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Executive Summary

This report presents the EMEP activities in 2017 and 2018 in relation to transboundary fluxes
of particulate matter, photo-oxidants, acidifying and eutrophying components, with focus on
results for 2016. It presents major results of the activities related to emission inventories,
observations and modelling. The report also introduces specific relevant research activities
addressing EMEP key challenges, as well as technical developments of the observation and
modelling capacities.

Measurements and model results for 2016

In the first chapter, the status of air pollution in 2016 is presented, combining meteorolog-
ical information with numerical simulations using the EMEP MSC-W model together with
observed air concentration and deposition data.

Altogether 32 Parties reported measurement data for 2016, from 161 sites in total. Of
these, 130 sites reported measurements of inorganic ions in precipitation and/or main compo-
nents in air; 73 of these sites had co-located measurements in both air and precipitation. The
ozone network consisted of 139 sites, particulate matter was measured at 70 sites, of which
50 performed measurements of both PM,, and PM, 5. In addition, 52 sites reported at least
one of the components required in the advanced EMEP measurement program (level 2). A
complete aerosol program was implemented at 12 sites, while only a few sites provided the
required oxidant precursor measurements.

The mean daily max O3, SOMO35 and AOT40 all show a distinct gradient with lev-
els increasing from north to south, a well established feature for ozone in general reflecting
the dependency of ozone on the photochemical conditions. The geographical pattern in the
measured values are fairly well reflected by the model results for all these three metrics. In
particular, the modelled mean daily max for the summer half year agrees very well with the
measured values except for an underestimation in a few regions, mainly in the Mediterranean.
Particularly high levels are predicted by the model in the southeast, but due to the lack of
monitoring sites these levels could not be validated.

The modelling results and the observations show that the annual mean levels of PM,,
and PM, 5 in general increase over land from north to south. The concentration levels are
below 2-5 g m~3in Northern Europe, increasing to 5-15 pug m—3in the mid-latitude and
further south. Elevated PM,, and PM, s levels of 15-20 ;g m~3 occurred in some areas (the
Benelux countries and parts of Germany, Poland and East-European countries). A hot spot
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is seen in the Po Valley, with calculated PM, s and PM,, exceeding 20-30 g m—> . There is
good agreement between the modelled and observed distribution of mean PM,, and PM, s,
with annual mean correlation coefficients of 0.78 and 0.71 respectively. Overall, the model
underestimates the observed annual mean PM,, and PM, 5 by 22% and 10% respectively.

Over most of the European part of the EMEP grid, mean concentrations of PM,, and PM, 5
in 2016 were 10-30 % lower compared to mean PM levels in the 2000-2015 period, while they
were 5-30 % higher in the very eastern and southern EMEP areas. This is consistent with the
emission changes during that period (decrease in the western part, while increase in the east-
ern part of the EMEP domain). In addition, the precipitation anomaly distribution suggestes
that enhanced wet removal of aerosols from the air contributed to lower PM pollution over
large areas in 2016.

Exceedances and pollution episodes in 2016

In general, there were fewer high ozone episodes and lower O3 levels in 2016 compared to
2015. An unusual event of high ozone levels in September occurred, with several monitoring
sites having their annual peak ozone level during these days including levels above the EU
information threshold of 180 ug m—3. Record-high temperatures (well above 30°C) were
recorded followed by record-high levels of ozone the following days. Our results indicate a
very good agreement between the modelled and measured levels for this episode, both with
respect to the location of the ozone plume and the concentration levels.

Model results and EMEP observational data show that in 2016, the annual mean PM,,
and PM, 5 concentrations were below the EU limit values for all of Europe. As far as daily
concentrations are concerned, exceedance days for PM,, were observed at 34 out of 63 sites,
but no violations of the PM,, EU limit value (more than 35 exceedance days) were registered
(still 15 sites had more than 3 exceedance days, the recommended Air Quality Guidline (AQG)
by WHO). PM, 5 concentrations exceeded the WHO AQG value at 33 out of 46 stations in
2016 (on more than 3 days at 27 sites).

The major PM pollution episodes occurred in January, March and December 2016. The
winter episodes, seen almost every year, are typically caused by a combination of stagnant
air conditions and enhanced use of wood burning for residential heating during cold weather
situations. On the other hand, agriculture and traffic emissions appear to be main contributors
to the spring episodes. The different chemical composition of PM, s at three selected sites
confirms the diversity of the emission sources causing the episodes at different locations.

Critical loads (CL) for eutrophication were exceeded in virtually all countries in 2016, in
about 61.7% of the ecosystem area (73% in the EU28) and the European average exceedance
is about 217 eq ha=tyr—! (289 eq ha~'yr~—! in the EU28). The highest exceedances are found
in the Po Valley in Italy, the Dutch-German-Danish border areas and in north-eastern Spain.

In contrast, critical loads of acidity are exceeded in a much smaller area. Hot spots of
exceedances can be found in the Netherlands and its border areas to Germany and Belgium,
and some smaller maximum in southern Germany and the Czech Republic, whereas most of
Europe in not exceeded. In Europe as a whole, acidity exceedances in 2016 occur in about
5.3% of the ecosystem area (6.6% in the EU28), and the European average exceedance is
about 20 eq ha~'yr~! (28 eq ha~'yr~! in the EU28).

Model simulations for 2000-2016 in the new EMEP grid
This year, CEIP created a new set of emissions for 2000-2016 using the 0.1°x 0.1° resolution
gridding system and updated emission data. The latest EMEP MSC-W model version has



been used to calculate a consistent time series of air pollution. Furthermore, a new trend in-
terface (http://aerocom.met .no/trends/EMEP/) has been developed at MSC-W.
The interface allows visualization of the trends for different pollutants at all EMEP sites, and
will be extended to include EMEP measurement data where these are available. Work is also
in progress to include source categories as a part of this visualization tool.

Source receptor matrices in the new EMEP grid

Last year it was the first time Parties to the Convention reported emissions in the new grid in
0.1° x 0.1° resolution and longitude-latitude projection. This year, these fine scale emissions
are used in calculations of source receptor matrices (SRMs). In addition, the country border
data set has been updated using high resolution information. The new country border data
set is more accurate than the old 50x 50km? data set and also consistent with what is used for
emission distribution by CEIP.

As completing the SRMs calculations in the 0.1° x 0.1° resolution is difficult within the
current deadlines, a series of tests has been made to estimate the effect of the choice of the grid
resolution on SRMs. For 5 selected countries, we compared SRMs calculated with 3 different
resolutions (0.1° % 0.1°, 0.3° x 0.2° and 0.4° x 0.3°). For the country-to-itself contribution, the
overall differences in SRMs due to different model resolutions are small for depositions (a few
percent), but somewhat larger for PM and ozone (up to 11%). For the individual transboundary
contributions, differences can be larger, especially when the pollution is transported across
mountain areas and/or is very small. Based on this analysis, we decided to calculate SRMs
for 2016 in 0.3° x 0.2° resolution, as the 0.3° x 0.2° results were somewhat closerto 0.1° x 0.1°
results than 0.4° x 0.3°.

In addition, we studied how the country border data set affects the SRMs. Overall, the
differences due to using a new country border data set are as large as the differences due to
the different model resolutions.

