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Executive summary

¢KS 9FNIKQa S0O02aeaidsSya LINBOGARS Iy FNNXe 2F &SN
water, timber production, disease management, air and climate regulagiesthetic enjoyment and
ALIANRGdzr £ Fdzf FAE YSYy (i {dzOK w9023a2aiGSY {SNBAOSaAQ
provide to humans, distinguishing between provisioning (e.g. food, fresh water, fuel, wood),
regulating (e.g. water purificationwater and climate regulation, pollination), supporting (e.g.

biomass production, soil formation, nutrient and water cycling) and cultural services (e.g. education,
recreation, aesthetic). The role of biodiversity in ecosystem services is often ratheatysiatedg

biodiversity is sometimes considered as a separate service and yet is implicit in most ecosystem
services. Although humans are an integral part of ecosystems, the increased global population along

with increased standards of living and otheocicpolitical, economic, technological and societal

changes, mean that our interventions can have profound negative effects on the quality of the
services provided by ecosystems, hence affecting humanbe#ihy. The concept of ecosystem

services has aén in response to an increased need for making visible human dependency on
nature and ecosystems, in order to ensure sustainable management and avoid irreversible damage

to the ecosystems that ultimately will damage human vixeing. Ecosystem servicesnceapture a

wider set of costs and benefits, not traditionally valued in economic analysis.

In this report weprovide some examples of datavailable from severdhternational Cooperative
Programmes ICP3¥ under the Working Group on Effects of th@onvention on Longrange
Transboundary Air PollutiorkRTAR on how air pollution abatement policies provide benefits to
ecosystem services and biodiversity and how further benefits can be achieved fattine. The
report is not an exhaustive review of thieerature but more a compilation of the present knowledge
used to provide policyelevant information by the WGE he advantages and disadvantages of
valuationin monetary and nommonetary termswere also discussed.

Biodiversity

Deposition of reactive nitrogerurrently isa threat forplant diversityand remains a threain the
foreseeablefuture. Particularly so as theffects of excessive nitrogen deposition on the structure
and functioning of ecosystems and its biodiversity mayoccur instantlyjn some instance& may

take several decades over which the resilience of soils and vegetation is weakened and impacts
become apparentLarge areas in Europe still show exceedance of the nutrient nitrogen critical load
and in acids @sslands a reduction in plant diversity due to elevated nitrogen deposition has been
shown. So far, little is known about the recovery from historic nitrogen pollution; full reconigyfyt

not occur in the future, especially in areas where nitrogensitve plant species have disappeared

and where other drivers such as climate change have modified the environmssessments
should be extended to other ecosystems and biodiversity indicators (e.g. presence of red list species,
soil organisms) for a compnensive analysis of impacts of excessive nitrogen deposition on
biodiversity.Impacts of other atmospheric pollutants also need to be considdfedexample there

is a trend towards an increase in the number of benthic invertebrates since the begininthg

My nQa GKFG YAIKG 0SS NBfIFGSR (2 || NEGEERBGPEE TNBY
Also,experiments at different scales have shown thathift in plant species composition can occur

due to ozone exposure. Ozoensitive plant spges might be outcompeted by more ozene
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ozone dose)However, these observations need to be confirmed by further fielded evidence for
impacts of oane on plant species diversity.

Ecosystem services

Althoughelevated nitrogen deposition stimulates tree growth in areas where nitrogen is currently
the limiting factor for growth, therBy enhancing timber production and the potential for carbon
sequestrgion in forests ecosystems, forest health and vitality may be at risk when organic matter
and nutrient cycling is disturbed due to nitrogen enrichment of forest soils. Soils play an important
role in storage of air pollutants such as reactive nitrogen aedvy metals, thereby mitigating
leaching of these pollutants to water ways and maintaining good water quality. However, the stored
pollutants may adversely affect soil functioning (e.g. microbes and invertebrates) and create
problems when the retention geacity is reached or disturbed, and pollutants start leaching to
surface and drinking water, and coastal zones. Nitrogen leaches from forest soil at a carbon to
nitrogen ratio below 23 in the organic layand when the critical load is exceedeexcessive
nitrogen input in lakes will enhance algal growth.

