogs (D1) (10.2) Raised and blanket bogs | 5-10 5 5
262 Non-Mediterranean dry
Dry Acid grassland (E1.7) ©0.7) acidic and neutral closed | 10-15 5 5
) grasslands
173 Heath (Juncus)
Wet Acid grassland (E3.52) 0.2) meadows and humid 10-20 10 10
) (Nardus stricta) swards
Dry Calcareous grassland 382 Sub-Atlantic semi-dry 15-25 _ 20
(E1.26) (0.5) calcareous grasslands
Dry heath (F4.2) ?olg) Dry heaths 10-20 7.5 7.5
950 Northern wet heath:
Wet heath (F4.11) (1.4) Calluna-dominated wet 10-20 5 5
) heath (upland moorland)
81 Valley mires, poor fens _
Marsh and fen (D2) (0.1) and transition mires 10-15 7.5 7.5

® https://data.gov.ie/dataset/irish-soil-information-system-national-soils-map
© https:/iwww.gsi.ie/en-ie/programmes-and-projects/geological-mapping/Pages/Data-and-Maps.aspx

" https://www.npws.ie/maps-and-data/habitat-and-species-data
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Moss and lichen-dominated 291 Moss- and lichen

mountain ridges > 300m 0.3) dominated mountain 5-10 - 7.5

(E4.2) ) summits

. . Permanent oligotrophic
Oligotrophic and
) : 245 lakes, ponds and pools ) :
?él:els)otrophlc Water bodies 0.3) (including soft-water 3-10 6.5
lakes)

41 Pioneer, low-mid, mid-

Salt Marsh (A2.5) 0.1) e 20-30 7.5 7.5

Sand Dunes (B1.4) 121 Coastal stable dune 8-15 75 75
(0.2) grasslands

Unmanaged Broadleaf 1735 Broadleaved deciduous

Woodland (GL.8) (2.5) woodland 10-20 10 10

Managed Broadleaf 921

Woodland (G1) (1.3) SSMB

Managed Coniferous 4142

woodland (G3.1) (5.9) S

*Where vegetation change points are not available the midpoint of the 2010 CLempN range was used.

Receptor ) Empirical
Ecosystems Critical Loads

Habitat (EUNIS Codes)
I 12naged Coniter & Mied Forest (53.1)
Managed Broadieal Forest (@1}
Unmanaged Broadleat Woodland (G1.8)
B vorsnoren 02

Wt Heath (F4.11)

B o Heatn iFa 2y

I eoos o)

N caloareous Grassiand (E1.26) Critical Load

I Vit Grassiand (E3.52) kg M ha " year™
Dry Acid Grassland (E1.7) | B

B ot varsh (a25) s
Sand Dunes (B1.4) 75
Moss & Lichen Ridges >300m (E4.2) 10

I oigotrophic & Mesotrophic Waterbodies {G1.43 0

Figure 4. Left: Seminatural receptor ecosystems based on NPWS Habitats Assets Register. Middle: Empirical critical loads for
semi-natural receptor ecosystems

4. Developing Nutrient Nitrogen Critical Load Maps
for Managed Woodland

The Steady State Mass Balance (SSMB) method is the most commonly used model for the calculation of
acidity and nutrient nitrogen critical loads for managed woodland ecosystems. This model is based on
balancing the N and acidic inputs and outputs from the ecosystem, to derive a critical load which ensures
that a critical chemical limit (related to effects on the ecosystem) is not exceeded.

