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Executive Summary

This report has been prepared for the thirty-first session of the Steering Body to EMEP.

It presents the status of transboundary deposition in Europe and analyzes the main

changes in 2005 with respect to previous years. In particular, the report focuses on

the situation in EECCA(Eastern Europe, Caucasus and Central Asia) countries, where

uncertainties in emission inventories for main pollutants and particulate matter affect

significantly the variability of the modelling results. Following the recommendations

from the Steering Body, this report presents also preliminary model estimates for 2006.

Status of monitoring efforts and data submission to EMEP in 2005

The EMEP monitoring strategy was adopted in 2004 and is due to be implemented

by the Parties by 2009 (EB.AIR/GE.1/2004/5). The reports of monitoring data for

2005 do not yet show an increase in the monitoring efforts by the Parties. While there

are strong indications that most Parties intend to comply with the requirements in the

Monitoring Strategy, there are still major improvements needed to accomplish this.

There have been positive developments in the number of sites reporting to EMEP,

mostly with respect to particulate matter mass, but for inorganics in air and precip-

itation fewer sites report now than in year 2000. Even though there is a number of

concrete actions under way, like the EMEP intensive campaigns and the opening of

new stations in EECCA countries, additional efforts are needed to increase the number

of sites within EMEP, specially those measuring nitrogen gas/particle distribution and

VOC measurements.

The positive news about the increase of the number of sites in Eastern European

countries is counterbalanced by the difficulties related to delays in reporting moni-
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toring data to EMEP and by the slow progress in the incorporation of existing data

reported to other Bodies. The Steering Body of EMEP is invited to evaluate different

alternatives and additional actions in order to improve the level of reporting measure-

ment data to EMEP. There is a general need to establish better routines within the

programme to improve exchange of information and coordinate efforts in relation to

the provision of additional measurement data.

Status in 2005, uncertainties in emission data from EECCA countries

The reporting of emission data to EMEP by the Parties has evolved very positively

over the last five years. Although the number of countries reporting has been quite sta-

ble since 2000, the timeliness and completeness of the data reported has increased sig-

nificantly. This is a positive development, which encompass with the increased focus

in the review process of emission data, has resulted in better feedback and evaluation

of emissions. However, the reported emission data available for EMEP assessments

represents only 42% of the total information needed.

The review of reported emission data generally results in a series of replacements

of the official estimates by non-Party estimates. This year, the replacements affect

primarily EECCA countries. It is shown that the main reason for the replacements is

incomplete or erroneous allocation of sources in different activity sectors. In particu-

lar, for PM, many Parties have not included PM emissions from agricultural practices

and in some cases, also PM sources from residential sources and from production pro-

cesses are not reported. For main pollutants, incomplete or erroneous sector allocation

are also identified problems specially in the reports from EECCA countries. In these

cases, bilateral communication between national experts and the EMEP centers should

continue, but additional actions seem also necessary. Regular training courses and

workshops with guidance on how to compile emission data should be carried out, in

order to reduce the uncertainties of emission data in these countries.

In 2005, the effect of the replacements of emission data by non-Party estimates

results in generally higher emission levels in the EECCA region, varying from 5%

increase for SO2 emissions and up to 50% increase for primary PM emissions. The

effect of this increase in the air concentration and depositions over the EMEP area

is significant. Both sulphur and nitrogen deposition increase over the EECCA area,

specially nitrogen depositions increase by about 30%. This gives rise to increases in

the exceedances of critical loads and in particular for nutrient nitrogen, the ecosystem

area at risk increases from 42 to 48%. For ozone, the effect of emission changes of NO2

and NMVOC in EECCA countries implies an increase of mean ozone by less than 5%.

This a combination of titration effects and the fact that ozone in EECCA countries is

to a large extent determined by long-range transport from European central areas and

by free tropospheric ozone. Over the Russian Federation, however, the increase of

NO2 emissions implies an increase in titration and consequently ozone decreases in
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average over the Russian Federation. The titration effect is more significant in areas

neighboring large point sources. For SOMO35, the effects are larger than for mean

ozone and in some regions over EECCA countries can lead up to 10-15% increase.

It is interesting to note that the variability in the results imposed by uncertainties

in the emission data from EECCA countries is stronger than the effect of inter-annual

variations, as referred below.

Status in 2005, changes with respect to 2004

The total changes between 2005 and 2004 are both due to meteorological variabil-

ity and to changes in emissions.

For the whole EMEP area, emission changes between 2005 and 2004 were gener-

ally small, with averaged reductions of -0.5% for SOx,-2.2% for NOx, -0.4% for NH3,

-0.4% for PPM2.5 and -3.8% for PPMcoarse, and no significant changes for NMVOCs.