In contrast to nitrogen, current atmospheric ozone concentrations reduce tree growth, resulting in a
decline in timber production and the potential for carbon sequestration in forests ecosystems.
Hence, emission abatement policies that reduce the atmospheoncentrations of ozone
precursors will be beneficial for forest growth and health. Vegetation is an important sink for ozone
and therefore playsn important role in improving air quality and mitigating climate change. Ozone

is the third most importangreenhouse gas and the deposition of ozone to vegetation contributes
significantly to a reduction in global warming. In addition, ozone has shown to be a threat to food
security by reducing both yield quantity and quality of ozone sensitive specieswieegt and
soybean). Such impacts have been valued in monetary terms. In addition, ozone might adversely
affect the pollination of flowers by for example affecting the synchronization of the time of flowering
with the presence of pollinators or floral scetgils in plantinsect interactions. Current ambient
ozone concentrations significantly reduce seed number, fruit number and fruit weight compared to
pre-industrial ozone levels. Ozone has also been shown to affect water cycling via its impacts on the
opening of leaf pores.

A good example of how air pollution abatement benefits ecosystem services has been the decline in
sulphur deposition since the establishment of the LRTAP Convention in 1979. Acidification of surface
waters in northern Europe due twubphuric aciddeposition had resulted in a loss of fish population

and other organisms in many rivers and lakes. However, chemical conditions in many surface waters
have improved since the mit980s and after a long lag period, biological recovery has starte
during the last decade. Fish species such as brown trout and salmon have returned, as well as other
species such a mayfly and zooplankton. This is of huge benefit to recreational fishing in these areas.
However, another problenfor fishing is the high ieel of mercury that has accumulated in fish
through the food chainFor examplein over half of the lakes in Sweden, the content of mercury in

fish is higher than the recommended values for human consumption.



Conclusions

Based on this report, we draw ttiellowing conclusions:

1 Awareness of ecosystem services, including biodiversity, in both monetary and non
monetary terms helps to assess the real benefits of air pollution control;

1 It is very encouraging that there are signs of chemical and biologszalvery from
acidification. It remains uncertain whether full recovery of biodiversity from adverse effects
of historic air pollution will be possible;

9 Further air pollution abatement will continue to reduce the threat to loss of biodiversity,
K26SO@NDySdy t2aa 2F O0OA2ZRAQDSNEAGEE:E GAff y2i
Gothenburg Protocol;

1 With full implementation of the revised Gothenburg Protocol, further benefits are expected
for ecosystem services such as air, soil and water quality and ocodpgdion;

9 Further air pollution abatement policies will enhance the resilience of biodiversity and
ecosystem services to climate change.

Policy recommendations

Based on this report, waake the following policy recommendatians

9 To halt biodiversity lags and adverse impacts of air pollution on human seling, policy
negotiations should take into account the benefits of air pollution control for ecosystem
services in addition to the direct benefits for human health;

1 More stringent air pollution abatemdrmmeasures beyond the revised Gothenburg Protocol
I N3 NBIjdZANBR (2 FOKAS@GS ay2 ySi t2aa 2F 0A2R;

9 The full benefits of air pollution abatement for ecosystem services (and hence human well
being) have to be assessed and weighed against the costom@ stringent air pollution
controls;

1 The effectsbased integrated assessment of policies that address driving forces of
SYGANRYYSyGlf A&dadzsSa 02dzZ R 6S FdNIKSNI olftlyoO
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1. Introduction

1.1 Ecosystem services i an introduction

The9 I NIIKQa S0O02aeaiSvya LINBGARS |y FNNre 2F aSNBAC
water, timber production,disease managemenajr andclimate regulation, aesthetic enjoyment and

spiritual fulfilment (Millennium Ecosystem Assessment, 0@ { @K & aBSY { SNIBAOS
currently grouped according to the benefits they provide to humans, distinguishing between
provisioning, regulating, supporting and cultural servidégyre 1.}. Provisioning services are the

products obtained from ecosystems, sugh food, fibre and wood/fuel. Regulating services refer to

the regulation of e.g. climate, water quantity and quality. Cultural services are themaberial

benefits people obtain from ecosystems through spiritual enrichment, cognitive development,
reflection, recreation, and aesthetic experiences. Supporting services are those that are necessary

for the production of all other ecosystem servic@hie role of biodiversity in ecosystem services is

often rather unclearly stated biodiversity is sometimesonsidered as a separate service and yet is

implict in most ecosystem serviceBhe concept of ecosystem services has arisen in response to an
increased need for making visible human dependency on nature and ecosystems, in order to ensure
sustainable managment and avoid irreversible damage to the ecosystems that ultimately will
damage human welbeing. Ecosystem services can capture a wider set of costs and benefits, not
traditionally valued in economic analysis.