4.1 Nutrient-N Critical Loads for managed woodland

CLempN values are not available for managed woodlands and a SSMB approach is applied for (productive)
woodlands to ensure the protection of the long-term ecosystem function (e.g. soils, trees, and linked aquatic
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ecosystems). The SSMB approach calculates the long-term inputs and outputs of nitrogen from the system.
The critical load corresponds to the load when the system is at a steady state. Excess nitrogen input is likely
to lead to exceedance of a critical rate of nitrogen leaching.

el A Ao gy B, @)

where:
Ni = acceptable annual level of nitrogen immobilisation in soil organic matter (including forest floor)
Nu = net removal of nitrogen in vegetation and harvested animals
fde = the denitrification fraction
Nle(acc) = acceptable level of total annudfrogen leaching (N@+ NH,* + organic N) from the rooting zone

4.2Nitrogen Immobilisation (Ni)

A maximal acceptable value for a sustainable long-term net Nitrogen immobilisation was used in the 2012
data submission by Aherne (2017), with values of 3 kg N ha yr for Histosols® and Podzols®, and 1 kg N ha"
L yrt for all other soils. In comparison the Mapping Manual ranges are lower, (CLRTAP 2017, section
V.3.1.3.1), with values between 0.2i 0.8 kg N ha™* yr™. For consistency with the most recent data submission,
the values by Aherne et al. (2017) were used (Table 2).

Table 2. Nitrogen immobilisation values set for two soil types i 3 kg N ha* yr* set for Histols and Podzols (including peats and
peaty gleys) and 1 kg N ha™ yr for all other soils.

Class Nitrogen Immobilisation kg N ha™ yr™* Irish Soil Information System
terms
Histosols & Podzols 3 Peats, Podzols
All other soils 1 All other soils, including Urban
Not categorised Undefined Water body, Rock, Island

4.3Nitrogen Uptake (Nu)

Nitrogen uptake for managed broadleaf woodland was estimated using a typical yield class, wood density
and nitrogen stem concentration. Based on Aherne 2017 values for broadleaf woodlands were set to an
annual growth rate of 6 m® timber ha year™; a wood density of 550 kg m™; and nitrogen content of 0.13
molc kg.

4, AA  anpm )

where :

Nu= nitrogen uptake (kg N Hayr?)

YC is yield class or annual growth rate¥timber hat year?)

a s the density of stem wood (kgm
Cu is the content of nitrogen in stems (molc)kg

Nutrient uptake by conifer forests was based on calculations from the ForSite project (Johnson et al. 2016)
where uptake was assumed to be represented by the nitrogen in above-ground biomass at the point of whole-
tree harvesting. The unit has a time component of one year, achieved by dividing forest-harvest amounts by
the time between establishment and felling. Harvests are above ground whole-tree clearfells with removal off
site of all stem, branch, and foliar biomass, with no returns (e.g. ash or char).

4.4.Denitrification (fde)

This denitrification-pr opor ti on (a better t er nreptededsnthe Mitdogenithiatrisi f i cat i o
removed by denitrification processes, and thus does not contribute to acidification. Denitrification is a

microbial process where nitrogen compounds (e.g. nitrate) are released back into the atmosphere as gases

of nitrous oxide (N20) or/and di-nitrogen (N2). The denitrification fraction (fae) is determined by soil texture

and drainage status and were categorised, using mapped soil-association units and according to their

principal soil series, into values assigned to classes as defined in Table A2.3 of Aherne et al., 2017, and

shown in Table 3 below.

8 soil consisting primarily of organic materials

9 podzols are the typical soils of coniferous or boreal forests
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Table 3. Denitrification expressed as a proportion of Nitrogen deposition for different soil classes.

Class Proportion of Irish Soil Information System terms World Reference Base for Soil
Nitrogen Resources (WRB)
deposition
denitrified
Peats 0.8 Peats Histosols
Peaty Gleys 0.7 Humic Surface- and Groundwater Gleys | Histic Stagnosols, Histic Gleysols

Typical Surface- and Groundwater

Gleys 0.4 Sl AT e Stagnosols, Gleysols, Fluvisols

Podzols 0.2 Podzols Podzols

E(r)(ialz-dramlng 0.1 Brown Earths, Luvisols, Cambisols, Luvisols

Not categorised undefined Water body, Urban, Rock, Island Includes Gleysols, Leptosols, Technosols,

Histosols

4.5Acceptable level of total annual nitrogen leachingNie(acg)

The acceptable nittogen| eachi ng fl ux (Nl e(acc)) depends on the
Leaching is the process of the washing out of soluble ions and compounds (e.g., nitrates) by water draining
throughthesoi. 1 n general , it is not the nitrogen |l eaching
nitrogen in the leaching flux (CLRTAP 2017). The acceptable nitrogen leaching (in eq ha* year?) is calculated

as:

dl L
sttt O
Where:

[N]acc = theacceptablenitrogenconcentration (eq M)
Q is the precipitation surplus fha’ yr?)

