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Introduction

1. The presentlocumentwascompiled by the Chair of the Working Group on Effects
and the Chair of the Steering Body to the Cooperative Programme for Monitoring and
Evaluation of the Longange Transmission of Air Pollutants in Europe (EME&jed on the
science information provided e Extended Bureauof the Working Group on Effects

and the Steering Body to the Cooperative Programme for Monitoring and Evaluation of the
Longrange Transmission of Air Pollutants in Eurd@e the perspective of the review of the
Protocol to Abate Acidification, Eutrophication and Grodedel Ozone Gothenburg
Protocol) as amended 2012, initiated by the Executive Body with its decision 2008#4.
documentaims at synthesizing a detailsdrveyof tools, outcomes and results achieved in
the framework of the Convention for supporting policy decisiomplementation of the
Conventionprotocols and assesg their efficiency.

2. The Gothenburg Protocol is based atience knowledge to deriva multk
pollutants/multieffects approach, which sets national emission reduction objectives to
reduce acidificion, eutrophication and environmental and health effects of air pollution
(including grounelevel 0zon€0s) and fine particulate mattéPM s). Emission inventories,
atmospheric pollution and deposition measurement and moddtingutrophying and
acidifying compounds, ozone and fine particulate magtiéects monitoringacidification,
eutrophication, impacts of ozone on vegetation, cropgshaman health and health impacts
of PM) and modelling are the core activities of the task forcestnati®nal cooperative
programmes and EMEP cergs. A unique frameworkas beermplemented in thé&nited
Nations Economic Commission for EuroffeCE) regon to collect data in those various
fields that allows asses&nt ofimpacts and trends of air pollution and its effects and
measurment of the benefits of current policies antiettargeting of areas (sectoral,
geographical) where additional efforts aeeded.

3. The status of current knowledge is reported in this document to illustrate the
statementgontaired in the report on the review of tiRrotocol to Abate Acidification,
Eutrophication and Grounével Ozoneas amended in 20{ECE/EB.AIR/2022/3).

Emissions

4, Complemerning the emissiongrends (including blackarbon(BC)) detailed in the
report on theGothenburg Protocakeview, as amended in 201this section containsiore
information about the inventory and reporting processed onthe quality assurance
principles ensung thereliability and relevance of the data for science and policy support:
comparability, completeness, consistency, accuracy and transparency.

5. Settingup a robust scientific framework to support emissions inventory activities and
emission reporting it majorEMEP programmechievementlinking science and policy
since emissions inventories are essential as inputs forllmgdactivities and to assess
compliance with theemissions ceilingobligations arising from theprotocols to the
Convention

6 The EMEPEuropean Environment AgenciIEA) air pollutantemissionsinventory

gui debook (At he G uar dfetlisoaztiviy, )providirsy cdmiprehengivie |
information on makingair pollutant emission estimates. The technical scope of the
Guidebook remains focused on including methodologies for pollutants included in
Conventionreporting commitments and the sources relevant tocthmtries within the

Comprising: the Bureau of the Working Group; the Chairs of the international cooperative
programme task forces, the Joint Task Force on the Hetithts of Air Pollution; and
representatives of the international cooperative programme centres

Comprising: the Bureau of the Steering Body; the Chairs of the Cooperative Programme for
Monitoring and Evaluation of the Lorginge Transmission of Air Hatants in Europe task forces;
and representatives of Cooperative Programme for Monitoring and Evaluation centres

3 Available athttps://unece.org/decisions
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Conventionbés geographical e x t zmaworldwittecawa v e r , t he
key reference manual for supporting air quality pollutant emission inventories

7 National emission inventories are reportethuallyby Partieswhich alsoproduce
informativeinventoryreporsdescribing assumptions and content ofrthBonalinventories.

For most of them, methodologies are generally in line witR@i®Guidebook and reporting

is, in most casesn line with theGuidelines for Reporting Emissions and Projections Data

under the Conventio(ECE/EB.AIR/125. Evaluation of emission inventoriespgrformed
accordingtoathreet age approach, st age 3 -dbeepitrhgd tpheeermo st
review), performed by nationa@missionexpers (selected fronaroste).

8. Completeness of reportirttas improved significantlin recent years, with 47 Parties
submitting inventories in 2022. However, submissions from 9 Parties were incomplete, and
9 Partes did not provide amformativeinventoryreport.Coverage of reporting Partiéms
increased over thgast years to 9ger cenfseefigure 1below).

Figure 1
Status of reporting (as of 18Vlarch 2022) overpast 20 years
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9. Completenesgemainsan issudsee figure 2 belowkgither becauselataaremissing
datasets for all priority pollutants are incomplghell time series are not providgatr activity
dataarenot properly documented.

4 The Guidebook has also been translated into Russimnprove accessibility to inventory compilers
in the United Nations Economic Commission for Europe (ECE) region.
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Figure2

Number of Parties reporting emission data for various groups of pollutants (201@021)
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Timeseries consistency is a question still frequently found in anrugpth reviews.
Usually, the early years of the tinseries are concerned, aretalculations are often not
applied consistently over the years. Tiggies consistency of reported data can be checked
via annually updated data viewérs.

Generally, accuracy is better for main pollutants and £van forHMs andPOPs
A frequentissue related to accuracy is use of tier 1 methods for a key category. The key

element to ensimg good transparency of inventories is ganfibrmative inventory repost

However, nine Parties did not provideiaformative inventory repoiin 2021 fewerthan in

previous years.