Status of emissions

Completeness and consistency of submitted emission data have improved significantly since
EMERP started collecting information on emissions, and at least 45 Parties reported emission
data to CEIP each year for the last seven years. In 2018, 45 out of 51 Parties (88%) submit-
ted emission inventories. However, the quality of submitted data differs significantly across
countries, and the uncertainty in the data is considered to be relatively large.

The reporting of CLRTAP inventories by EECCA countries to the Convention is still lim-
ited. In the last five years only Georgia, the Russian Federation and Ukraine provided annual
submissions. CEIP conducts in-depth reviews of inventories, which support Parties in compil-
ing and submitting high quality inventories and aims to increase confidence in the data used
for air pollution modelling. In 2018, an in-depth review of the inventories of the Republic
of Moldova, Armenia, Belarus, Ukraine and Azerbaijan will be made. In 2019, the Russian
Federation and Georgia, and in 2020, Kyrgyzstan and Kazakhstan will be reviewed.

Last year was the first year with reporting obligation of gridded emissions in the new grid
resolution of 0.1°x0.1° longitude/latitude. 29 of the 48 countries which are part of the EMEP
area did report sectoral gridded emissions in the new resolution until June 2018. One country
reported only gridded national total values (instead of sectoral data).

The majority of gridded sectoral emissions in 0.1°x0.1° longitude/latitude resolution have
been reported for the year 2015 (28 countries). For the year 2016, gridded sectoral emissions
have been reported by three countries. Two of the three countries reported too late, which is
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why data could not be used for preparing gridded emissions in 2018.

Reported gridded sectoral data cover less than 20% of the grid cells within the geograph-
ical EMEP domain. For remaining areas missing emissions are gap-filled and spatially dis-
tributed using expert estimates. This year CEIP also performed gap-filling and gridding for
the whole time series from 2000 to 2016 in 0.1°x0.1° longitude/latitude resolution on GNFR
sector level.

Emissions from international shipping occurring in different European seas were updated
for the period of 2000 to 2016 based on global shipping emissions from FMI (Finnish Meteo-
rological Institute) for the year 2015 (and also for 2011 in case of NO, and SO, in the Baltic
and the North Sea). For the year 2016 the FMI emission values for 2015 was used, while
for historical shipping emissions the FMI data were adjusted according to trends from data
developed within the EU Horizon2020 project MACC-III and the ICCT Report. NMVOC
emissions from international shipping have been estimated to be 10.9% of the CO emissions.

The development in emissions in the eastern and western parts of the EMEP area seems to
follow different patterns. While emissions of all pollutants in the western part of the EMEP
domain are slowly decreasing, emissions of all pollutants in the eastern part of the EMEP
domain have increased since the year 2000. The emissions in western parts of the EMEP area
are mostly based on reported data, while the emissions in eastern parts often are based on
expert estimates (with larger uncertainty). From 2000 to 2016, the total change in emissions
for the EMEP area has been: NO,, (-6%), NMVOCs (-3%), SO, (-30%), NH3 (+22%), PM, 5
(+6%), PMoarse (+17%) and CO (-17%).

Effect of ship traffic emissions

The contributions from ship traffic to air pollution in Europe have been calculated with a
global version of the EMEP model. For ozone and ozone indicators, such as SOMO35 and
POD; forest, the variability in the percentage contributions is large between countries and
regions, with ship emissions resulting in reductions in several western European countries but
substantial increases in other (mainly Mediterranean) countries. Regarding the effects of ship
emissions from the Baltic Sea and the North Sea on adjacent countries, the percentage contri-
butions to the ozone indicators SOMO35 and POD; forest are substantially larger (positive or
negative) than to annually averaged ozone.

For a number of coastal countries, calculated contributions to PMs 5 and depositions of
sulphur and oxidized nitrogen from ships constitute 10% or more of the global anthropogenic
total. The long-range transported contributions, calculated with a global version of the EMEP
model, appear larger than in the regional model calculations. This may in part be explained
by the different meteorological conditions in the different years (2015 for the global and
2014/2016 for the regional calculations), but also by the coarser resolution used in the global
calculations. Nevertheless, all our calculations show large reductions in sulphur depositions
and some reductions in PMs 5 levels as a result of the implementation of SECA in the North
Sea and the Baltic Sea, in countries bordering these two sea areas.

Equivalent Black Carbon (EBC) from fossil fuel and biomass burning sources

A joint EMEP/ACTRIS/COLOSSAL intensive measurement period was conducted in winter

2017-2018 (IMP Winter 2018), using multi-wavelength aethalometer measurements of equiv-

alent black carbon (EBC) and a novel application of positive matrix factorisation (PMF) for

source apportionment of EBC into fossil fuel (EBCg) and biomass burning (EBCy,;,) origin.
The IMP aims to provide a harmonized European-wide data set of EBCgy and EBCy,;, appli-



vii

cable for model validation, to encourage initiation of regular monitoring of EBCg and EBCy,,
and reporting of such data to EMEP, and to substantially improve knowledge of carbonaceous
aerosol sources in Europe. The 57 sites, situated in the 24 different countries participating
in the IMP, underpin the great interest and knowledge requirement in this topic across Eu-
rope. Here, we report preliminary results from five of these sites, three urban sites in the
Mediterranean region and two rural sites in Finland.

EBCg (45-74%) made a larger contribution to EBC than EBCy;, (26-55%) at all sites
but one urban one. Diurnal variation was pronounced at the urban sites, and substantially
different between EBCg and EBC,,;,, clearly showing the influence of morning and afternoon
traffic rush hours on EBCg and residential wood burning, commencing in early evening and
continuing through the night, on EBCy;,. No diurnal variation was seen for the two rural
sites, suggesting minor or no influence from local sources and that long-range atmospheric
transport prevailed. Comparison between the biomass burning tracer levoglucosan and EBCy,,,
showed a very high degree of correlation (r? = 0.94 - 0.96), demonstrating the effectiveness
of the novel PMF approach, as do the pronounced diurnal variations seen for the urban sites.
Aerosol Angstrom exponents (AAE) derived from the PMF approach ranged from 0.92 - 1.08
for fossil fuel (AAE;) and from 1.27 - 1.51 for biomass burning (AAEy;), which is in line
with findings from the most recent and updated study discussing AAE in Europe.

Data from the participating sites will be analyzed according to the PMF approach as soon
as possible after they are submitted to EMEP and found to have a sufficient data and metadata
quality.

Model improvements

Most of the changes made in the EMEP MSC-W model since last year have been concerned
with improvements to the model code and usability, and these have had little impact on model
results. These improvements include several updates and bug-fixes to the chemical scheme,
improved compatibility between the older SNAP and new GNFR emission sectors, updated
land-cover database and improved handling of WRF and AROME meteorology. One ma-
jor change did occur, however, and that concerns the treatment of photosynthetically active
radiation (PAR) in the model, which impacts both biogenic VOC emissions and ozone flux
estimates. The changed radiation scheme seems to mainly impact POD; estimates for forests
(now reduced), with only small changes in PODj for crops or ozone concentrations.