A soil solution nitrogen concentration of 0.2 mg N L (=0.0143 eq m™) was used as the value recommended
to avoid nutrient imbalances in managed woodlands (Johnson et al., 2016). Q is the precipitation surplus of
rainfall minus evapotranspiration derived from the Met Eireann Reanalysis (MERA) model.

4.6Critical loads for managed woodlands

The final calculation of critical loads for managed conifer forests and managed deciduous and mixed forest
are shown in Figure 5 below.

- ‘V\Z‘L ’\I‘ Critical Loads (kaN/hafyr)
’ I o5
B

5-10
1015
15-20
2025
25-30
M >30

Critical Loads (kgN/ha/yr)
. 05
[ 510
10-20
20-25
L 25-30
. -3

Figure 5. Left: Critical loads of nutrient nitrogen for managed coniferous forest based on the SSMB approach (kg N ha-1 year-
1). Right: Critical loads of nutrient nitrogen for managed deciduous and mixed forest based on the SSMB approach (kg N ha-1
year-1).
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5. Developing Critical Load for Acidity Maps

Critical Loads for Acidity (CLA) were assigned and calculated using different methods, depending on the
habitat and also on the broad class of soil. For the purpose of assigning base-cation weathering classes,
mapped habitats were mainly assumed to occur on the dominant soil type within each 1km grid square. Bog
habitats are an exception and were assumed to only occur on peat soil. Rain-fed peats (which constitute the
majority of peatland habitats in Ireland) do not receive any alkalinity inputs from base cation weathering, and
so the soil solution pH is largely governed by the chemistry of rainfall (Cresser 2000). Base cation are
positively charged ions of alkaline metals (e.g. sodium Na, calcium Ca, potassium K, and manganese Mg).
The CLA for ombrotrophic peats were therefore defined as CLA = Q * [H+] where Q is the runoff or
precipitation surplus in metres per year, and [H+] is the hydrogen ion concentration equivalent to a critical
pH value of 4.4. Runoff Q is the total precipitation minus evapotranspiration and was calculated using the
most recent MERA° evapotranspiration model for peat soils, paired with the best available national rainfall
dataset™,

On mineral and organic soils, for semi-natural habitats other than woodlands, CLA was defined using the
base cation weathering based on Skokloster classes'?, minus the critical limit for leaching of Acid Neutralising

Capacity (ANC). From previous work by Aherne and

classes was assigned based on the dominant mineralogy and weathering rate of the dominant soil type in
each grid square. Each class is associated with a range of critical load values based on the amount of acid
deposition that could be neutralised by the base cations produced by mineral weathering (Nilsson and
Grennfelt 1988). ANC leaching is chosen as the chemical criterion set with a specified limit to protect the
receptor ecosystem from long-term damage. The ANC is based on both the critical aluminium ([AL]crit ) and
hydrogen ion ([H]crit) concentration and the precipitation surplus (Q). A critical load of potential acidity is
therefore obtained by setting a critical ANC leaching value i above which harmful effects occur, the critical
limit (Aherne, 2000). For woodlands on mineral and organic soils, CLA was defined using a SSMB approach.
Calculating SSMBs for woodlands building on the work of Johnson et al. (2015) and Johnson et al. (2016),
who developed budgets of nutrient cations and nitrogen for forests.