12.

in the

All emissions inventories bear uncertainties. Given that emissions inventories form
an important basis for air pollution abatement, it is important that these uncertbaties
estimated. Uncertainty informatioshould thus form part of every emission inventary
Furthermore,the Guidelines forreporting emissions and projections data under the
Conventionrequire that i P a r shall guantify uncertainties in their emission estimates
using the most appropriate metlologies available, taking into account guidance provided

E ME P/ E EHdwe@y, lesk ¢hbnohalfkobthe Parties to the Convention
reported uncertainty estimates in their inventory submission in 2021. Usually, Parties report
the uncertaintyfor total emissions and emission trends. The availability of uncertainty

estimates has increased in recent yedtisough progress has been slow.

13.

5 Seewww.ceip.at/dataviewer.
6 ECE/EB.AIR/125 para. 31.

7 SabineSc h i
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The tablebelow shows that there is a substantial range in uncertainties reported by
Parties for most glutants. It is likely that part of this wide range is due to real differences in
the uncertainties of inventories and that also part of the range is due to onder
overestimation of the real uncertaintidoreover in some caseshe recalculations obsved

in the past years are higher than the indicated values of the uncertainty would.5uggest

Mdncertdindes and @ecaldulat®esroh h a r d

emission inventories submitted under CLRToABentre on Emission Inventories and Projections
(CEIP) Technical ReporiNo. 01/2021(n.p., 2021).
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Analysis of the uncertainties provide with emission data (2021 submission)

Uncertainty range Number of Parties Uncertainty range  Number of Parties
reported by Parties for  providing reported by Parties providing
national total uncertainty estimatefor emission trend  uncertainty estimat
Pollutant (Percentagg for national total (Percentagg for emission trend
NOx 8.559 19 1731 19
NMVOCs 15112 19 1.832.2 19
SO 5147 19 0.21103 19
NH3 9.5143 19 3.11364.8 19
PMz.s 9.96 96.6 17 31140 18
BC 27.11 302 7 3.1 67 7

Source:Centre on Emissions inventories and Projections
AbbreviationsNHs, ammonia; NMVOG, nonmethane volatile organic compounds; \@itrogen
oxides; SQ, sulfur oxides.

14. In the reviewparticular attentiomvaspaidto shippingi nowadays, anajorsource of
air pollutants. ThreeNomenclatureFor Reporting NFR) categories concershipping
emissions NFR 1.A.3.d.i(i)) (International maritime navigation NFR 1.A.3.d.i(ii)
(International inlandhavigation); andNFR 1.A.3.d.ii (National navigation (shipping))NOx
emissions from internationaharitime shipping are projected to remain approximately
constant or decrease slightly in absolute terms ovetwasty-first century, depending on
assumptions about growth in international tradews®lof emission control technology. The
share of global shipping NGas a proportion of global anthropogenic NE@missions
(currently about 3@er centis projected to varfrom 10i 60 per cenby the end of theurrent
century depending on the effectiwsms of lanebased NQemission control. In the transport
sector, aviation could also be better estimated (like shippimgvertheless, it jsby
definition, a fi cbroousnsd ar y o source t Howelver, a sentrditednt er nat i on al
approach to investigaig this item would certainlye prefemble, since there is a risk that
compilation bottom up from each Partyould result in gaps, data of variable quality, and
generally an inconsistent dataet.

15. Lasty, in terms ofinvestigating future emission reductions commitments, considering
sectors for which methodologies and data were supposed to be too uncertain to be mandatory
would be certainly relevant. Thus, N@nd NMVOC sources from agriculture activities
could be betr describedn the reported inventorign the future. Emissions from livestock

and manure activities can be reasonably estimated in national emission reports.
Methodologies and emissions factors have been updated in tdst Varsions of the
Guidebook. Emissions from agricultural soils and crops are neither mandatory in the
reporting process nor taken into account for national compliance checking. Uncertainties are
still high, but considering potential future improvemanthe description of those antipic
emissionon one sideand their potential contributiomn the other side, it seems relevant to
include them in future reporting processes.

Atmospheric monitoring and modelling

16. The monitoring strategfor EMEP for the period 202@029(ECE/BEB.AIR/2019/4

setsup a network dedicated to measurement of background air pollution (concentrations and
deposition) in rural areas to catch transboundary fluxes. The network is operated by national
experts in the Parties and coordinated and managed l§h#maicalCoordinaing Cente.

The EMEP modelling framework includes chemidiignsport model development
including most recent knowledge about air pollution mechanisms and production of
modelling results (assessment maps, setgceptor analysis, scenario runs) that supp
science and policyThe EMEP monitoring network and EMEP model development have a
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long historythat allows for consistent trenénalyss for records going backiore than 20
years. Such results are presetielow?®

Ozone

17. Osis a secondarpollutant,andits observed trends reflect meteorological variability
to a much greater extent than trends in precursor compdbhésrved trends i@; pollution
are largely dependent on the metric considevath large variability betweentrends in
annual mean concentrations anehds forother metrics relevant to healBOMO35) and
ecosystem exposure, or most intense p&akbe trends are also notably different when
considering a diversity of monitoring station typology and geographical @reads are
affected by titration effects, in which decreasingd@issions can increas®, especially

in wintertime.Over theperiod2000 2018, annual mead; increased as much as fidr cent
whereas a slight decrease §8r cent was observed in rurahreast! Such a difference
between station typology is driven by the titration effect: the sumzeINO, declining by 2
per cenand13 per cenffor urban and rural sites, respectively.