Development in the monitoring network and database infrastructure

The last chapter of the report presents the implementation of the EMEP monitoring strategy
and general development in the monitoring programme including data submission. There
are large differences between Parties in the level of implementation, as well as significant
changes in the national activities during the period 2000-2016. With respect to the require-
ment for level 1 monitoring, 42% of the Parties have had an improvement since 2010, while
30% have reduced the level of monitoring. For level 2 monitoring there has been a general
positive development in recent years. However, in large parts of Europe the implementation
of the EMEP monitoring strategy is still unsatisfactory.

The complexity of data reporting has increased in recent years. To improve the quality and
timeliness of data reporting, the new online data submission and validation tool has been
further developed to give better feedback when errors in the files occur, including automatic
checks for inconsistency and outliers. The correctness of the data files submitted has improved
significantly during the last years.
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CHAPTER 1

Introduction

1.1 Purpose and structure of this report

The mandate of the European Monitoring and Evaluation Programme (EMEP) is to provide
sound scientific support to the Convention on Long-range Transboundary Air Pollution (LR-
TAP), particularly in the areas of atmospheric monitoring and modelling, emission invento-
ries, emission projections and integrated assessment. Each year EMEP provides information
on transboundary pollution fluxes inside the EMEP area, relying on information on emission
sources and monitoring results provided by the Parties to the LRTAP Convention.

The purpose of the annual EMEP status reports is to provide an overview of the status
of transboundary air pollution in Europe, tracing progress towards existing emission control
Protocols and supporting the design of new protocols, when necessary. An additional purpose
of these reports is to identify problem areas, new aspects and findings that are relevant to the
Convention.

The present report is divided into four parts. Part I presents the status of transboundary
air pollution with respect to acidification, eutrophication, ground level ozone and particulate
matter in Europe in 2016. Part II summarizes research activities of relevance to the EMEP
programme, while Part III deals with technical developments going on within the centres.

Appendix A in Part IV contains information on the national total emissions of main pol-
lutants and primary particles for 2016, while Appendix B shows the emission trends for the
period of 2000-2016. Country-to-country source-receptor matrices with calculations of the
transboundary contributions to pollution in different countries for 2016 are presented in Ap-
pendix C.

Appendix E introduces the model evaluation report for 2016 (Gauss et al. 2018c) which
is available online and contains time series plots of acidifying and eutrophying components
(Gauss et al. 2018b), ozone (Gauss et al. 2018a) and particulate matter (Tsyro et al. 2018).
These plots are provided for all stations reporting to EMEP (with just a few exclusions due to
data-capture or technical problems). This online information is complemented by numerical
fields and other information on the EMEP website. The reader is encouraged to visit the
website, http://www.emep. int, to access this additional information.

1
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Appendix D describes the country reports which are issued as a supplement to the EMEP
status reports.

1.2 Definitions, statistics used

For sulphur and nitrogen compounds, the basic units used throughout this report are ug (S or
N)/m? for air concentrations and mg (S or N)/m? for depositions. Emission data, in particular
in some of the Appendices, is given in Gg (SO,) and Gg (NOs) in order to keep consistency
with reported values.

For ozone, the basic units used throughout this report are ppb (1 ppb = 1 part per billion
by volume) or ppm (1 ppm = 1000 ppb). At 20°C and 1013 mb pressure, 1 ppb ozone is
equivalent to 2.00 g m—3 .

A number of statistics have been used to describe the distribution of ozone within each
grid square:

Mean of Daily Max. Ozone - First we evaluate the maximum modelled concentration for
each day, then we take either 6-monthly (1 April - 30 September) or annual averages of
these values.

SOMO3S5 - The Sum of Ozone Means Over 35 ppb is the indicator for health impact assess-
ment recommended by WHO. It is defined as the yearly sum of the daily maximum of
8-hour running average over 35 ppb. For each day the maximum of the running 8-hours
average for Oj is selected and the values over 35 ppb are summed over the whole year.

If we let A¢ denote the maximum 8-hourly average ozone on day d, during a year with
N, days (IV, = 365 or 366), then SOMO35 can be defined as:

SOMO35 = 357" max(A¢ — 35 ppb, 0.0)

where the max function evaluates max(A— B, 0) to A—B for A > B, or zeroif A < B,
ensuring that only A¢ values exceeding 35 ppb are included. The corresponding unit is
ppb.days.

PODy - Phyto-toxic ozone dose, is the accumulated stomatal ozone flux over a threshold Y,
1.e.:

PODy = /max(Fst —Y,0) dt (1.1)

where stomatal flux F,;, and threshold, Y, are in nmol m~2 s~!. This integral is evalu-

ated over time, from the start of the growing season (SGS), to the end (EGS).

For the generic crop and forest species, the suffix gen can be applied, e.g. PODy 4,
(or AF1.64¢y,) is used for forests. POD was introduced in 2009 as an easier and more
descriptive term for the accumulated ozone flux. The definitions of AFst and POD are
identical however, and are discussed further in Mills and Simpson (2010). See also
Mills et al. (2011a,b) and Mills et al. (2018).
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AQOT40 - is the accumulated amount of ozone over the threshold value of 40 ppb, i.e..
AOT40 = [ max(Os — 40 ppb, 0.0) dt

where the max function ensures that only ozone values exceeding 40 ppb are included.
The integral is taken over time, namely the relevant growing season for the vegetation
concerned. The corresponding unit are ppb.hours (abbreviated to ppb.h). The usage
and definitions of AOT40 have changed over the years though, and also differ between
UNECE and the EU. LRTAP (2009) give the latest definitions for UNECE work, and
describes carefully how AOT40 values are best estimated for local conditions (using
information on real growing seasons for example), and specific types of vegetation.
Further, since O3 concentrations can have strong vertical gradients, it is important to
specify the height of the O3 concentrations used. In previous EMEP work we have
made use of modelled O3 from 1 m or 3 m height, the former being assumed close to
the top of the vegetation, and the latter being closer to the height of O3 observations.
In the Mapping Manual (LRTAP 2009) there is an increased emphasis on estimating

AQOT40 using ozone levels at the top of the vegetation canopy.

Although the EMEP MSC-W model now generates a number of AOT-related outputs,
in accordance with the recommendations of LRTAP (2009) we will concentrate in this

report on two definitions:

AOT4()}lc - AOT40 calculated for forests using estimates of O3 at forest-top (uc: upper-
canopy). This AOT40 is that defined for forests by LRTAP (2009), but using a

default growing season of April-September.

AOT40"¢ - AOT40 calculated for agricultural crops using estimates of Oj at the top
of the crop. This AOT40 is close to that defined for agricultural crops by LRTAP
(2009), but using a default growing season of May-July, and a default crop-height

of 1 m.

In all cases only daylight hours are included, and for practical reasons we define daylight
for the model outputs as the time when the solar zenith angle is equal to or less than 89°.
(The proper UNECE definition uses clear-sky global radiation exceeding 50 W m~?2 to
define daylight, whereas the EU AOT definitions use day hours from 08:00-20:00.). In
the comparison of modelled and observed AOT4O‘}Cin chapter 2, we have used the EU

AOT definitions of day hours from 08:00-20:00.