Although humans are an integral part of egstems, the increased global population along with
increased standards of living and other sepdlitical, economigctechnological and societal changes,
mean that our interventions can have profound negative effects on the quality of the services
provided by ecosystemshence affecting human webeing Because ecosystems are complex
systems comprising animal, plant and microorganism communities together with thdiviag
environment (Millennium Ecosystem Assessment, 2005), these systems are inheoymhmic
whilst maintaining some intrinsic resilience to natural disturbancedowever, humasriven
changeshave become increasinglyorrying andthus Yl ye& 2F GKS 2 2NI RQa S02:
services they provide are now degraded, or vulnerable to degiadait a global level, it is
estimated that nearly two thirds of ecosystem services have been degraded in just fifty years
(Millennium Ecosystem Assessmgep005).

The additional stresses imposed by climate change will require extraordidaptation (Mooney et

al., 2009;Fu et al, 2013). Climate changs predicted to have both positive and negative effects on
key ecosystem services, the results being sector and scenario sgegjfié-orsius et al., 2013jor
example, in Finlanfbod and timber production would largely benefit from increasing temperatures
and prolongation of the growing season in the cool Finnish conditiafttough increasing
occurrence of factors such as fungal diseases and insect outbreaks were estimated to cause
increasing risks. On the other hand, climate change was predicted to pose a major threat to several
endangered and valuable species, water and air quality, and tourism services dependent on present
climate conditions. Goal conflicts between maximising serviproduction and meeting
environmental quality objectives were also identified. Controlled and spontaneous adaptation can,
however, reduce the vulnerability of the different ecosystem services and sectors to climate change



(Fu et al. 2013). The need founifying concepts, indicator development, and observation schemes
for global change monitoring and analysis have also been identified (Vihervaar22618).

Dt 20t G2EAFTAOIGAZ2Y O0AYyOf dzRA Yy 3 (Aguirhe) 2009)f tirenl A 2 v 0
drivers of ecosystem degradation, with the others being essguloitation of species, introduction of
novel exotic species, land use changes (principally habitat destructragmentation and
degradation), pathogen pollution and global warming(Mantyka-Pringle et al., 2012)
Indirect drivers of ecosystem change are associated with demographic, eagrsmuiepolitical and
cultural orreligious changesand advancements in sciee and technology. Stressed degraded
ecosystems do not have the resilience otind capacity of pristine/unstressed syste(Rapport

and Maffi, 2009) Furthermore, there is often a substantial tife between a change indriver

and the time taken to realize the full consequences @ttbhange in any given systeiEven more
worrying is that once a threshold is crossed, a system may alter to a distinctly changed and
sometimes irreversible new state. Careful managemenbwf ecosystems and the benefits and
services we derive from them are therefore vital for future prosperity and gerfaraian well-

being.

Human influence extends into even the remotest landscapes and more often than not has a
pervasive influence on the egpsems they support, frequently irreversibly changing biodiversity.
Whilst extinction rates of species are now estimated to be 1,000 times greater than historical
background levelgMillennium Ecosystem Assessment, 200EntykaPringle et al., 2012yecent

studies have identified linkages between changes in biodiversity and ecosystem functioning,
highlighting the importance of adopting a mudctoral approach to policy and decision making
(e.g. Maestre et al., 2012; Mace et al., 2R1R2uch an approadhlly evaluates changes in ecosystem
services and their impacts on humans and examines the supply and condition of each ecosystem
service as well as the interactions among them. Society needs to make difficult decisions regarding
its use of biological resirces and environmental valuation techniques provide useful evidence to
support polices by quantifyingoth the monetary and normonetary value associated with the
protection of resources. To support this drive, the Intergovernmental Platform on Bioitjvarsl
Ecosystem Services (IPBES) was established in April 2012 by 90 governments and acts as a global
mechanism for gathering, analyzing and synthesiiirigrmation to advise decisiemaking on
biodiversity and ecosystem servicéRedford et al., 2012)Further, possibilities for introducing
human manufactured substitutions are limited for many ecosystem services, especially for
supporting services. Therefore, preservation of functioning, and restoration of degraded systems is
paramount at this time inistory.