18. Trends in summertime £and metrics of highed; (maximum daily averag®-hour
concentrationsum of mean over 35 parts per billio(BOMO35, are stronger and clearer
than those in annual data, though -$itesite variability is largé? Using stringent data
capture criteriamnedian trends in daily maximu@®s during JunéAugust wered.6 parts per
billion per year ppb/yn at EMEP sites (EMEP mode).4 ppb/yr). Observed trends showed
much more variability than modelled trendsth observed trends being more affected by the
high Os summers of 2003 and 2006 in some regions.

19. Ospeaks decline systematically (by fadr cenand6 per centt rural and urban sites,
respectively), but this range of decline can be considered limited negéne -47 per cent
and-54 per centthanges for NMVOC and NGmissions, respectively, over the same time
period. This discrepancy expressed in relatreads is largely influenced s mitigation
strategies only effectively reducirigin excess of a certain natural burdidrat remains
difficult to estimate.Additionally, these trends for the period 20@018 are still largely
influenced by the outstandjr003 and 2006 years, even foD; peaks Os; peaks tend not
to show any significant declines for the years {2817, except inSouthern Europe.

20. Such conclusions are illustrated by figure 3 belahich preserst thelowest and
highest percentiles dD; trends over the last 20 years for North and South areas (over and
below 49°N). Increasing tresdr stable trends are shown for the lowest concentrations levels
when slight decreasing trends are observed and modelled (tha@kgitecursors emission
reductions) for highest percentiles, especially in the South. Observed and modelled trends
are reasonably consistent.

10

11

12

For more details sdeEMEP Status report for 2022 (forthcoming) and
EMEP_Status_Report_1_2021.pdf

Sum of means over 39p (ozone)

Seelink:
https://unece.org/DAM/env/documents/2016/AIR/Publications/Air_pollution_trends_in_the_EMEP_r
egion.pdf

These trend estimates are upddtedhe period 2002018 using the methodology published in a

report focusing on the period 2Q@D17 (to be further updated in summer 2021 for the periodi2000
2019), available atttps://www.eionet.europa.eu/etcstatai/products/etatnireports/eteatni-
report16-2013-air-quality-trendsin-europe2000-2017-assessmesfor-surfaceso2no2-0zonepmi1G
andpm25-1.

Kai-Lan Changand othersi Re gi onal trend analysis of surface
net works in eastern Nort lElerena Sdewca of theeAmthroppcene a n d
vol. 5, art. 502017).

oOzone [0

East

Asi


https://emep.int/publ/reports/2021/EMEP_Status_Report_1_2021.pdf
https://unece.org/DAM/env/documents/2016/AIR/Publications/Air_pollution_trends_in_the_EMEP_region.pdf
https://unece.org/DAM/env/documents/2016/AIR/Publications/Air_pollution_trends_in_the_EMEP_region.pdf
https://www.eionet.europa.eu/etcs/etc-atni/products/etc-atni-reports/etc-atni-report-16-2019-air-quality-trends-in-europe-2000-2017-assessment-for-surface-so2-no2-ozone-pm10-and-pm2-5-1
https://www.eionet.europa.eu/etcs/etc-atni/products/etc-atni-reports/etc-atni-report-16-2019-air-quality-trends-in-europe-2000-2017-assessment-for-surface-so2-no2-ozone-pm10-and-pm2-5-1
https://www.eionet.europa.eu/etcs/etc-atni/products/etc-atni-reports/etc-atni-report-16-2019-air-quality-trends-in-europe-2000-2017-assessment-for-surface-so2-no2-ozone-pm10-and-pm2-5-1
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Figure 3

Trends in annual percentiles of daily maimum O3 from 2000to 2019 for Cooperative
Programme for Monitoring and Evaluation of the Longrange Transmission of Air
Pollutants in Europe observations and model calculations for sites north of 48l

(first and third rows) and sites south of 4N (second ad fourth rows)
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Sulfur and nitrogen compounds

21.

Annual average concentrationssoifur dioxide(SQ) and particulate state, and wet

deposition of oxidized sfur, hare been declining since the 1980s. At EMEP background
sites, the changes from 20@02018are,on average-4 per centyearfy), -2.9 per cenly and
-3.3per cenly for SO, particulate stdiite and wet deposition of oxidized fsul| respectively
(EMEP modelesults:-5.3 per cenly, -4.0 per centy and-4.5 per cenly, respectively. This

is quite in line with the reported 9Qder centdownward trend in emission over tperiod
2000 2018within Europe and the influence of transcontinental transport is ndgligib

22.

From around 1990 onwards, total emissions of N€xlined significantly in Europe,

followed by declining nitrogen dioxid@NO,) concentrations and total nitrate (nitric acid plus
particulate nitrate) in air and reduced oxidized nitrogéndeposition at EMEP background
sites. From 20060 2018, average reductions at letegym EMEP background sitegere-1.5
per cenly, -1.9 per cantly and-1.7 per ceny for NO; concentrations, particulate nitrate and
wet deposition of oxidized\, respectively (EMEP model result2.3 per cenly, -2.3 per
centy and-2.4 per cenly, respectively. The trend in observed N@37 per centand 28per
centdecline at rural and urban sites, respectivelyhasvever much lower than the reported
decline in European emissio(&b per cent.

23.