The Critical Load Function (CLF), developed under the UNECE CLRTAP (Posch et al., 1999; Posch &
Hettelingh, 1997; Posch et al., 1995; Hettelingh et al., 1995), defines combinations of sulphur and nitrogen
deposition that will not cause harmful effects. The acidity critical load function is described by the values
ClmaxS, ClminN and ClmaxN which are defined as follows.

1 ClmaxSis calculated from CLA, but also takes into account the net base cation deposition to the soil
system (Bcdep) and base cation removal from the system (Bcu).

1 CiminNis the sum of the long-term nitrogen removal processes from the soil and vegetation including
nitrogen uptake (removal), nitrogen immobilisation, and denitrification

1 ClmaxN is calculated as CImaxN = CIminN + ClmaxS

This report shows the CLmaxS and CLminN maps for habitats assuming that habitat is found in every grid
square. There are five CLmaxS maps (managed conifer, managed deciduous, unmanaged deciduous,
heathland and all other habitats). This is due to non-marine base cation deposition having three separate
outputs i forest, heath and others. Forests are further divided based on the base cation uptake (BCu) which
differs for managed conifer and deciduous. For CLminN there are only three maps based on managed
conifer, managed deciduous and all other habitats.

10 hitps://www.met.ie/climate/available-data/mera
" https://data.gov.ie/dataset/1981-2010-rainfall-grids
12 Skokloster - a classification based on the rate of base-cation release from weathering of mineral soils. These classifications

were defined at a UNECE workshop on Critical Loads for Sulphur and Nitrogen in Skokloster, Sweden, March 1988. See
Appendix 2
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Critical loads for acidity (CLA) were assigned and calculated using different methods, depending on the broad
class of soil, detailed in sections 5.1 and 5.2.

5.1 Assigning Critical Loads of Acidity for Peat Soils

Rain-fed peat soils (which constitute the majority of peatland habitats in Ireland) do not receive any alkalinity
inputs from base cation weathering, and so the soil solution pH is largely governed by the chemistry of rainfall
(Cresser 2000). The critical load for acidity (CLA) (in equivalents m? yr') for ombrotrophic peats was
calculated as

FE oA @

Where

Q (precipitation surplus)s the volume of percolating watér the root zondi.e. precipitationminus
evapotranspiration) ircubic metres per hectare pewyear

[H+] is the hydrogen ion concentration (in equivalents$)lcorresponding to a critical pH value.

Critical loads of acidity for peat soils were set to the value corresponding to the amount of acid deposition
that would give rise to an effective rain pH value of 4.4 (Calver, 2003; Calver et al., 2004; Skiba and Cresser,
1989) The choice of threshold pH value reflects the buffering effects of organic acids on peat drainage water
pH.

The precipitation surplus Q is the amount of water percolating from the root zone. It is calculated as the
difference between precipitation and actual evapotranspiration. It should be averaged annually from multiple
years (CLRTAP, 2017). Q was calculated using Met Ei r e amaddled rainfall data and MERA
evapotranspiration model and is shown in Figure 6.

Q m/m2/year Legend

Il 0t 0.6 equivalents/halyear
W 06t01.0 CEA
Bl 1135-2160
1to 14 216.1-2803
Il 14t01.8 2804-3828
18 3829-546.4
I 5465- 5076
I 077- 12245
Figue6Left Pr eci pi tation surplus 6Q6é for | reland der iCrteaflloadlsofom preci pit

acidity for Peat soils based on SSMB approach.
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5.2 Assigning Critical Loads of Acidity for Mineral Soils

For mineral soils critical load for acidity is defined as:

Fi= = v 5)

Where:
BCw = base cation weathering (derived Skokloster classes)
ANCle,crit = the critical limit for leaching of Acid Neutralising Capacity

The process for preparing acidity critical loads for mineral soils is detailed in full in Appendix 2.

5.3Critical Loads of Acidity

Final map of CL(A) for both Peat and Mineral soils is shown in Figure 7 in equivalents per hectare per year.
The areas (purple) contain the peat type soils and are the most sensitive.