However, some individual country emissions change significantly, and in general,

emission changes from 2004 to 2005 are characterized by a large spatial variability

all across Europe. The most significant changes in emissions from 2004 to 2005 are:

a) the decrease of NOx traffic emissions from EU countries due to the implementa-

tion of new EU regulation, b) the general increase of ship traffic emissions and c) the

reduction of primary PMcoarse emissions from agriculture.

The meteorological year 2005 was characterized by a stable high pressure system

over the Arctic Region and was generally colder in southern Europe than for other

years. The cold average temperatures over southern Europe in 2005 are in contrast

with the situation in 2002 and 2003, but it should be noted that also in 2004, at least for

western Europe, mean temperatures were generally lower than for the averaged years.

Over south-western Europe, 2005 was generally drier than average and precipitation

amounts over Norway, Italy and south- eastern Europe were higher in 2005 than in the

previous years.

The largest differences in wet deposition between 2005 and 2004 are caused by

the differences in meteorology. In general, dry deposition is more directly related to

the emissions, especially for oxidized sulfur and reduced nitrogen, since the primary

components SO2 and NH3 are efficiently dry deposited. Therefore, a major part of the

differences in dry deposition between 2004 and 2005 are caused by the changes in the

emissions. Overall, the changes in deposition between the 2004 and 2005 calculations

are around ± 20% for most of Europe, but more than 30% for some areas. For NO2

and ozone, the total changes are a combination of both effects that in many places

act in different directions. For instance, while increased NO2 emissions in Spain act

to decrease ozone and SOMO35 levels in 2005, the colder and drier meteorological

conditions enhance SOMO35 over that area. Although there is a significant variability

in the combination of the two different effects over the EMEP domain, the general

changes are mostly below 10% both for NO2 and SOMO35.
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Improvements understanding nitrogen compounds

The number of stations reporting nitrogen compounds to EMEP is increasing.

However, there are still problems associated with the gas-particle measurements within

the EMEP network, due to the widespread use of filter-packs. It is only the UK, the

Netherlands and Ispra, that carry out measurements of nitrogen compounds with the

recommended denuder method. Therefore, it is hard to make firm conclusions about

the model performance for nitric acid and aerosol nitrate. Aerosol nitrate seems to be

overestimated by the model in the cold season. Still, there is no evidence of system-

atic biases in the performance for nitric acid, and for the sites with the most reliable

measurements (e.g. Montelibretti in Italy and the German sites) the model performs

rather well, both with respect to temporal variation and absolute values. For ammo-

nium, the model performs fairly well with high temporal correlation coefficients (0.6-

0.7). However, ammonium is overestimated in the cold seasons, the same as nitrate.

No systematic deviations are found for ammonia with respect to seasons. The model

overestimates the low ammonia concentrations for instance in forest areas and under-

estimates high concentrations in EMEP sites. This is probably related to the current

horizontal resolution of the model, being too coarse to capture the large spatial gra-

dients associated with ammonia. Further progress will require the use of the EMEP

model in higher resolution.
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CHAPTER 1

Introduction

1.1 Overview

The mandate of EMEP is to provide sound scientific support for the Convention on

Long-range Transboundary Air Pollution (LRTAP), in particular in the areas of atmo-

spheric monitoring and modelling, emission inventories and 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 and new findings of relevance to the Convention.

In order to better fulfill its purpose the present report has been divided into two

parts.

Part I presents the status of transboundary air pollution with respect to acidifica-

tion, eutrophication and ground level ozone in Europe in 2005. The focus is to identify

the main changes with respect to previous years, both concerning changes due to emis-

sions and to meteorological variability. This first part contains three different chapters.

Chapter 2 contains an overview of the reports on emissions and measurement data

from the countries together with a general evaluation of transboundary fluxes in 2005.

All through Part I, a special effort has been made to identify differences between re-

sults when using emission data reported officially by Parties and when using non-Party

emission data. Chapter 3 and Chapter 4 present detailed analysis of the status in 2005

respectively for acidification and eutrophication and for ground level ozone. In par-
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ticular, these chapters analyze the main changes in 2005 with respect to 2004 and

preliminary estimates for year 2006 are also presented.

Part II presents new developments of relevance to the EMEP programme. Each of

the two chapters in the second part of this report follow-up a different research area

reflecting the conclusions from the Gothenburg workshop on air pollution and its re-

lations to climate change and sustainable development (ECE/EB.AIR/GE.1/2007/5).

The workshop identified among others, Nitrogen and Climate Change as key areas

requiring further attention in the short term work of the Convention. Initial progress

made within EMEP to extend the basis for validation of nitrogen gas-to-particle par-

titioning and thus contribute to a better understanding of the nitrogen cycle in the

atmosphere is presented in Chapter 5. The last chapter, Chapter 6 reports on EMEP

contribution to the Royal Society Study on future changes on ground level ozone.