Only modest reductions of ammonia emissions have been achieved since 2000

compared to other pollutant€onsequently ammonium in precipitation has declined
marginally (median of0.08 per cenly from 2000to 2018 at longterm EMEP sites).
However, formatn of particulate ammonium in air depends on the availalmibityonly of
ammonia, but also of nitric acid (formed from N@ndsulfate (formed from S¢). With

large reductions in SGand NQ emissions during the last decades, ammonitia large
extert, in excess and the availability of nitric acid asdlfate limitsammoniaformation,
resulting in a decline of ammonium in air, oh average-2.8per cenly at long term EMEP
sites. Total reduceN in air (ammonia + particulate ammonium) is reduced (e per centy

from 2000to 2018) as a larger fraction of total redudéfeing ammonia (but with a shorter
lifetime than ammonium aerosol). The majority of sites for ammonia in air show no
significant trendFigure 4 below synthesizes those conclusions

Figure 4

Observed and modelled trends ofsulfur and nitrogen compounds, compared to
emissions trends first and fifth columns) for atmospheric concentrations and wet

deposition over theperiod 2000 2020
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Particulate matter (PMioand PM2.5)

24.  Since 2000, there ka been significant reductions in RMand PM s (on average

1.7 per cent/yand-2.3 per cenly, respectivelyat EMEP longterm observatioal sites, and
slightly more in EMEP model calculation®(0per cent/yand-2.6 per cenly, respectively.
Secondaryinorganic aerosol (particulatesulfate, nitrate and ammonium) has decreased
significantly since2000, withsulfate showing the largest decrease £SQ.9 (-4.0) per
centy, NOs:-1.9 (2.3) per centy, NHa: -2.8 (2.9) per centy, EMEP model in parenthesis).
For the natural components (st and dustfewerlong-term observational sites existich
only afew of them show significant trendBhe trends of P and PM sexceed the rate of
change in emission of primary PM thanks to the additional effect of mitigation measures
targeting the precursors of secondary PM. Fop Ptile average observekkcline is-31 per
centcompared te19 per centchanges in emissions (figurebBlow).

25. For carbonaceous aerosol there are very few sites with-téwnmg consistent
measurements. Figureb@lowshows trends for thghorter perio®010 2019. Itshows a 4

per cenlyr decrease in elemental carbon since 2010, indicating a reduction from
anthropogenic sources, whereas trends in organic camaegmore) influenced by natural
sources, andrethus more difficult to assess. Seasonal variability iseguigh for organic
carbon showing a quite large decrease in winter (not caught by the model) and more stable
trends for the other seasons.

Figure 5
PMioand PMzsobserved and modelled trends over thperiod 2000 2020
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Figure 6
Organic carbon and elemental carbon observed and modelled trends over the 2010
2019 period
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Focus on marine areas

26. According to Meteordogical Synthesizing Centtd/est MSC-W) model
calculations, deposition of oxidized to the Baltic Sea decreased by (8t centbetween
1995 and 2018. The decrease in deposition of redddednuch smaller (9¢er cen}, while
total N deposition decreased by ®&r cent mainly due to substantial reductions in NO
emissions from landbased sources and shipping. For @anventionfor the Protection of
the Marine Environment of the NortBast Atlantic (OSPARJ)egions covering the North Sea
and parts of the North Atlantic, the decrease in oxiditeder the same period amoedto
44 per cent However, reducedN depositiondid not decrease’ there were even slight
increases in some OSPAR regions. A stadyfuture (2030) effects of the Gothenburg
Protocol (andthe EuropeanUnion National Emissioa reductionCommitmens (NEC)
Directive’® was conducted forthe Baltic Marine Environment Protection Commission
(HELCOM). According to MSEW model results, oxidized and reduddddepositions in
2030 will be lower by about 5per centand 14per centrespectivelywith respect to 2005
values. The results from thesalculations are summarized in MSK reports for OSPAR
and HELCOM and in Gausand others(2021)!* Together with waterborne input, the
Maximum Allowable Input oN to the Baltic Sea is still exceeded as of 2617.

27.  According to MSGW model results, degsition of oxidized\ on the North Sea, the
MediterranearSeaand the Black Sea decreases by6Bcent 28 per centand 20per cent
respectively, over thperiod2005 2030.Deposition of reducedll decreases by lier cent
(North Sea)and 5per cent(Black Seg respectively, while in the Mediterrane&eait
increases slightly over thgeriod2005 2030, despite (minor) ammonia emission reductions
in the EuropeanUnion.

13 Available athttps://euflex.europa.eu/legal
content/EN/TXT/?uri=uriserv:OJ.L_.2016.344.01.0001.01CGRbc=0J:L:2016:344.TOC

“Michael Gauss and others, i Ai r bRasttneads,squrcer ogen depositio
allocation and future projectioasAtmospheric Environmentol. 253 (15 May 2021).

15 Baltic Marine Environment Protection Comnias( H E L C Ollputs of futrients (nitrogen and
phosphorus) to the sdbasins (2017) Key messageo, HELCOM I ndicator s, HELCO
indicator report (n.p., 2019).
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Hemispheric transport of air pollution

28.  The intercontinental contribution to groutel/el Os is larger than the intercontinental
contribution to PM or its components due @0 s |l onger at mospheric
concentration ofO; experienced at any given location is the combinatio®ofind Os
precursors transported from distant sources on hemispheric to regional scales and, depending
on the photochemical regime, local photochemf@alproduction or localO; loss due to

titration with nitrogen oxide Reduction in emissions @J; precursors ithe ECE region has

led to a reduction in peak, shaerm grounelevel Oz concentrations associated with local
photochemical production, especially in summertime. Reduction qfedilssions has also

led to a reduction in the titration @ by nitrogen oxde, leading to higher concentrations of
groundlevel O3, especially between autumn and spring, at rAiighé, and in Europe. Both

effects have increased the relative influence of backgroOsdincluding Os; from
hemispheric transport, on local concentnasi@f Oz experienced in urban areas of the ECE
region, especially in Europe.