As shown irFigure 1.1 ecosystem services can be classified into provisioning, regulating, supporting
and cultural services. When considering impacts of one driver of change (in thigiicaskution), it
immediately becomes clear that impaais one service are linked to several and somes all of

the other servicesGomplex interactionshave been identifiedbetween the different ecosystem
processes as well as tratdfs between the ecosystem services (Forsius et28l13 Smith et al.,
2013. Becauseof such complexities and the growingsireto add an economic value to ecosystem
services, the final ecosystem services that provide goods of value to huraarm® considered to be
fAY1 SR 0@ da atdtBeQhdarpirniyigReco®dical pcdssegMace et al., 2012).



The links between nature and the economy are often described using the concept of ecosystem
services, or flows of value to human societies as a result of the state and quantity of natural capital
(Millennium Ecosystem AssessmgegB005 TEEB, 20)0Theobjective of theMillennium Ecosystem
Assessment(2005 conducted under the auspices of the United Natiowss to assess the
consequences of ecosystem chaader human welbeing and the scientific basis for actfon
needed to enhance the coasration and sustainable use of those systems and their contributions to
human welbeing.

Ecosystem services
ASupportingse wdzy R § NLIA v
(e.g. biomass production, soil
formation, nutrient and water cycling)
AProvisioning
(e.g. food, fresh water, fuel, wood)
ARegulating
(e.g. water purification, water and
climate regulation, pollination)

ACultural

(e.g. education, recreation, aesthetic

LIFE ON EARTBIODIVERSIT|

!

HUMAN WELBEING

Figure 1.1 Ecosystems services are the benefits people obtain from ecosystems. These include provisioning,
regulating, and cultural services that directiffect people and supporting services needed to
maintain the other servicedModified afterMillennium Ecosystem Assessment, 2005).

1.2 Biodiversity as an ecosystem service

Mace et al.(2012) showed how biodiversity is involved throughout the ecosystédnNit NOK&Y dl &
regulator of underpinning ecosystem processes, as a final ecosystem service and as a good that is
4dzo2S0G (2 Ol ftdad GAZ2Yy dE tkKSe& RSaAONAOGSR 06A2RADSN.
ASNIAOSa LISNBLISOGA D Sermis by &cbsiistanS&vicer ffowsddA ivmiasS &
GO2y aSNDI (A 2wherd ifivBVaIE Gigike@ B €onserving charismatic species. There are

many drivers of loss in biodiversity, with the increase in human population, especially in the last
century, having a profound influence by, for example, increasing the need for biomass for fuel and
construction, changes in langse towards food and fodder production, industrial and residential
developments, introduction of invasive species, pollution and clintdtenge. Species losses are
currently outpacing background rates calculatenfi fossil records (Millennium Ecosystem
Assessment2005) and it is widely recognised that the earth &gifig its sixth mass extinction
(Barnosky et al., 20)1 Some ecosystemare more resilient to change than others, with for

example, primary forests being more resistant to change than modified natural forests or
plantations (Thompson et aR009).Recently many have emphasised the importance of biodiversity

for ecosystem swices, for exampl@biodiversity enhances the ability of ecosystems to maintain

multiple functiong (Maestre et al., 201R 6species richness has positive impacts on ecosystem
services 0 DI YT St R S bioditefsitp decreasesithe wurreince ofdiseass through

9



predictable changes in host communi®y2 Y LIS (i (Sofirddh &t al., 20183ncréased biodiversity
enhances ecosystems services such as pollination and provide an opportunity to increase agricultural
yields whilst also benefittingvildlife¢ (Brittain et al., 203). It has been emphasized that many
ecosystem services ultimately depend on the variety of life forms that comprise an ecosystem and
that control the ecological processes that underliesatvices. Therefore, a solid understandirfg o

the linkageshetweenbiodiversity, ecosystem functioning and the production of ecosystem services

is paramount(Cardinale et al2012).