The AOT40 levels reflect interest in long-term ozone exposure which is considered
important for vegetation - critical levels of 3 000 ppb.h have been suggested for agri-
cultural crops and natural vegetation, and 5 000 ppb.h for forests (LRTAP 2009). Note
that recent UNECE workshops have recommended that AOT40 concepts are replaced

by ozone flux estimates for crops and forests. (See also Mills and Simpson 2010).

This report includes also concentrations of particulate matter (PM). The basic units
throughout this report are g m~3 for PM concentrations and the following acronyms are used

for different components to PM:

PBAP - primary biological aerosol particles describes airborne solid particles (dead or alive)
that are or were derived from living organisms, including microorganisms and frag-

ments of all varieties of living things (Matthias-Maser (1998)).
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SOA - secondary organic aerosol, defined as the aerosol mass arising from the oxidation
products of gas-phase organic species.

SIA - secondary inorganic aerosols, defined as the sum of sulphate (SO?[), nitrate (NO3 ) and
ammonium (NH}). In the EMEP MSC-W model SIA is calculated as the sum: SIA=
SO;™ + NO; (fine) + NOj3 (coarse) + NH .

SS - sea salt.

PPM denotes primary particulate matter, originating directly from anthropogenic emissions.
One usually distinguishes between fine primary particulate matter, PPMs 5, with dry
aerosol diameters below 2.5 ym and coarse primary particulate matter, PPM_,,,sc With
dry aerosol diameters between 2.5 ym and 10 pm.

PM.; 5 denotes fine particulate matter, defined as the integrated mass of aerosol with dry di-
ameters up to 2.5 ym. In the EMEP MSC-W model PM; 5 is calculated as PM, 5 =
SO;™ + NOj (fine) + NHZ + SS(fine) + PPM; 5 + 0.27 NO; (coarse).

PM,oarse denotes coarse particulate matter, defined as the integrated mass of aerosol with
dry diameters between 2.5um and 10pum. In the EMEP MSC-W model PM_ gy 18
calculated as PMgarse = 0.33 NOj3 (coarse)+ SS(coarse) + PPM_ 4 se.-

PM;, denotes particulate matter, defined as the integrated mass of aerosol with dry diameters
up to 10 pm. In the EMEP MSC-W model PM; is calculated as PM;g = PMs 5+PM_oarse -

In addition to bias, correlation and root mean square the statistical parameter, index of
agreement, are used to judge the model’s agreement with measurements:

IOA - The index of agreement (IOA) is defined as follows (Willmott 1981, 1982):

TOA=1- — i (mi — 0’ (1.2)
>izi(Imi — ol +[o; — 0])?

where 0 is the average observed value. Similarly to correlation, IOA can be used to
assess agreement either spatially or temporally. When IOA is used in a spatial sense, N
denotes the number of stations with measurements at one specific point in time, and m;
and o; are the modelled and observed values at station . For temporal IOA, N denotes
the number of time steps with measurements, while m; and o; are the modelled and
observed value at time step <. IOA varies between 0 and 1. A value of 1 corresponds to
perfect agreement between model and observations, and 0 is the theoretical minimum.

1.3 The new EMEP grid

At the 36" session of the EMEP Steering Body the EMEP Centres suggested to increase
spatial resolution and projection of reported emissions from 50x50 km polar stereographic
EMEP grid to 0.1°x0.1°longitude-latitude grid in a geographic coordinate system (WGS84).
The new EMEP domain shown in Figure 1.1 will cover the geographic area between 30°N-
82°N latitude and 30°W-90°E longitude. This domain represents a balance between political
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Figure 1.1: The new EMEP domain covering the geographic area between 30°N-82°N latitude and
30°W-90°E longitude.

needs, scientific needs and technical feasibility. Parties are obliged to report gridded emissions
in the new grid resolution from year 2017.

The higher resolution means an increase of grid cells from approximately 21500 cells in
the 50 x50 km? grid to 624000 cells in the new longitude-latitude grid.

1.3.1 The reduced grid: EMEP0302

For practical purposes, a new coarser grid has also been defined. The EMEP0302 grid covers
the same region as the new EMEP domain (Figure 1.1), but the spatial resolution is 0.3°in the
longitude direction and 0.2°n the latitude direction. Each gridcell from the EMEP0302 grid
covers exactly 6 gridcells from the 0.1°x0.1°official grid.

1.4 Country codes

Several tables and graphs in this report make use of codes to denote countries and regions in
the EMEP area. Table 1.1 provides an overview of these codes and lists the countries and
regions included.

All 51 Parties to the LRTAP Convention, except two, are included in the analysis presented

in this report. The Parties that are excluded of the analysis are Canada and the United States
of America, because they lie outside the EMEP domain.
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Code | Country/Region Code | Country/Region
AL Albania IS Iceland

AM | Armenia IT Italy

AST | Remaining Asian areas KG Kyrgyzstan

AT Austria KZ Kazakhstan

ATL | Remaining N.-E. Atlantic Ocean LI Liechtenstein

AZ Azerbaijan LT Lithuania

BA Bosnia and Herzegovina LU Luxembourg

BAS | Baltic Sea LV Latvia

BLS | Black Sea MC Monaco

BE Belgium MD | Republic of Moldova
BG Bulgaria ME Montenegro

BIC | Boundary and Initial Conditions MED | Mediterranean Sea
BY Belarus MK | The FYR of Macedonia
CH Switzerland MT Malta

CY Cyprus NL Netherlands

CzZ Czech Republic NO Norway

DE Germany NOA | North Africa

DK Denmark NOS | North Sea

EE Estonia PL Poland

EXC | EMEP land areas PT Portugal

ES Spain RO Romania

EU European Union (EU28) RS Serbia

FI Finland RU Russian Federation
FR France SE Sweden

GB United Kingdom SI Slovenia

GE Georgia SK Slovakia

GL Greenland TJ Tajikistan

GR Greece ™ Turkmenistan

HR Croatia TR Turkey

HU Hungary UA Ukraine

IE Ireland Uz Uzbekistan

Table 1.1: Country/region codes used throughout this report.

1.5 Other publications

This report is complemented by a report on EMEP MSC-W model performance for acidifying
and eutrophying components, photo-oxidants and particulate matter in 2016 (Gauss et al.
2018c), made available online, at www . emep . int.

A list of all associated technical reports and notes by the EMEP centres in 2018 (relevant
for transboundary acidification, eutrophication, ozone and particulate matter) follows at the
end of this section.
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CHAPTER 2

Status of transboundary air pollution in 2016

Svetlana Tsyro, Wenche Aas, Sverre Solberg, Anna Benedictow, Hilde Fagerli and Max-
imilian Posch

This chapter describes the status of transboundary air pollution in 2016. A short summary
of the meteorological conditions for 2016 is presented and the EMEP network of measure-
ments in 2016 is briefly described. Thereafter, the status of air pollution and exceedances in
2016 is discussed.

2.1 Meteorological conditions in 2016

Air pollution is significantly influenced by both emissions and weather conditions. Temper-
ature and precipitation are important factors and therefore a short summary describing the
situation in 2016 as reported by the meteorological institutes in European and EECCA coun-
tries is given first.