29. Peak groundevel Os; levels in Europe and North America have decreased
significantly since 2000, but trends for annual avef@gkevels are mixed, with increases at
some siés and decreases at others. Avef@gtevels in the free troposphere above Europe
and North America, as measured by aircraft, have continued to inckdssehere irthe
world, both peak and annual average levels of grdewel O; have continued to inease,

as haveDs levels aloft as measured by aircraft.

30. The mixed or weak trends in annual aver&dgelevels belie opposing trends in
different seasons. In Europe, in wintere@mbefJanuaryFebruary and spring (Mrch
April-May) some siteexperienced weak increasing trends and others weak decreases. In
summer (UneJduly-Augus), however, most European sites had strong decreases over the
period 20002014. In autumn (&tembetOctoberNovembe), most sitesawno trend or a
weak decrease. INorth America, winter (BcembetJanuaryFebruary groundlevel Os

levels increased over the period 20014 and summer @deJuly-Augus) levels
decreased. Trends in spring and autumn were mixéa many sites showing no significant
trendst®

31l. This doserved trend in groundvel Os; and its impacts cannot be explained
completely by precursor emission trends in Europe and North America. Downward trends of
Os precursor emissions in Europe and North America since around 1990 appear to be at least
partially offset by increasing NCand VOC emissions outside tBEEregion and increasing
methaneemissions globally.

32.  The contribution of anthropogenic emissisources outside theCE region to PM
species and their associated impacts withirEl6& regionarenegligible compared with the
impact of local anthropogenic sources. Wildfires and wblwivn dust emanating from
outside the ECE, however, do influence RMdls and deposition in the ECE region and are
sensitive to changes in climate.

33. If NOx and VOC emissions were reduced everywhere by the same percentage,
emission reductions outside of Europe would have a bigger impact on Eu©pleaels

than emis@in reductions within Europe. For North America, equal percentage emission
reductions of N@ and VOC outside of North America would contribute significantly to
decreases dDs; in North America, but not more than if the equivalent percentage emission
reductbns were made in North America itself.

34. Due to the long lifetime of methane in the atmosphere, methane is well mixed.
Decreases in surfad@; arising from methane emission control are largely independent of
source location; i.e. equal reductions in nagte emissions in different regions will lead to
similar reductions in background groutevel Oz in a given location. However, the local
response to global methane reduction is stronger in locations where locahi&3ions are

high andO3; formation is VOGlimited.

16 ChangfiRegi onal trend analysiso.
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V.

Effects onhuman health, materials andthe environment

Human health

35. The Joint World Health Organization (WHO)/Convention Task Force on Health
Aspects of Air Pollution brings together enviroantal and public health experts representing
Parties to the Convention. In 2015, a regottittedResidential heating with wood and coal
Health impactsand policy options in Europe and North Amerizas presentetl which
summarzed evidence linkingvood/coal heatinggmissions to serious health effe¢sg.,
respiratory and cardiovascular mortality and morbjditWwoodcoal burning also enst
carcinogenic compounds aneéach year an estimated 6000 premature deaths are
attributéble to ambient air pollution from residential heating with wood and coal in Europe,
alongsidean additional 10000 attributable deaths in North America. The report concluded
that it would be difficult to tackle ambient air pollutievithout addressing wooldiomass
heating as a major source of harmful air pollutants, especially PM.

36. Landmark WHO global air quality guidelinesere published in 20218 providing
guantitative healthbasedevidenceinformed recommendations for air quality management,
expressed as longr shortterm concentrations for several key air pollutants. The new WHO
guidelines provideair quality guidelinelevelsfor PM;s PMig, Os, NOz, SO and carbon
monoxide, and interim targets, as well as good practice statements about several types of PM,
such as black/elemental carbon, ultrafine particles and sand and dust storms. Ultimately, the
g ui d edoalis te guide policies and actions tophedduceair pollutantlevels in order to
decrease the enormous health burden resulting from exptsaie pollution worldwide,
including in the ECE region.

37. For PMs, mortality (premature deaths) estimates are available based on the WHO
global ambiat air quality database; the most recent estimates are based on 2016 data and
include disability-adjusted life yeargstimation. The estimates of premature mortality and
years of life lost are available frofBEA report$®. There has been a trend of reduced
attributable deaths driven by decrease imir pollutants, but there still peaks in some
locations, for examplefor NO; in areasnearto traffic. The demographic data and life
expectancy data are from Eurostat and the mortality data from WHO; the expesponse
relationship and the population at risk follow recommendations from the Health Risks of Air
Pollution in Europe project.

38. Regardng other health metrics, a project has been initiated to deliver a mé&ihod
estimaing morbidity from air pollution and its econontosts (for locations with appropriate
health statisticavailabl§ and morbidityrelated concentratiorresponse function@esults
expected in 2022)The Second Clean Air Outlo#kincludes projected trends of morbidity,
with data fromthe Centre for IntegratedAssessmenModelling Follow-up actions are
needed to checkhe feasibility of gaining access to scenarios, in naulti-task force
coordinated effort.

Materials

39. Looking at observed trendsee figure 7 below)corrosion and pollution have
decreased significantly since the early 1990s and a shift in magnitude was generally observed
around 1997 from a sharp to a monedest decrease or to a constant level without any
decrease. SQevelsandcarbon steel and copper corrosion decreased even afte@lt®omd

which is more pronounced in urban areas, while corrosion of other materials shows no
decrease after 1997, whioking at oneyear valueskFor four-year values, however, there

is a significant decrease after 1997 for zinc, which is not evident when looking at the one
year values. There are still occurrences of corrosion values above acceptable levels at some
places in Europe.