CLA (eq ha™t year™ 1)
Il 100 - 1500

I 1500 - 2900
I 2900 - 4300
[ 4300 - 5800
5800 - 7200

Figure 7. Final Critical Loads for Acidity map for Ireland including critical loads based on mineral soils and peat soils.
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5.4Critical Load Function of acidity

The Critical Load Function (CLF), developed under the UNECE CLRTAP (Posch et al., 1999; Posch &
Hettelingh, 1997; Posch et al., 1995; Hettelingh et al., 1995), defines combinations of sulphur and nitrogen
deposition that will not cause harmful effects. The acidity critical load function is described in graphical form
as nitrogen deposition (x-axis) versus sulphur deposition (y-axis). In simple terms the critical load can be
defined by a 45-degree diagonal line (Figure 8. Left). At each point along the line including the area under
the line, the critical load for acidity is thus defined by varying combinations of nitrogen and sulphur deposition.
To allow for the long-term nitrogen removal processes by the soil and through harvesting of vegetation, the
simple diagonal line is shifted along the nitrogen axis to increase the nitrogen values across the entire
function graph (Figure 8. Right). More nitrogen can then be deposited before the acidity critical load is
exceeded. There are no similar removal processes that need to be considered for sulphur.

CLmaxS CLmaxS

c c

2 k=)

= =

vy wy

o <]

o (=N

8]} 5]

o =]

vy (%]
CLmaxN CLminN CLmaxN
N deposition N deposition

Figure 8. Left: Simple 45° critical load with no removal processes of nitrogen. Right: The full critical load function with nitrogen
removal processes in place. The shaded area below the line denotes N/S deposition that are below the critical load (i.e., critical
load is not exceeded).

The intercepts of the CLF on the sulphur and nitrogen axes (Figure 8) define the following terms and
equations (Figure 9):

1 CLmaxSis calculated from CLa, but also takes into account the net base cation deposition to the
soil system (BCdep) and base cation removal from the system (BCu).

1 CLminN is the sum of the long-term nitrogen removal processes from the soil and vegetation
including nitrogen uptake (removal), nitrogen immobilisation, and denitrification

CLmaxN is calculated as CLmaxN= CLminN + CLmaxS

CLmaxs =Cl(Acac) +BCdep; BCu CLmifN) =Nu +Ni

I
+
|

CLmaxN) =CLmiriN) +CLmaxS

Figure 9. Calculation of CLF elements CLmaxS, CLminN and CLmaxN.

Details on calculation of CLmaxN, CLminN and CLmaxS are provided in Appendix 3.

Figures 10 - 12 below show the CLmaxS and CIminN maps for habitats assuming that habitat is found in
every grid square. There are five ClmaxS based on managed conifer, managed deciduous, unmanaged
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deciduous, heathland and all other habitats. This is down to the non-marine base cation deposition having
three separate outputs i forest, heath and others, and the base cation uptake (BCu) having outputs for
managed conifer and deciduous and all other habitats. For CIminN there are only three maps based on
managed conifer and deciduous and all other habitats.

";} CLmaxs Conifer Yoy A
. 73 B 20 1480 4 et * <
P 1480 1 2940 £ 3 4

2040 1 4400 & CLmax$ Broadleaf CLmaxS Heath

4400 7 5860 . 201 1510 B 1067 1590

B 5860 - 7320 1510 3000 1590 i 3074
3000 i 4490 30741 4557
4490 i 5980 4557 1 6041

W 5080 i 7470 B 60411 7525

Figure 10. Left: ClmaxS for managed coniferous forest (eq hayear™). Middle: ClmaxS for managed deciduous forest (eq ha’
year™). Right: Clmaxs for heathlands (eq ha'year™)
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Figure 11. Left: ClmaxS for all unmanaged woodlands (eq ha'year™). Right: Clmax$ for all other habitats
(eq hayear™)
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Figure 12. Left: CIminN for managed coniferous forest (eq ha™year™). Middle: CIminN for managed deciduous forest (eq ha'year
1. Right: CIminN for all other habitats (eq hayear™).
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6. Modelling Pollutant Concentration and
Deposition