The meteorological data to drive the EMEP MSC-W air quality model have been gen-
erated by the Integrated Forecast System model (IFS) of the European Centre for Medium-
Range Weather Forecasts (ECMWF), hereafter referred to as the ECMWEF-IFS model. In
the meteorological community the ECMWEF-IFS model is considered as state-of-the-art, and
MSC-W has been using this model in hindcast mode to generate meteorological reanalyses
for the year to be studied (Cycle 40r1 is the model version used for the year 2016 model run).
Next section show temperature and precipitation in 2016 compared to the 2000-2015 average
based on the same ECMWF-IFS model hindcast setup.

2.1.1 Temperature and precipitation in 2016

Globally the 2016 mean temperature was reported as the highest on record by the World
Meteorological Organisation (WMO 2017). It was strongly influenced by the El Nifio event,
especially in the first half of the year. For the cold period (Jan-Mar and Oct-Dec) in 2016,

15
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NOAA reported extremely high temperatures due to advection of warm air into the Arctic
from mid-latitudes explained by the Arctic and Mid-latitudes Connections (Overland et al.
2016). Year 2016 was the third warmest in Europe and the warmest on record in the European
part of Russia (Blunden and Arndt 2017). For Europe, including the European part of Russia,
2016 was characterised by very high late summer and early autumn temperatures, but also
exceptional high temperatures in the beginning of the year.

WMO reported that global precipitation was influenced by the transition from El Nifio
to La Nifa halfway through the year 2016, with strong seasonal contrasts still resulting in
annual totals close to average (WMO 2017). The global high temperatures were combined
with extensive drought, and for any given month during 2016, 12% or more of the global land
cover experienced severe drought conditions, the longest such recorded stretch, reported by
NOAA (Blunden and Arndt 2017). However, the winter was very wet in western Europe,
followed by a wet spring in central Europe. The summer was wet in eastern Europe and the
autumn was wet in southern Europe, but very dry elsewhere. In Europe the year ended with
extremely dry conditions everywhere in December.

A well established Icelandic low and Azores high brought warm Atlantic air into large
parts of Europe in the beginning of the year. France reported its warmest winter since mea-
surements started, and Switzerland and the United Kingdom reported their second and third
warmest winter on record. Caused by a lack of inflowing cold Arctic air and a weak winter
blocking high over Russia, Belarus reported its warmest winter since 1891 and the second
warmest in western Russia since 1936. Due to a warm winter, snow was replaced by above
normal rain in central Europe, central and southern Russia, the Baltic countries, Azerbaijan
and west Kazakhstan. The 2015/16 winter was the wettest recorded in Ireland and 2nd wettest
since 1910 in the United Kingdom. Spain and France experienced record high temperatures
in January, but Scandinavia had for a shorter period lower temperatures. The Mediterranean
region was influenced by a positive temperature anomaly extending from Russia and the high-
est temperatures in 50 years were registered in Greece, and Austria had its second warmest
February since 1858. In January the northwestern Iberian Peninsula received abundant rain-
falls and France received more than normal precipitation. February was the wettest on record
for Austria and 2nd wettest in Finland, while southern Europe had dry conditions.

In spring the warm Atlantic air entered into a more southerly path reaching the eastern
Mediterranean. March was still warm in Belarus, western Kazakhstan, Germany and the
Nordic countries, but the United Kingdom, France and Spain were colder than their clima-
tological average. Spain and France remained colder than usual throughout the season. In
April temperatures were still low in the United Kingdom and Ireland, but higher than normal
in Iceland. A sudden late spring frost hit France, Germany, Switzerland and Poland in late
April after higher than normal temperatures earlier in that month. May was the third warmest
in Denmark since 1874, and in Finland since 1908, and also warmer than normal in Rus-
sia and Latvia. The recurring inflow of humid Atlantic air masses in spring, supported by
low pressure systems over Scandinavia and the Mediterranean Sea caused strong rainfalls in
France, Belgium, the Netherlands and the western Iberian Peninsula. France received more
rain in spring than in the last 50 years with May being the wettest of the spring months. The
Nordic countries and central Europe experienced a deficit in spring rainfall. During spring the
cyclonic activity moved to the Black Sea and brought above normal precipitation to southern
Italy, Malta, Greece, Bulgaria, northern Turkey and western Kazakhstan.

A high pressure system developed west of the Iberian peninsula in the summer as the
Azores high strengthened during July and August. Subtropical air was transported to northeast
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Figure 2.1: Meteorological conditions in 2016 compared to the 2000-2015 average (climavg) for: (a)
Annual mean temperature at 2m [K] and (b) Annual precipitation [mm]. The meteorological data have
been calculated with the ECMWF-IFS model.

Europe. Northwestern and southern Russia, northern Scandinavia and the Baltic countries had
above average precipitation amounts, and the moist flows also reached Germany and Switzer-
land. Belgium registered its highest June precipitation since 1981. Summer rainfall in Finland
was the 3rd highest ever recorded, and northern Switzerland registered its highest amount of
precipitation in the first half of the year since 1864. Flooding was reported in northern France,
Germany, Ireland, the United Kingdom and northern Switzerland, whereas southern France
and the Iberian Peninsula suffered drought conditions. Portugal reported one of the five driest
summers and the 2nd warmest summer since 1931. It was the 3rd warmest summer in Spain
and the warmest on record in Russia. June was the 2nd warmest in the United Kingdom since
1910 and Cyprus was warmer than normal. The overall summer temperatures were close to
normal in Scandinavia, central and eastern Europe. In the beginning of June a heatwave oc-
curred in Denmark, and in July short heatwaves took place in the United Kingdom and in the
European part of Russia. In June and July convective activity in the Mediterranean brought
above normal rainfalls and floods to southern Italy, Macedonia, Greece and eastern Turkey.
Temperatures were extremely high in western Kazakhstan, Armenia, Georgia, Azerbaijan,
Turkey and Bulgaria in August. At the same time August was the warmest on record for
Russia. An anticyclone over central Europe towards the end of August caused a heatwave in
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Germany and higher than usual temperatures in France, Switzerland and the United Kingdom,
whereas Hungary and Austria were colder than normal. A high pressure system over central
Europe in July caused the driest August on record in France, whereas Germany, Ukraine,
Bulgaria and western Turkey had precipitation deficits. Western Kazakhstan received large
amounts of rain in June and July, but almost no rain in August.

l 2
1

e e SN
(b) Atemperature at 2m (OctMar 2016-climavg)

Figure 2.2: Meteorological conditions in 2016 compared to the 2000-2015 average (climavg) for:
(a) Summer (April-September) temperature [K], (b) Winter (January-March and October-December)
temperature [K]. The meteorological data have been calculated with the ECMWEF-IFS model.

The beginning of the autumn was still affected by high pressure systems over Europe, the
heat prevailed into the autumn in western and central Europe and dry conditions dominated
most of Europe, northern Russia and Turkey. Spain and Portugal were experiencing heat-
waves in the beginning of September. September was the warmest recorded in Denmark since
1874 and in Norway since 1900, the 2nd warmest in the United Kingdom since 1910, the 3rd
warmest in France since 1900 and 4th warmest in Switzerland since 1864. Also Germany,
Slovakia and the Czech Republic were unusually warm in the beginning of the autumn, but
the conditions were cooler in October and November over most of Europe and Russia. Fin-
land registered its driest October in 55 years, Norway its 4th driest. Conditions were also
extremely dry in the United Kingdom and France. In the Balkans, eastern Europe and south-
ern Italy the conditions were very wet, especially in October and November. In the middle
of November storms formed over the Atlantic, bringing wet and windy weather to Europe
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with severe rainfalls in the United Kingdom, Spain and northern Italy, and heavy snowfall in
Sweden.