World Health OrganizatioWHO)/European Environment and Health Process (Copenhagen, 2015).
Available athttps://apps.who.int/iris/bitstream/handle/10665/345329/9789240034228
eng.pdf?sequence=1&isAllowed=y
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Figure 7

(Left) Trend in decreasing of yearly corrosion loss of zinc at all test sites duringeriod
1987 2018. (Right) Trend of corrosion loss of carbon steel exposed to rural, urban and
industrial sites with average values duringperiod 1987 2018
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40. For soiling, there is no decreasing trend after 1997 @ntsequentlylarger areas in
Europe are above acceptable leyveterefore future development of the programme is
focusedon exposure of new soiling materials, for exampéal-coated materials and stone
materials. The main pollutant responsible for soiling of materid$4s

Environment

Forests

41.  Although deposition rates of inorgamkin throughfall are currently high at mathe
International Cooperative Programme on Assessment and Monitoring of Air Pollution
Effects on Forest§ICP Forests sites, measurements show a clear decrease at most sites
between 2000 and 2015. Significant kases were observed particularly at the highly
polluted sites. The third of sites with the highest initial (Z@WD4) rate of throughfall
deposition show a median reduction ofi@t cenbetween 2000 and 2015, whereas the third

of sites with the loweshitial rate of throughfall deposition show a corresponding reduction
of 16 per centlnterestingly on many sites, throughfall deposition decreased féstaitrate

(by 26 per centlhan for ammoniun{by 18 per centbetween 2000 and 2015. The ICP
Foreds longterm measurements show that there is a -limg lag between emission
abatement and changes in soil solution acidity. Moreover, eutrophying or acidifying effects
of inorganic N and S deposition led to imbalances in tree nutrition across Europanyn
parts of Europgpositive tree growth was observed during the last decades. Among other
factors, increasedN deposition contributed to the observed tree growth stimulation and
increasedtarbonsequestration, but on ndilimited sites, additiond\ depositionmay lead

to nutrient imbalances including phosphorus deficiency, nitrate leaching, acidification and
loss of base cations, and increased sensitivity to pests or pathogensl diglsitioncan
therefore have divergent effects and potentially cedorest growtl3!

Forested catchments

42.  Thelnternational Cooperative Programme on Integrated Monitoring of Air Pollution
Effects on EcosystenffCP Integratedvionitoring) catchments have increasingly responded
to decreases in emission and deposition of N in Europe. Concentratitotalaghorganic
nitrogen [IN) in run-off water forthe period1990 2017 exhibited dominantly downward
trend slopes (7@er centof sites), ad, for fluxes 69 per centof sites. Decrease iitrate
(NOs) andammaiium (NH.) in concentrations was significant, agspectively59 per cent
and 36per cenbf the sites, but the decrease in fluxes was significant only pe2&ntand

31 per centof the sites, respectively. Decreasing trendsdalfur and N emissions and
deposition reduction responses in 4afifi water chemistryhavetended to be more gradual
since the early 2000s. A significant negative correlation was found betesgeimal change

W. de Vries and others, il mpacts of acid deposition, o
ecosystems in Europe: an oV é&Z2(201L4 ppol45; &t Sophia and Soi |l , vo
Etzoldaad ot hers, FfANitrogen deposition is the most i mport :
evenaged and managed European forestso, Forest Ecol ogy ¢
2020).
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of TIN concentrations and fluxes in Aaff, and mean TIN fluxes in throughfall; totAl
concentrations ani/phosplorousratios in foliage and litterfall; and total N concentrations
and fluxes in soil water. The results also showed thatrtbst Naffected sites with the
highest N deposition to the forest floor and highest N concentrations in foliage, litterfall, run
off water and soil water, showed the most pronounced decreases of TINaff.run

43.  Twentythree European forest sites bejing to the ICPitegratedMonitoring, ICP
Forests anthtegrated European LoAferm Ecosystem, Critical ZorandSocioEcological
Research InfrastructurdeLTER-RI) networks with high quality longerm data on
deposition, climate, soil chemistry and urslery vegetation were used to assess benefits of
currently legislated N deposition reductions on forest understory vegetation. A dynamic soil
model coupled to a statistical plant species niche model was applied witlasie climate

and depositionlndicators of N deposition and climate warming effestech as change in
occurrence of oligophilic (favouring nutriepbor conditions), acidophilic (favouring acidic
conditions) and coldolerant plant speciewere used to compare the present with projestion

for 2030 and 2050. The decrease in N deposition under current legislation emission (CLE)
reduction targets until 2030 was not expected to result in a release from eutrophication.
Although the model predictions showed considerable uncertainty when canpatie
observations, they indicated that oligophilic forest understory plant species will further
decrease. This result is partially due to confounding processes related to climate effects and
to major decreases Bulfur deposition and consequent recovieoyn soil acidification, but
shows that decreases in N deposition under CLE will most likely be insufficient to allow
recovery from eutrophication. The results also showed that oxidized and reduced N emission
reductions need to be considerably greatealtow recovery from chronically high N
deposition.