6.1Background

The EMEP-WRF model is an Atmospheric-Chemistry Transport Model (ACTM) based on the EMEP MSc-W
model® , using the Weather Research Forecast (WRF)!** model as the meteorological driver. The EMEP-
WRF UK, also named EMEPA4UK, is a photochemistry model able to represent the atmospheric composition
in high detail, with a capability to simulate hourly air pollution interactions over decadal scales at high
horizontal resolution. An output for the whole EMEP-WRF Irish domain (named EMEP4IE) at 1x1 km? grid
resolution (Figure 13) was produced using the best available emission data (MapElre) (see Section 6.2), with
hourly averaged output for chemistry (EMEP4IE) and hourly for meteorology (WRF). The run produced a
Republic of Ireland atmospheric composition of pollutant deposition for nitrogen and sulphur (including habitat
specific depositions), and concentrations of ammonia and also PMio for human receptor assessment in
SCAIL-Agriculture.
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Figure 13. The model extent for Republic of Ireland (0.011° x0.011 ° (1.23 x 1.23 km? at the equator)) is nested within Britain and
Ireland (0.033° x 0.033°) and the coarser EU model (resolution of 0.1° x 0.1°).

A typical set up for EMEP includes the following:

1 Meteorology drivers from the Weather Research Forecast model (WRF 4.1.1 www.wrf-model.org)
1 Vertical domain from surface (~45 m) up to an atmospheric pressure of 100hPa (~16 km altitude)

13 https://github.com/metno/emep-ctm

14 www.wrf-model.org
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1 Global emissions HTAPv2, ECLIPSE v6a, EU emission EMEP, UK emissions NAEI, Irish emissions
compiled under MapEire®® (e.g. NOy, SOx, NMVOC, NHs and PMzs) and the UN Framework
Convention on Climate Change), and international shipping emissions from the Finnish
Meteorological Institute.

1 Detailed 3D meteorology output (e.g. wind speed, temperature, wind direction, precipitation)
i Detailed 3D outputs for more than 80 chemical species, including:

- ammonia

- nitrogen deposition

- ozone

- nitrogen dioxide
- particulate matter
- secondary inorganic and organic aerosols

6.2 EmissionModels

Emissions of air pollutants in the Republic of Ireland were spatially distributed at a 1km x 1km resolution
(TM65/Irish Grid projection) under the MapEire project for the years 2015 and 2016 (reporting submissions
2017 and 2018 respectively). The distribution was undertaken using the Danish SPREAD model (Plejdrup et
al., 2018) which drew on both Irish and international sources of data. Following re-gridding to the required
0.1° x 0.1° resolution and required sectoral aggregation, the spatial distribution was reported to the
Convention on Long-Range Transboundary Air Pollution (CLRTAP). The spatial distribution for the livestock
sector was based on data from 2010 (CS0O,2010), where the locations of intensive pig and poultry farms
were of those identified up to 2015 (Kelleghan et al., 2020). As the latest emissions distributions at the time
this project was completed for the Republic of Ireland were in 2016 (inventory submission 2018), sector level
scaling using the totals in the national emissions inventory prepared by the EPA are submitted annually to
the European Commission under NECD and to the UN-ECE under CLRTAP. For the EMEP4IE modelling,
the MapEire emission grids were processed to a 0.01° x 0.01° resolution and the Selected Nomenclature for
sources of Air Pollution (SNAP) reporting system. In the emissions maps that follow ammonia emissions are
situated where the main agricultural areas are modelled to be, the highest emissions of oxides of nitrogen
can be seen to follow the road patterns and urban areas while emissions of sulphur dioxide, much reduced
from the 1990s, are situated over industrial sites (such as energy transformation industries etc.) but include
urban areas due to residential heating.