1.3 Examples of the global significance of ecosystem services

1.3.1 Carbon cycle and primary productivity

Annual ret primary productivity (NPP) is the net amount of carbon (C) captured by land plants
through photosynthesis. It is of fundamental importance to humans because the largest proportion
of our food suply is from plant productivityRecent estimates of theajpal NPP range from 19.6 g C
m?yrto 43.5 g C Myr* (PrietoBlanco et al., 2009 otal global CQemissions were estimated to

be approximately 8.7 + 06tC yr'in 2008 and were shown to have increased at a rate of 3.4% per
year between 2000 t®2008 (Le Quere et al., 2009Most of the C@emissions increase is from
developing countries (neAnnex B countries) where emissions have more than doubled over the
last decade. Shockingly, tropical deforestation is estimated to have released betwz&h (billion
tonnes)of CQ per year during the 1990s (i.e. 1525% of annual global emission§ibbs et al.,
2007) Despite the pressing need to reduce ,@missions, Le Quere et al. (2009) report a rapid
increase in fossil fuel G@missions since the 1990s and a dramatic increase ktg@ta emissions
since the early 2000s. Although around 55% of all anthropogenie@idsions are absorbed by land
and ocean sink@-riedlingstein and Prentice, 201@)large quantity remains imé¢ atmosphere.

World forests are a vital component in the glole@rboncycle as they sequester and store more
carbon than any other terrestrih ecosystem and are therefore anajor natural sink for
anthropogenic emission&ibbs et al., 2007 For exampletotal global forests sequesterdlG CQ
annually, with temperate and boreal ecosystems sequestedibg@ CQ of this amount(Pan et al.,
2011) European forests contribute around 10% of the global sequestratiaradfonwith Norway,
Finland, Germanyand Sweden having the greatest potential for ,@@pture due to the large
forested areas. Further, managed forests generally sequestdsonat a faster rate than natural
forests(Pingoud et al., 2010Any factor that increases primary productivity @mtperate and boreal
forests is likely to increase foresarbonsequestration; conversely any factor that negatively affects
primary productivity will reduce G@equestration.

The CQ@taken up by vegetation will be sequestered in the shorter or longen tie plant material or
soils.Soils are the largestarbonreservoir of the terrestriatarboncyck. Worldwide, they contain
three to four times more organicarbon(1500 Gt to 1m, 2500 Gt tav2depth) than vegetation (610

Gt) and twice or three times as mudaarbonas the atmosphere (750 GBRatjes and Sombroek,
1997).Carbonstorage in soils is the balance between the inptidead plant material (leaf and root
litter, decaying wood) and losses from decomposition and mims@bn of organic matter
(heterotrophic respiration). Under aerobic conditions, most of tAebonentering the soil returns to

the atmosphere by autotrophic root respiration and heterotrophic respiration (together called soil

10



respiration).Under anaeroli conditions, resulting from constantly high water levels, part of the
carbonentering the soil is not fully mineralized and accumulates as peat.

1.3.2 Water cycling

Water is essential for life on Earth and supports all other ecosystem processes. Hateanse has
increased drastically over the last 50 years and is now doubld $86 valuesMost of this water
(70% worldwide) is used for irrigation of crops. Estimated mean annual globalslafate
evapotranspiration from vegetation is approximately & 3 x 16 km® per year, with forests,
grasslands and crops accounting for 29 Xki@’, 21 x 16km®, and 7.6 x 10km’®respectively(Jung

et al., 2010; Oki and Kanae, 2008hy factor that acts to alter evapotranspiration will have potential
effects on local/regional microclimate/climate and soil water status/hydroldByyth and Harding,
2011) Most of the water transpired by plants passes throughldad stomata) pores, the diameter
of which is in turn modified by external climatic and edaphinditions such as light, temperature,
soil moisture, and carbon dioxid€Q). Consequentlytranspiration processes impact on the global
hydrological cycléLombardozzi et al., 20)L2Hfects ofair pollutants such aszone on transpiration
can be either psitive or negative depending on species, episodic/background ozone characteristics
andsoilwater availability(Mills et al., 2013)