December was dry in Europe and Russia caused by an omega blocking pattern centred
over central Europe. France and Austria registered their driest December on record, and drier
than normal conditions were reported in Germany, Romania, Hungary, northern Spain, Italy,
the Balkan countries, Greece and western Turkey. At the same time, heavy rainfall occurred in
southern Spain, Crete, central Turkey, northwestern Russia and western Kazakhstan. The year
ended with lower than average temperatures in countries around the Caspian Sea (West Kaza-
khstan, Armenia, Georgia and Azerbaijan) and central Europe, but warmer in northern and
southern Europe influenced by the central Europe high. Denmark was warmer in December
(6th warmest since 1874) than in November.

2.1.2 2016 compared to the 2000-2015 average

Calculations of meteorological data have been made with the ECMWF-IFS model with virtu-
ally the same model setup for the years 2000-2016, including also 2017. Here the 2000-2015
model calculated climatology is compared to 2016.
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Figure 2.3: Meteorological conditions in 2016 compared to the 2000-2015 average (climavg) for: (a)
Summer (April-September) precipitation [mm], (b) Winter (January-March and October-December)
precipitation [mm]. The meteorological data have been calculated with the ECMWF-IFS model.
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Compared to the 2000-2015 average, higher temperatures in 2016 are clearly seen in Fig-
ure 2.1 (a) especially over the Arctic region, but also over northern, eastern and southern
Europe. The 2016 summer months (April-September) compared to the 2000-2015 average
in Figure 2.2 (a) show higher temperatures in northern, southwestern and eastern Europe and
lower temperatures in southern and western central Europe. Figure 2.2 (b) highlights that the
2016 cold period (January-March and October-December) differs from the 2000-2015 aver-
age, as it was strongly influenced by the exceptionally warm weather over the Arctic region,
but also the relatively cold spring in western Europe had large effects on the annual tempera-
ture.

Figure 2.1 (b) shows that southern, eastern and northeastern Europe received larger amounts
of precipitation than the 2000-2015 average, whereas central and western Europe received far
less. Compared to the 2000-2015 average, the 2016 summer months (April-September) (Fig-
ure 2.3 (a)) in northeastern, eastern and south central Europe and the European part of Russia
were wet, while northwestern and central Europe were very dry during the same period. Fig-
ure 2.3 (b) show that for the 2016 winter months (January-March and October-December)
precipitation was higher in southeastern and southwestern Europe and lower in northern Eu-
rope and the northern European part of Russia compared to the 2000-2015 average.

2.2 Measurement network 2016

In 2016, a total of 32 Parties reported measurement data of inorganic components, particulate
matter and/or ozone to EMEP from altogether 161 sites, which are the relevant components
for level 1 sites (UNECE 2009). All data are available from the EBAS database (http:
//ebas.nilu.no/) and are also reported separately in technical reports by EMEP/CCC
(Hjellbrekke 2018, Hjellbrekke and Solberg 2018). Figure 2.4 shows an overview of the spa-
tial distribution of the sites reporting data for inorganic ions in air and precipitation, particulate
matter and ozone in 2016.
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Figure 2.4: EMEP measurement network for main components (left), particulate matter (middle) and
ozone (right) in 2016

130 sites reported measurements of inorganic ions in precipitation and/or main compo-
nents in air. However, not all of these sites were co-located as illustrated in Figure 2.4. There
were 73 sites with measurements in both air and precipitation. The network of ozone mea-
surements in EMEP included 139 sites. There were 70 sites measuring either PM;y or PMs 5
mass. 50 of these sites measured both size fractions, as recommended in the EMEP Monitor-
ing strategy (UNECE 2009).


http://ebas.nilu.no/
http://ebas.nilu.no/
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The stations measuring EMEP level 2 variables are shown in Figure 9.2. Compliance with
the monitoring obligations, and the development of the programme during the last decade is
discussed in Chapter 9.1.

2.3 Model setup for 2016 model runs

The EMEP MSC-W model version rv4.17a has been used for the 2016 model runs. The
horizontal resolution is 0.1° x 0.1°, with 20 vertical layers (the lowest with a height of ap-
proximately 50 meters) as discussed in chapter 8.

Meteorology, emissions, boundary conditions and forest fires for 2016 have been used as
input (for a description of these input data see Simpson et al. 2012). DMS emissions are
created ’on-the-fly’, e.g. they are meteorology dependent (see Chapter 9 in EMEP Status
Report 1/2016). For international shipping emissions data from FMI (based on AIS data) for
2015 have been applied as 2016 data were not yet available (see Chapter 3).

2.4 Air pollution in 2016

2.4.1 Ozone

The ozone observed at a surface station is the net result of various physio-chemical processes;
surface dry deposition and uptake in vegetation, titration by nearby NO, emissions, regional
photochemical ozone formation and atmospheric transport of baseline ozone levels, each of
which may have seasonal and diurnal systematic variations. Episodes with elevated levels of
ozone are observed during the summer half year when certain meteorological situations (dry,
sunny, cyclonic stable weather) favour the formation of ozone over the European continent.

Figure 2.5 shows various modelled ozone metrics for 2016 with the corresponding metrics
based on the EMEP measurement sites plotted on top of the maps. Figure 2.6 shows similar
plots with data from Airbase measurement sites. Note that most of the EMEP sites are also
classified as Airbase sites and thus included in Figure 2.6 as well. Only stations located below
500 m above see level (asl) were used in this comparison to avoid uncertainties related to the
extraction of model data in regions with complex topography. The maps show a) the mean
of the daily max concentration for the period April-September, b) SOMO35, ¢) 6-months
AQOT40 for forests (April-September) using the hours between 08 and 20 and d) POD; (only
for Figure 2.5). POD; could not be calculated from the ozone monitoring data directly and
are thus not given in Figure 2.6.

It can be noted that POD; values are substantially lower than those presented with model
version rv4.15 in Status Report 1/2017, despite AOT40 levels being rather similar. The major
reason for this difference is the change in radiation scheme, and discovery of a bug in the
older scheme. As explained in Chapter 8, these changes seem to cause substantial impacts on
POD,; for forests but not on O; or even PODj for crops.

The mean daily max O3, SOMO35 and AOT40 all show a distinct gradient with levels
increasing from north to south, a well established feature for ozone in general reflecting the
dependency of ozone on the photochemical conditions. Ozone formation is promoted by solar
radiation and high temperatures. The highest levels of these ozone metrics are predicted over
the Mediterranean Sea and in the southeast corner of the model grid.