EMEP-WRF (rv4.34) - WRF (4.1.1) 2018 EMEP-WRF [rvd 34} - WRF (4.1.1) 2018 EMEP-WRF (rv4 34) - WRF (4.1.1) 2018
Emis_mgm2_nh3 mg/m2  Emis mgm2 nox mg/m2 Emis_mgm2_sox mg/ma2
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Figure 14. Left: Annual ammonia emissions for Ireland 2018 (mg m™) Middle: Annual oxides of nitrogen emissions for Ireland
2018 (mg m™). Right: Annual sulphur dioxide emissions for Ireland 2018 (mg m™).

15 hitps://projects.au.dk/mapeire/
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6.3 Concentration & Deposition Models

Concentrations of ammonia have been mapped over the last two decades. Maps have primarily been based
measurements taken across the country and interpolating them via kriging®. Comparisons with previous
maps are detailed in Appendix 5 Model Verification. Figure 15 highlights the increased spatial heterogeneity
within the EMEP4IE model representing more the nature of ammonia hot-spots across the landscape.

Modelled ammonia concentrations shown in Figure 15, were compared with available ambient monitoring;
this is detailed in Appendix 5. The correlation between the EMEP4IE modelled ammonia concentrations is
moderate with that of the 1999 measurements (Doyle et al., 2017) shown below (R? 0.49), but high with
respect to the 2013-2014 measurements (R? 0.79) and very high compared with the three Northern Ireland
sites used for comparison as part of the UK ammonia network (R? 0.89)"".

Comparisons between EMEP4IE modelled wet deposition of ammonium (NH4") and nitrate (NOz) and
measurements of ion rainfall concentrations are also detailed in Appendix 5. Current 2018 data for wet
chemistry is limited to only four sites, therefore there are not enough points to derive a R-square value.
Appendix 5 shows the EMEP4IE model outputs compared to the observation data. It should be noted that
this analysis is based only on four monitoring locations. The National Ecosystem Monitoring Network (NEMN)
monitors ecological impacts from nitrogen deposition. Increased monitoring under Irelandd BIEMN will allow
for better comparison between monitored and modelled data.

A full set of maps are available in Appendix 4 for other pollutants listed below;

9 Annual ozone concentrations

Annual nitric acid concentrations

Annual PM fine concentrations (all PM <2.5 microns)
Annual Primary PMzsfine concentrations

Annual sulphate concentrations

Annual total nitrate concentrations

Annual aerosol optical depth at 550 nm

Annual deposition of isoprene (bio-natural)
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Figure 15. Left: Mean annual concentrations of ammonia (ug m™) across Ireland. Right: mean monthly concentrations of ammonia
(ug m™®) across Ireland.

6 A method of spatial interpolation to estimate values at un-monitored locations.

7 https://uk-air.defra.gov.uk/networks/network-info?view=nh3
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Figure 16. Modelled annual average ammonia concentrations summarised across each county in the Republic of Ireland. Red
lines represent critical levels of 1 and 3 pg m®.

Figure 16 summarises concentrations present across the counties in the Republic of Ireland average annual
concentrations are highest in Co. Monaghan and lowest in Co. Mayo. Despite a number of counties with grid
cells exceeding the higher critical level of 3 pg mfor higher plants, Co. Monaghan is the only county which
exceeds this on average across the county with an average concentration of 3.9 pg m. Counties Cavan,
Meath, Louth, Laois, Kilkenny, Tipperary, Limerick and Westmeath all come close with average
concentrations across the counties above 2.5 pg m>, with Cavan being 2.8 pg m= The average
concentrations across all remaining counties exceeds the lower critical level of 1 ug m™with the lowest
concentration in Co. Mayo of 1.1 pug m=. Spatial heterogeneity within the counties needs to be considered
when carrying out critical level exceedance. As shown in Figure 15, even with 1 km grid resolution many
locations within the counties can fall below the thresholds for impacts, thus site and habitat specific
assessments are required to adequately gauge impacts. These are discussed further in Section 7
Exceedance of Thresholds.
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Nitrogen and sulphur deposition that was modelled nationally for 2018 (Figures 17 i 21).