1.3.3 Nutrient cycling

Nitrogenis a vital element determining the diversity, dynamics and functioning of many ecosystems.
Numerous natural ecosystems have relatively low levelsnibbgen availability, for example,
nitrogendeposition in the absence of humanfluence is typicallgbout 0.5 kg N h& yr*, whereas in

many areas of the worlaitrogen deposition rates now exceed 1@ KN hd yr', and are often
higher. Alarmingly, ly 2050nitrogen deposition rates could reach 5@ KN ha yr* in some regions
(Galloway et al., 2008)Tte two main anthropogenic drivers dafitrogen loading into natural
(ecosystems are agriculture practices and combustion of fossil fuels. Estimations surmise that more
than half of all synthetioitrogenfertilizer ever used on the planet has been used sih885, and as
such, humans have doubled the flow of reactive nitrogen within natural andmeate ecosystems.
Worryingly, thisnitrogen burden is anticipated to increase by a further 66% by 205Mgivhium
Ecosystem Assessmen2005). Oxidized nitrogenoncentrations in the atmosphere have also
increased dramatically during the last 100 years, largely arising from combustion soliotaks.
reactive nitrogeris now estimated to bgreater than0.187 Mt yr* (formally0.015 Mt yr'in the late
MYynnQaos ¢gAGK Fo2dzi T m3: | NRAGalghay eFaN,R003; El@EvRY el INP R dz
al.,, 2008) Unsurprisingly, both these anthropogenic sources have increased the cycling of
fixed/reactive nitrogen through ecosystems and ahged species composition and ecosystem
dynamics globally.

1.4 Working Group on Effects and International Cooperative
Programmes

Established in 1980 as one of the working bodies of the Convention onrangg Transboundary

Air Pollution(LRTARYhe Workng Group on Effects of Sulphur Compounds, later the Working Group
on Effects (WGE), started its activities with the first meetmd@981 in GenevaOver the last 30

years the WGE has contributed to the demonstrable improvements the Convention has achieved,
e.g. in reducing acidification of ecosystems, reducing the highest peak levels of ozone and the albeit

11



considerably smaller reduction of emissions of nitrogen compoundslngrnational Cooperative
Programmes (ICPs) and a Task Force on Health Effects of Air Pollution (Task Force Health) form the
WGE. Their work covers a variety of receptors (forests, surface waters, vegetation, materials and
people) andactivities (moniteing, modelling, mapping, scenario analysis and policycaglvirhe

WGE addresses many interlinking environmentasuey Yy A GNRB ISy Sy NROKYSy
acidification, groundlevel ozone pollution, particulate matterimpacts health effects, corrsion,
contamination by heavy metals and persistent organic pollutabtsnsequences for biodiversity and
interactions with climate change are also high on the agerddoint Expert Group on Dynamic
Modelling supports exchange of research between dynantidetiing efforts of the ICPs.

The following ICHsavecontributed to the current report:
1 ICP Vegetatiorhftp://icpvegetation.ceh.ac.uk
1 ICP Modelling and Mappingtfp://www.icpmapping.org andthe Coordination Centre for
Effects fittp://www.wge-cce.org
1 ICP Watershftp://www.icp -waters.ng
1 ICP Integrated Monitoringh{tp://www.syke.fi/nature/icpim)
1 ICPForest (i i LYK KAOQLINF2NBaGaodySi
The Joint Expert Group on Dynamic Modelling also contributed to the discussions.

Current activities and future challgasof the WGE include:

w Perform longterm monitoring of air pollution impactsn widespread networks across the
UNECE region and case studies at plots and catdisréth intensive measurements;

w Provide information on the degree and geographic extent of impaétair pollutionon
human health and the environment;

w Demonstrate relationships betweeroncentratiors of air pollutantsand effectson human
health and the environmentising policy relevanindicators;

w Conduct scientific research on demesponse functions to establish acceptable threshalls
air pollution for ecosystemé WONAR G A OF f f 21 Ra IyR fS@StaqQoT

w Apply models to evaluate the success of air pollution abatement policiesms of bewfits
for the environment and human healind assess the impacts of future emission scenarios