44.  ICP Integratedvionitoring studies have shown that a systems approach is useful in
addressing the question of future integrated impacts of climate and air pollution on ecosystem
processes and biodivéssresponse& A chain of models was applied to a combined data

set from 26 ICPritegratedvionitoring, ICP Forests and eLTER forested sites throughout
Europe. Key soil properties such as soil solution pH, soil base saturation (BS) and soil organic
carbon andN ratio (C:N) under projected N arsdilfur deposition and climate change until
2100 were simulatedimulated future soil conditions improved under projected decrease in
deposition and current climate conditions: higher pH, BS and C:N at 21, 16 and 12 of the 26
simulated sites, respectively). When climate change projections were included, soil pH
increased in most cases, while BS and C:N increased in about half of the cases. Hardly any
climate warming scenarios led to a decrease inMbtelling results also indicated that
decreases in N deposition under the CLE scenario will most likely be insuffiociatibw
recovery of forest understory vegetation from eutrophication. Oxidized and reduced N
emission reductions would need to be considerably greater to allow recovery from
chronically high N deposition. These studies illustrate the value oftkmg integrated
monitoring sites for applying models that can predict soil, vegetation and species responses
to multiple environmental changes.

Rivers andlakes

45.  Major indices of acidification such as acid neutralizing capacity (ANC), pH and toxic
aluminumindicate a process of recovery, based orrternational Cooperative Programme

on Assessment and Monitoring of the Effects of Air Pollution on Rivers and L(#REs
Waterg dataset that includes records since 1990 frgoproximately500 lakes and riverin

Europe and North America. The observed trends are a response to reduced deposition of
acidifying substances, but changes in climate land use are becoming more important as
drivers of change. Major perturbances such as wildfires and insect ousthasaloften
climaterelated and can result in reacidification of surface waters.

22 ThomasDirnbockand ot her s, i Cur r anmitréggn dépesdionsvill yaetderdy decr eases
|l i mited plant speci es EwimmmentatResearchhettgal.rl® Ne®n f or est s o,
(17 December 2018); adariaHolmbergand ot her s, AModel ling study of soil
to air pollution and climate c h &adgegceofthsTotalg Eur opean LTE

Environmentvols. 640641 (1 November 2018), pp. 38309.
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46. Deposition ofN has declined less thaualfur and major questions remain concerning
the chemical and biological effects thereof. Climate and catchment properties aramnpo
determinants oN leaching, linking air pollution and effects of reactNen surface waters.
AlthoughN is an essential nutrient, phosphorus is often the dominant control ofiWetsh
productivity. However, there is increasing evidence that N derived from N deposition can
influence freskhwater productivity in nutrierpoor lakes. Leaching dff depositedfom air

to surface waters, and downstream to marine ecosystems, can also contribute to marine
eutrophication becauseis the limiting nutrient in marine waters. Source attributioN dfi

water bodies (i.e., to deposition, agriculture or other sourampisrtant for effecievaluation

of policy to reduce emissions df to the environment. Preliminary results in the N report
indicate that useful input is being generated to support empirical critical load guidance
currently being developed under thekking Group on Effects

47.  Longterm data sets of environmental monitoring of alpine and subalpine sites in Italy
and Switzerland revealed a distinct reduction in depositiculfdr and oxidized N in 2020

that deviated from the loAgrm trend. These deviahs result most likely from lower
emission of N oxides to the atmosphere because of reduced vehicle traffic during the
coronavirus disease€CQVID-19) pandemic. Some improvements in water chemistry were
noted, especially for nitrate, suggastthat alping acidsensitive sites are extremely well
suited for monitoring freskwater responses to rapid changes in atmospheric chemistry.

48.  Monitoring data from the hited Kingdom of Great Britain and Northern Ireland
demonstrate biological changes consistenh &itresponse to chemical recovery in several,
but not all, recovering acidified waters, while data from high alpine lakes in Italy do not show
clear trends. In the nited Kingdom of Great Britain and Northern Irelanthe extent of
biological change doeohshowaclear relationship with threshold levels of ANC commonly
used to define ficritical i mitso. Factors that dr
understood and it is not always clear which organisms are most acid sensitive. The
environnents of ICP Waters sites are not only recovering femidification butare more
enriched with reactivé and becoming warmer as a consequence of climate change. The
postacidification biological community assemblies may be very different from the pre
acidfication state.

49. In many European countries, surfagater monitoring networks deliver data to
support several policy instrumengs.g., the Conventionand the European UniorNEC
Directive and Water FrameworkDirective (WFD).22 In some countries, thEC Directive
monitoring network is more extensive than the national monitoring network delivering data

to ICP Waters, while in other countries, the networks are largely identical. UndeiFbe W

the suggested minimum lake size i§ @&n?, which is larger than that of many headwater
lakes reported to ICP Waters. Small headwater lakes and streams that are not confounded by
local pressures, such as agriculture or point source pollution, are pivotal for the assessment
of regional scal@ressures (air pollution, climate change) such as under the Convention and
the NEC Directive

50. Differences between national classification systems for suvfater acidification

may limit robust national comparisons of ecological status under thé.\Whe
physicochemical definition of the important threshold between good and moderate (i.e.
acceptable/noacceptable) state of water body acidification differs between Norway,
Sweden and Finland. A Nordic degat on chemistry and biology has been useddpgse

an ANGbased system that can be used to harmonize classification systems.

Effects of Os on crops and vegetationCritical Levels

51.  TheOs; profile has changed since 1990Palo concentrations have reduced, whereas
fibackground concentrations have increased. Concentratimsed metrics using relatively
high thresholds, such #se acumulatedds; exposure over threshold of 4(arts per billion
(AOT40), put greatest emphasis oegk concentrations. Scientific evidence has shown that
vegetation responds to cumulati@e uptake, reflected in the flugasedPhytotoxic Ozone
Dose(POD) metrics, and that the response is the same when this is deliverdievaied

23 Available athttps://eutlex.europa.eu/legatontent/EN/TXT/?uri=CELEX:32000L0060
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background or fiepisodic peak profile. Thus, Oz impacts on vegetation can also be found
where the critical level for AOT40 is not exceeded.