22 EMEP REPORT 1/2018

(a) Max. O3

7000
6000
5000
4000
3000
2000
1000

(b) SOMO35

50000
30000
20000
10000
5000
2000
1000

(c) AOT40

(d) POD1

Figure 2.5: Model results and observations at EMEP stations (triangles) for mean of daily maximum
ozone concentrations (ppb, April-September), SOMO35 [ppd.days], AOT40 [ppb.hours] for forests
and POD; for forests [mmol m—2] in 2016. Only data from measurement sites below 500 meter above
sea level are shown.
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Figure 2.6: Model results and observations at Airbase stations (triangles) for mean of daily maximum
ozone concentrations (ppb, April-September), SOMO35 [ppd.days], AOT40 [ppb.hours] for forests in
2016. Only data from measurement sites below 500 meter above sea level are shown.

The measurement network are limited to the continental western part of the model domain
with no valid data in Belarus, Ukraine, Turkey or the area further east.

For the region covered by the monitoring sites, the pattern with increased levels to the
south with maximum levels near the Mediterranean is seen in the measurement data as well
as the model. The geographical pattern in the measured values is fairly well reflected by the
model results for all these three metrics. In particular, the modelled mean daily max for the
summer half year agrees very well with the measured values except for an underestimation
in a few regions, mainly in the Mediterranean. Particularly high levels are predicted by the
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model in the southeast, but due to the lack of monitoring sites here these levels could not be
validated.

A good agreement between modelled and observed levels of SOMO?35 is also seen from
Figure 2.5 and Figure 2.6. With respect to AOT40, the results shown in Figure 2.5 and Fig-
ure 2.6 indicate that the model tends to overestimate this metric in many regions compared to
what is observed. It should be noted that the O3 metrics such as AOT40 are very sensitive to
the calculation of vertical O3 gradients between the middle of the surface layer and the 3m
height used for comparison with measurements (Tuovinen et al. 2007) and thus more difficult
to compare with measurement data than e.g. the mean daily maximum. Indeed, the formula-
tion we use (Simpson et al. 2012) is probably better suited to a first model layer of 90m height
(since we equate the centre of this, ca. 45m, with a ‘blending-height’) than to a first level of
50m height (as used throughout this report), and probably needs reformulating for the new
resolution. For this reason, it seems premature to compare the modelled AOT40 values with
critical levels; this work will continue once the characteristics of the new resolution have been
studied and accounted for in more detail.

The modelled POD; pattern differs from the other metrics reflecting the influence of addi-
tional parameters such as plant physiology, soil moisture, etc. and is a metric more indicative
of the direct impact of ozone on vegetation than e.g. AOT40. The POD; field could however
not be validated by the EMEP ozone measurement data alone.

SOMOZ35 is an indicator for health impact assessment recommended by WHO, and the
results given in Figure 2.5 and Figure 2.6 indicates that the health risk associated with surface
ozone increased from northern to southern Europe in 2016. SOMO?35 is a health risk indicator
without any specific threshold or limit value. AOT40 and POD; are indicators for effects on
vegetation. UN-ECE’s limit values for forests is 5000 ppb hours, and the measurements given
in Figure 2.5 and Figure 2.6 indicate that this level was exceeded in most of the European
continent in 2016, whereas it was not exceeded in Scandinavia or the British Isles. As men-
tioned, the model predicts larger areas with exceedances than the measurements. For POD,
the limit value depends on the species and Mills et al (2011) give a value of 4 for birch and
beech and 8 for Norway spruce. The results in Figure 2.5 indicate that both these limit values
were exceeded in most of Europe. The modelled levels of POD; can however not be validated
by observations.

A more detailed comparison between model and measurements for ozone for the year
2016 can be found in Gauss et al. (2018a).

Ozone episodes in 2016

The CAMS interim annual assessment report for 2016 (Tarrason et al. 2016) presented various
episodes of O3 and PM and thus we don’t repeat these in the present report. In general, there
were fewer episodes and lower Oz levels in 2016 compared to 2015. Based on the EMEP
observational data, we identified episodes of elevated ozone during 23-24 June, 18-21 July,
23-27 August and 11-14 September. In the following we present plots for the latter of these
episodes.

11 - 14 September

Episodes of high ozone levels in September are rare, partly because the baseline level of Og
is low at this time of the year. The period 11-14 September 2016 was thus an unusual event
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Figure 2.7: Modelled and measured daily max ozone (ppb) 12 September 2016. Data from EMEP and
Airbase sites below 500 m asl are shown.

Figure 2.8: Modelled and measured daily max ozone (ppb) 14 September 2016. Data from EMEP and
Airbase sites below 500 m asl are shown.

with several monitoring sites having their annual peak ozone level during these days including
levels above the EU information threshold of 180 ;g m~3. By the start of the period a cold
front was stretching from Spain over Ireland and into the North Sea, and a weak low was
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formed on the front just west of France. The frontal zone moved slowly to the east leading
to the advection of very warm air masses from the south into central Europe. Record-high
temperatures (well above 30°C) were recorded, as well as record-high levels of ozone the
following days. The model results as well as the measurement data show the extent of the
region with high ozone levels on 12 and 14 September (Figure 2.7 and Figure 2.8). These
results indicate a very good agreement between the modelled and measured levels, both with
respect to the location of the ozone plume and the concentration levels.

2.4.2 Particulate matter

Maps of annual mean concentrations of PM,, and PM, 5 in 2016, calculated by the EMEP
MSC-W model are presented in Figure 2.9. The figures also show annual mean PM,, and
PM, s concentrations observed at EMEP monitoring network, represented by colour triangles
overlaying the modelled concentration fields.

Mean_in_2016_PM10 [ug/m3]

Mean_in_2016_PM25 [ug/m3]

Figure 2.9: Annual mean concentrations of PM,, and PM, 5 in 2016: calculated with the EMEP MSC-
W model (colour contours) and observed at EMEP monitoring network (colour triangles). Note: Ob-
servations include hourly, daily and weekly data.

The modelling results and the observations show that the annual mean levels of PM,, and
PM, s in general decrease over the land from north to south. The concentration levels are be-
low 2-5 pg m~2 in northern Europe, increasing to 5-15 g m™2 in the mid-latitude and farther



CHAPTER 2. STATUS IN 2016 27

south. Figure 2.9 also reveals that elevated PM,, and PM, ; levels of 15-20 pug m—2 occurred
in some areas (the Benelux countries and parts of Germany, Poland and East-European coun-
tries); and in most years a persistent hot-spot, with calculated PM, s and PM,, exceeding
20-30 g m~3, is seen in the Po Valley. In the regions east from the Caspian Sea (parts of
Kazakhstan, Uzbekistan, Turkmenistan) and in southern Mediterranean the model calculates
annual mean PM levels in far excess of 50 g m—3 . These high PM concentrations are due to
windblown dust from the arid soils, though the accurateness of the calculated values cannot
presently be verified due to the lack of observations in these regions.

There is quite a good agreement between the modelled and observed distribution of mean
PM,, and PM, 5, with annual mean correlation coefficients of 0.78 and 0.71 respectively, as
documented in Tsyro et al. (2018). Overall, the model underestimates the observed annual
mean PM,, and PM, 5 by 22% and 10%, respectively. A comprehensive model evaluation is
provided in Tsyro et al. 2018.
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Figure 2.10: Relative anomaly of mean PM,, and PM, 5 in 2016 from the mean in 2000-2015.