1.5 Aims and structure of this report

The concept of ecosystem services has arisen in response to an increased need for making visible
human dependency omature and ecosystems, in order to ensure sustainable management and
avoid irreversible damage to the ecosystems that ultimately will damage humasb&iatj. The aim

of this report is to provide examples of how air pollution control is of benefit to estesy services

and biodiversity.lt is not an exhastive review of the literature bumore a compilation of the
present knowledge used to provide polimlevant information by the WGEThe benefits of
reducing nitrogen enrichment of the environment and tfermation of groundievel ozone for
biodiversity, particularly plant diversity, are being explored in Chapter 2. Subsequently, examples of
the benefits of air pollution control for ecosystem services are described in Chapter 3, followed by a
discussion onthe valuation of ecosystem services in Chapter 4. Conclusions and policy
recommendations are providkin Chapter 5.
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2. Impacts on biodiversity

2.1 The revised Gothenburg Protocol contributes to reduction of
harmful nitrogen effects

Terrestrial @trophication continues to be a serious thret European ecosystems. In 19&0itical
loads of nutrient nitrogernwere exceeded in about 6% of the European area (80 in the EU27),
which is expected to decreasw around 42% 2% in the EU27) in 2020 under thevided
Gothenburg Protocol(RGP2020Figure2.1a). Whilstthe area at risks remairing high, the average
accumulated exceedand®AE showsa significanteductionbetween 1980 and 2020~{gure 2.1h.
This reduction may delay effeats biodiversity, but will stand in the way &fll recovery.

a) Area at risk of eutrophication b) Excess eutrophication
100 700
600
’\5 80 /\
< <500
o >
£ 60 /\ £ 400
3 T
& 40 =300
8 ——EU-27 < 200 [—EU-27
< - -
20 Europe 100 Europe
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Year Year

Figure2.1  Trend between 1980 ang020(Revised Gothenburg Protocalf a) the area where critical loads
of nutrient nitrogen are exceedeénd b) the Average Accumulated Exceedance (AAE) for
eutrophication in the Et27 and in Europe

The trend between 1980 and 2020 of the distribution over Europe of areas where critical loads fo
eutrophication are exceeded confirms the continued stress to European ecosysterGsntral
Europe in particularKigure 22). Thebroad CentraEuropean area of high exceedances in 1984 (
shading) is markedlyeduced in 2020but still occus in wegern France and the border areas
between he Netherlands, Belgiurand Germany as well asn northern Italy.The countryspecific
trend since 1980 of the area at risk of eutrophication is summarized in Annex Ihyipwthetical)
implementation of maximum technically feasible reductio@FR) of emissions of acidifying and
eutrophying pollutants would yield a further increaseaséas that are protected, whilsgtreas with
high exceedances of critical loads would furthezcbase Figure 23). However, even wnder
maximum (technically) éasible reductiors of nitrogen emissions, the deposition of nitrogen
continues to put a large area at risk, implying that the potential of technical measioaeis not
sufficient to achieve noexceedancef critical loads for eutrophication.

'The Gothenbur g protocol has been revised in 2012 under the LRTAP
pollutants emissions are decreased from 2020 according to the conditions agreed under the revised Gothenburg Protocol.
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Figure2.2  Areas where critical loads for eutrophication are exceeded by nutrient nitrogen depositions
caused by emissions between 1980 and 2020, the last projected under the Revised Gothenburg
Protocol (RGP)

a) b)

Figure2.3  Areas where critical loads fai) acidification and) eutrophication are exceeded Isulphurand
nitrogen depositionsinder themaximumtechnically éasiblereduction(MFR) enissionscenario

2.2 Low nitrogen deposition enhances plant species diversity

This sectiorprovides two examples of #@ntative assessment on broad natural scales in Europe of
adverse effects of nitrogen deposition on plant species diversity. The chdrspedes richness has

been assessed by applying computed European nitrogen deposition on a European scale to available
dose response relationships for selected habitat classes. These relationships have been taken from
experimental nitrogeraddition studies (for an overview see Bobbink and Hettelingh, 2011), as well

as from a European gradient study (Stevens et al., 2010a,b)
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