Other new developments within EMEP have taken place. Although they are not

documented here, they have been made available during the last year, either as peer-

reviewed publications, technical reports or data notes. These are presented in sec-

tion 1.4. Of particular significance is the progress within the CARBOSOL project

understanding the carbonaceous components in European particulate matter, the de-

velopment of the global version of the EMEP Unified model and the study on different

measures to control ship traffic emissions, in co-operation with IIASA and ENTEC.

1.2 Definitions, statistics used

For sulphur and nitrogen compounds, the basic units used throughout this report are

µg (S or N)/m3 for air concentrations and mg (S or N)/m2 for depositions.

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 µg 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 concentra-

tion for each day, then we take the 6-monthly mean of these values, over the

6-month period 1 April - 30 September.

SOMO35 - The Sum of Ozone Means Over 35 ppb is the indicator for health impact

assessment 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 O3 is selected and the values over 35 ppb are

summed over the whole year.
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If we let Ad
8 denote the maximum 8-hourly average ozone on day d, during a

year with Ny days (Ny = 365 or 366), then SOMO35 can be defined as:

SOMO35 =
∑d=Ny

d=1
max

(

Ad
8 − 35 ppb, 0.0

)

where the max function ensures that only Ad
8 values exceeding 35 ppb are in-

cluded. The corresponding unit is ppb.days.

AFstY - the accumulated stomatal ozone flux over a threshold Y nmol m−2 s−1, i.e.:

AFstYgen =

∫

max(Fst − Y, 0) dt (1.1)

where stomatal flux Fst, and threshold, Y , are in nmol m−2 s−1, and the max

function evaluates max(A − B, 0) to A − B for A > B, or zero if A ≤ B. This

integral is evaluated over time, from the start of the growing season (SGS), to

the end (EGS).

For the generic crop and forest species, the suffix gen is usually applied, e.g.

AFst1.6gen is used for forests.

AOT40 - the accumulated amount of ozone over the threshold value of 40 ppb, i.e..

AOT40 =
∫

max(O3 − 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 (abbrevi-

ated to ppb.h). The usage and definitions of AOT40 have changed over the years

though, and also differ between UNECE and the EU. Mills (2004) give the lat-

est 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 vegeta-

tion, and the latter being closer to the height of O3 observations. In the Mapping

Manual (Mills 2004) there is an increased emphasis on estimating AOT40 using

ozone levels at the top of the vegetation canopy.

Although the EMEP model now generates a number of AOT-related outputs, in

accordance with the recommendations of (Mills 2004) we will concentrate in

this report on two definitions:

AOT40uc
f - AOT40 calculated for forests using estimates of O3 at forest-top (uc:

upper-canopy). This AOT40 is that defined for forests by Mills (2004), but

using a default growing season of April-September.
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AOT40uc
c - AOT40 calculated for agricultural crops using estimates of O3 at the

top of the crop. This AOT40 is close to that defined for agricultural crops

by Mills (2004), 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. Model outputs are also available using the EU

definition, but not presented here).

The AOT40 levels reflect interest in long-term ozone exposure which is consid-

ered important for vegetation - critical levels of 3 000 ppb.h have been suggested

for agricultural crops and natural vegetation, and 5 000 ppb.h for forests (Mills

2004). Note that recent UNECE workshops have recommended that AOT40

concepts are replaced by ozone flux estimates for crops and forests.

This report includes also concentrations of particulate matter (PM). The basic units

throughout this report are µg/m3 for PM concentrations and the following acronyms

are used for different components to PM:

SIA - are secondary inorganic aerosols and are defined as the sum of sulphate (SO4),

nitrate (NO3) and ammonium (NH4). In the Unified EMEP model SIA is calcu-

lated as the sum: SIA= SO4 + NO3(fine) + NO3(coarse) + NH4

PPM - denotes primary particulate matter, originating directly from anthropogenic

emissions. It is usually distinguished between fine primary particulate matter,

PPM2.5, with dry aerosol diameters below 2.5 µm and coarse primary particu-

late matter, PPMco, with dry aerosol diameters between 2.5µm and 10µm.