EMEP-WRF (rv4.34) - WRF (4.1.1) 2018 EMEP-WRF (rv4.34) - WRF (4.1.1) 2018
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Figure 17. Left: Mean annual dry deposition of reduced nitrogen (mg N m? year™) across Ireland. Right: mean annual wet
deposition of nitrogen (mg N m? year™) across Ireland. Deposition is presented in mg N m? year?, dividing by 100 will provide
the values in. kg N ha™ year™.
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Figure 18. Left: Mean annual concentrations of nitrogen dioxide (ug m) across Ireland. Right: Mean annual concentrations of
sulphur dioxide (ug m™) across Ireland.
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EMEP-WRF (rv4.34) - WRF (4.1.1) 2018 EMEP-WRF (rv4.34) - WRF (4.1.1) 2018
DDEP_OXN_m2Grid
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20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200

Figure 19. Left: Mean annual dry deposition of nitrogen oxides (mg N m* year) across Ireland. Right: Mean annual wet deposition
of nitrogen oxides (mg N m? year™) across Ireland. Deposition is presented in mg N m? year™, dividing by 100 will provide the
values in kg N ha* year™.
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Figure 20. Total Nitrogen Deposition in kg N ha™ year™ for 2018.
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EMEP-WRF (rv4.34) - WRF (4.1.1) 201§ EMEP-WRF (rv4.34) - WRF (4.1.1) 2018
DDEP_SOX_m2Grid mgS/m2  WDEP_SOX mgS/m2
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Figure 21. Left: mean annual dry deposition of oxides of sulphur (mg S m?year?) across Ireland. Right: Mean annual wet
deposition of oxides of sulphur (mg S m?year™) across Ireland. Deposition is presented in mg S m? year™, dividing by 100 wil
provide the values in kg S ha* year™.
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7.Exceedance of Thresholds

7.1Critical Level exceedancéor ammonia concentrations across Natura 2000
network

Atmospheric concentrations of ammonia across Natura 2000 sites in the Republic of Ireland are shown in
Figure 22, with Table 4 summarising this. Table 4 presents concentration in terms of their critical levels; but
does not consider the sensitivity of the sites. Work is ongoing to develop Natura 2000 site specific thresholds
for Ireland, funded by the EPA. Once this data is available, they should be assessed against ammonia
concentration and nitrogen deposition models carried out as part of this project. For Table 5 the data is further
divided into the percent of sites which at some location thereon, exceeded the thresholds for impact and the
percent of the full network exceeding thresholds. Noting, with improved modelling the estimated number of
Natura 2000 sites exposed to concentrations above 1 pg m™ has increased from 60% during previous
assessment (Kelleghan et al., 2019) to 80.9% during this assessment.

Figure 22. EMEP4IE modelled Natura 2000 site exceedances of critical levels for atmospheric ammonia.

Table 4. EMEP4IE modelled critical level exceedances across Natura 2000 sites which overlap with output model.

Critical level Percent (%)
ug md Special Areas of Conservation Special Protection Areas
. . 1 80.9 77.7
Sites with an exceedance 3 38 8.8
: : 1 40.2 82.5
Proportion of network exceeding 3 0.7 0.9

7.2Critical Load exceedancdor nitrogen deposition at SACs

To be able to estimate the impacts of air pollutants on designated sites, the notified interest features (i.e., the
features for which the site is designated) need to be assigned the most relevant critical load. The site-relevant
critical load (SRCL) for a designated site links the habitat feature interest to a suitable empirical critical load
class based on EUNIS. Revisions to the recommended empirical critical loads were applied to all habitats
based on Aherne et al., (2021). The recommended values from Aherne et al., (2021) were based on two
approaches to assessing the influence of nitrogen deposition on plant species diversity within Annex |
habitats: a gradient approach (threshold indicator species analysis) and an approach using the PROPS
species-niche model. Annex | habitats have been assigned critical loads from previous work and through site
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