52.  Analysis of modelled data showed only a small change in wheat yield loss for both
1990 2010 and 2012030. Modelling impacts oD; on wheat yield in collaboration with

the EEA European Topic Centre on Air and Climate Change Mitigation showedfdnat
Europe, based on the modelled AOT40, calculated wheat yield losses declined significantly
from 18.2per @ntto 10.2per centbetween 1990 and 2010, whereas according to the flux
based metric (POD6SPEC) losses did not change significaatlypsses were 14 8er cent

and 13.3per centin 1990 and 2010, respectiveljercentage yield loss (based on theflu
metric POD3IAM) was similar in Europe and North America (approximatelypérécent

and 5.5per centin 2010 and 2030respectively), however, production loss was higher in
Europe due to a double total production of wheat in Eurbpe.percentage yieldsses are
different in the 1992010 compared to the 201203Q assessments due tioe different
flux-metrics used.

53.  Accurate modelling o©s impacts to vegetation requires parameterization of the dose
response relationship for each individual spgciéis is currently limited by the availability

of experimental data to parameterize both the stomatal uptake component and the vyield
response component. There are many species (both crop, tree anthsealivegetation)

for which such information doesot currently exist, even for some of the common and
commercially important species.

54.  Impacts on ecosystems and ecosystem function occur@yithollution. Scientific
knowledge of cumulative fluxes @k (including from lowOs; concentrations) shows impacts
on crops, trees and ecosystems that include growth and flowering (humber and timing).

55.  Current risk assessments for impacts @f on ecosykems are focused on the
vegetation component. Qualitative assessments and information indicate that a much wider
breadth of impacts occur in responseXppollution, including impacts on soil biota, and

both directly and indirectly on other trophic leveisluding pollinating insects. Effects on
ecosystem functioning such as C sequestration in soils, water and nutrient cycling in
ecosystems or resource use efficiency are also relevant for risk assessrgimspafcts.

56.  Ospollution can reduce thd use efficiency of some croge.g.,wheat, soybean and
rice). As a result of loweN fertilization efficiency,Os; causes a risk of increased lossebl of

from agroecosystemge.g, through nitrate leaching and nitrous oxide emisgions
Tropospherids thus tas the potential to cause elevahkth streams and rivers compared to
clean air conditions, but the potential magnitude of this has not been quantified. A similar
pattern can be seen for sendtural vegetation, as the stimulating effecNadn growth ca

be progressively lost with increasifg concentrations, sometimes with increasing se®N
emissions.

57. Largescale studies conducted at the ICP Forests plots revealed that, despite a slight
but significant reduction oDs levels during the vegetative period, the concentrabiased
Critical Levels (AOT40) have been exceeded on the majority of the investigites,
especially in Easrnand Southern Europe. On these sites, foliar injury attributalte has

been detected on several species, mostly broadleaves. The level of sensifyiityjtioy in

also depends on species and regmg.(in Greece Sabus torminalisappeas to be more
sensitive thafragussylvatica). The occurrence and severity of visiflegsymptoms depends

not only onOs levels but also on several other environmental parameters and vegetation
characteristics that drive stomatal uak is expecedthat interaction with climate change

and biotic agents (pests and disease) may substantially alter the above results:, this will
howeverbpe dependent on sigpecific condition.

58.  There are interactions betwe@g pollution and climatechange. Some interactions
alter the exposure of vegetation@g, such as accelerated phenological development with
increasing temperature resulting in borkak earlier in the year and consequent exposure of
the plant toOs earlier in spring than current models predict. Changes in meteorological
conditions and soil moisture due to climate change @éluxes to vegetation via influence

on stomatal opening, however, the direction and extent of change will depend on the
difference between perceived conditions and optimum conditions for each meteorological
and soil moisture parameter.
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Critical Loads

59.  The concept of Critical Load€Ls)was developed to estimate the amount of harmful
deposition that, if not exceeded, does not lead to adverse effects on ecosystems. As soon as
the estimated deposition exceeds@iss, ecosystems are considered to be at risk.

60. As indicated in the mapsdefigure 8below), CLs of acidity are exceeded on pér
cent(2000) and 4.ger cen{2019) of the ecosystem area. By contr@ks for eutrophication
are exceeded in large parts of the model domain in all yesedqure 9below), with 75per

centin 2000 and going down to 64g&r centn 2019.

Figure 8:
Critical Load exceedance for acidification for the years 2000, 2005, 2010, 2015 and 2019
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Source Deposition data from EMERSC-West; CL data from Coordination Centre for Effe@<E).
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Figure 9:
Critical Load exceedance for eutrophication for the years 2000, 2005, 2010, 2015 and
2019

Source Deposition data from EMERMSC-West; CL data from QordinationCentre forEffects

61. The areas with exceedance of the CL for eutrophication were also evaluated in terms
of the amount of total deposition and the contribution of the differ&hspecies to the total
deposition for the year 2019. Figure t6low shows that deposition of reced N on CL
relevant receptor areas (green line) is always higher than deposition of oxXid{gzetiow

line). This pattern is less pronounced in areas of no CL exceedance (negative values on the
x-axis), while the share of reducédto the totalN depositon increases significantly with

rising CL exceedances. Especially in areas with very high CL exceedances@ulents
perhectae per year (edial yearl), deposition of reduceld accounts for more than 2/3 of