Figure 2.10 presents the relative anomaly of PM,, and PM, 5 concentration levels in 2016
compared to the corresponding averages over the 2000-2015 period. Practically over all of
the European part of the EMEP grid, the annual mean concentrations of PM,, and PM, s were
10-30% lower compared to the mean PM levels in the 2000s (and more than 30% lower in the
south-west of France, in the Pyrenees, parts of Italy, Greece, and also Scotland and the Baltic
region). On the other hand, PM,, and PM, 5 were in 2016 5-30% higher in the very eastern
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and southern EMEP areas. This is consistent with the emission changes during that period,
namely emission decrease in the western part, while increase in the eastern part of the EMEP
domain (Chapter 3). This distribution of high/low PM anomalies loosely resembles the pattern
of the reciprocal of the precipitation anomaly in 2016, shown in Section 2.1 (Figure 2.1b),
suggesting that the enhanced wet removal of aerosols from the air contributed to the lower
PM pollution in many parts of Europe in 2016.

Exceedances of EU limit values and WHO Air Quality Guidelines in 2016

This section compares the exceedances by PM,, and PM, 5 concentrations of EU critical lim-
its and WHO recommended Air Quality Guidelines (WHO 2005) calculated with the EMEP
MSC-W model and measured at EMEP sites. The EU limit values for PM,, (Council Directive
1999/30/EC) are 40 ;g m~3 for the annual mean and 50 ;g m~3 for the daily mean concentra-
tions, with the daily limit not to be exceeded more than 35 times per calendar year (EU 2008).
For PM, ., the annual mean limit value of 25 ;g m~3 entered into force 01.01.2015.

The Air Quality Guidelines (AQG) recommended by WHO (WHO 2005) are:

e for PM,,: 20 g m~? annual mean, 50 g m—? 24-hourly (99th perc. or 3 days per year)
e for PM, s: 10 ug m—2 annual mean, 25 ;1g m—> 24-hourly (99th perc. or 3 days per year)

The EU limit values for protection of human health from particulate matter pollution and
the WHO AQG for PM should apply to concentrations for so-called zones, or agglomera-
tions, in rural and urban areas, which are representative for exposure of the general popula-
tion. Prior to this report, operational EMEP MSC-W model calculations were performed on
50 50km? grid and provided regional background PM concentrations. PM,, and PM, 5 con-
centrations calculated on 0.1°x 0.1° grid are expected to offer a better representation of PM
levels occurring in rural and to some extend in urban areas.

Model results and EMEP observational data show that the annual mean PM,, concen-
trations were below the EU limit value of 40 pg m™3 for all of Europe in 2016 (Figure 2.9
(a)). The model calculates annual mean PM,, above the WHO recommended AQG of 20
pg m~3in the Po Valley and the western parts of Turkey. The highest observed annual mean
PM,, concentrations were seen in Greece (GR0001) with 34 g m—3, in Cyprus (CY0002)
with 20 g m~3, and in the Po Valley (IT0004) with 18 g m=3.

Further, the observations and model calculations show that in 2016, PM, 5 pollution did
not exceed the EU limit value of 25 g m™3 for annual mean level (except in the Po Valley
according to the model). However, there were observed cases of exceedance of the WHO
AQG value of 10 g m™3 by observed annual mean PM, s at ten sites, with the highest values
in Greece (GR0001), the Po Valley (IT0O004) and Hungary (HU0OOO2) with concentrations
above 14 ug m~—2, while some French, German, Austrian, Polish and Czech sites observed
annual mean concentrations above 10 g m—3. This pattern is quite well reproduced by the
model.

The maps in Figure 2.11 show the number of days with exceedances of 50 g m~3 for
PM,, and 25 g m~? for PM, 5 in 2016: model calculated as colour contours and observed as
triangles.

Compared to the previous year of 2015, PM limit value exceedances were registered at
fewer sites and the number of exceedance days were in general lower in 2016. Out of 63 sites
with PM,, measurements, exceedance days were observed at 34. No violations of the PM,,
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Figure 2.11: Calculated (with 0.1 °resolution) and observed (triangles) number of days with ex-
ceedances in 2016: PM,, exceeding 50 g m~3 (upper) and PM, 5 exceeding 25 ug m~3 (lower). Note:
EU Directive requires no more than 35 days with exceedances for PM ;,, whereas WHO recommends
no more than 3 days with exceedances for PM , and PM, s per a calendar year.

EU limit value (more than 35 exceedance days) were observed, still 15 sites had more than 3
exceedance days (according to WHO AQG recommendations). The highest numbers of days
with observed exceedances of PM,, were 32 at GRO0OI and 11 at ESO007.

PM, 5 concentrations exceeded the WHO AQG value at 33 out of 46 stations in 2016.
Among those, at 27 sites the number of exceedance days were more than 3 (the recom-
mended limit according to WHO AQG). The highest number of exceedance days are observed

at IT0004 (55), GR0O001 (44), HU0002 (41), AT0002 (38) and PLO009 (34).

The model calculated exceedance days in 2016 are in generally good agreement with the
observations (especially for PM, ), though it shows a tendency towards overestimation of the
frequency of exceedances in the Mediterranean region, i.e. at the sites severely affected by
Saharan dust (CY0002 and GR0O001). At those sites, and to a less degree at some Spanish and
Dutch sites, the model overestimates the number of exceedance days, more pronounced for
PM, 5.
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PM pollution episodes in 2016

Several PM pollution episodes were recorded in different parts of Europe in 2016. Among
the major PM episodes identified in the CAMS Interim Annual Assessment Report on Euro-
pean air quality in for 2016 (Tarrason et al. 2017), is a PM,,, episode 1-9 January (affected
mainly Central Europe, with minor impacts on Western and Northern Europe) and two PM, 5
episodes: 9-20 March and 4-9 December (covering Central, Western and Northern Europe).

PM25
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Figure 2.12: Modelled and observed timeseries of PM, .

Winter episodes of particulate pollution in Central Europe were already discussed in a
number of earlier EMEP Status Reports (e.g. 4/2013, 1/2014, 1/2016 and 1/2017). The
meteorological situations favouring them are typically characterised by low temperatures and
stagnant air conditions, and in addition enhanced use of wood burning for residential heating
in cold weather leading to considerable increase of local PM emissions.

The PM episodes in 2016 described in Tarrason et al. (2017) are confirmed both by the
EMEP MSC-W model and by observations (some examples are given in Figures 2.12 and
2.13). In addition to the 1-9 January episode, mainly seen in Central Europe (e.g. at AT0002
and DE0002 in Figure 2.12), our results also reveal an occurrence of elevated PM levels in the
second part of January at a number of sites in a large part of Europe (AT0002 in Figure 2.12;
PL0005, SI0008 and I'T0004 in Figure 2.13). We find that the March episode is mostly promi-
nent at French stations (examples for FRO018 and FR0024 are shown in Figure 2.12), but not
so pronounced elsewhere. The reported 4-9 December episode in Tarrason et al. (2017) is
embedded in a longer period with elevated PM,, and PM, 5 concentrations, lasting from the
end of November through almost end-December, as seen in Figures 2.12 and 2.13.

To facilitate a better understanding of the origin of the PM pollution, details on PM chem-
istry are also included in Figure 2.13 for three sites with available data (IT0004, SI0008 and
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