PM2.5 - denotes fine particulate matter, defined as the integrated mass of aerosol with

dry diameter up to 2.5 µm. In the Unified EMEP model PM2.5 is calculated as

the sum: PM2.5 = SO4 + NO3(fine) + NH4 + PPM2.5

PMcoarse - denotes coarse particulate matter, defined as the integrated mass of aerosol

with dry diameter between 2.5µm and 10µm. In the Unified EMEP model

PMcoarse is calculated as the sum: PMcoarse = NO3(coarse) + PPMco

PM10 - denotes particulate matter, defined as the integrated mass of aerosol with dry

diameter up to 10 µm. In the Unified EMEP model PM10 is calculated as the
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sum: PM10 = SO4 + NO3(fine) + NH4 + PPM2.5+NO3(coarse) + PPMco

1.3 Country Codes

The number of Parties to the Convention has increased this year to 51 the inclusion of

Serbia and Montenegro as two separate Parties. They are considered in the calculations

from this year as two independent Parties, while for previous years, calculations for

only one country were presented.

Many 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 in the present report calculations.

All 51 Parties to the LRTAP Convention, except five, are included in this report

calculations. The Parties that are excluded of the analysis are: Kyrgyzstan, Canada

and United States of America, Monaco and Liechtenstein. The first three countries are

not included because they lie outside the EMEP area domain. Monaco and Liechten-

stein are not included because their emissions and geographical extents are below the

accuracy of the source-receptor calculations.

Malta is introduced as a receptor country. The estimated emissions from Malta

are below the accuracy limits of the source-receptor calculations and do not justify a

separate study of Malta as a emitter country.

For the purposes of this report the EECCA(Eastern Europe, Caucasus and Central

Asia) countries definition includes only those within the domain of EMEP: Arme-

nia, Azerbaijan, Belarus, Georgia, Kazakhstan, Moldova, the Russian Federation and

Ukraine.

1.4 Other Publications

This report is complemented with EMEP Status Report 4/2007 on Transboundary Par-

ticulate Matter in Europe and by country specific reports on the 2007 status of trans-

boundary acidification, eutrophication, ground level ozone and PM. This year respond-

ing to a direct request from EECCA countries, we have translated their country reports

to russian language.

A list over all associated technical reports and notes by MSC-W and CCC in 2007

follows at the end of this section. In addition, the following scientific papers of rele-

vance to transboundary air pollution and involving EMEP/MSC-W and CCC staff have

become available in 2006/2007:
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Code Country/Region Code Country/Region
AL Albania HU Hungary

AM Armenia IE Ireland

ASI Remaining Asian areas IS Iceland

AT Austria IT Italy

ATL Remaining N.-E. Atlantic Ocean KZ Kazakhstan

ATX N.-E. Atlantic Ocean, external LT Lithuania

AZ Azerbaijan LU Luxembourg

BA Bosnia and Herzegovina LV Latvia

BAS Baltic Sea MD Republic of Moldova

BLS Black Sea ME Montenegro

BE Belgium MED Mediterranean Sea

BG Bulgaria MK The FYR of Macedonia

BIC Boundary and Initial Conditions MT Malta

BY Belarus NAT Natural marine emissions

CH Switzerland NL Netherlands

CY Cyprus NO Norway

CZ Czech Republic NOA North Africa

DE Germany NOS North Sea

DK Denmark PL Poland

EE Estonia PT Portugal

EMC EMEP land areas RO Romania

ES Spain RS Serbia

EU European Community RU Russian Federation

FI Finland RUX Russian Federation, external

FR France SE Sweden

GB United Kingdom SI Slovenia

GL Greenland SK Slovakia

GE Georgia TR Turkey

GR Greece UA Ukraine

HR Croatia

Table 1.1: Country/Region codes used in the source-receptor calculations

Russian Federation means the part of the Russian Federation inside the EMEP official domain.

The same applies to the Remaining N.E. Atlantic region and natural marine emission area as

well as the countries included in North Africa and Remaining Asian areas. ATX and RUX

mean the parts of the Atlantic and Russia outside the EMEP official domain but inside the

EMEP domain of calculation. North Africa includes parts of Morocco, Algeria, Tunisia, Libya

and Egypt. Asia includes Syria, Lebanon, Israel, parts of Uzbekistan, Turkmenistan, Iran,

Iraq and Jordan. The European Community includes Austria, Belgium, Denmark, Finland,

France, Germany, Greece, Ireland, Italy, Luxembourg, The Netherlands, Portugal, Spain, Swe-

den, United Kingdom, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta,

Poland, Slovakia, Slovenia, Bulgaria and Romania.
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CHAPTER 2

Transboundary pollution in 2005: an overview

Leonor Tarrasón, Anna Benedictow, Wenche Aas, Heiko Klein and Vigdis Vestreng

This chapter presents the main changes in transboundary air pollution in Europe in

2005 as estimated by the EMEP Programme.

First the status of reporting monitoring and emission data by the Parties is sum-

marized. Main changes in the distribution and intensity of emission sources are also

analyzed and a special effort has been made to identify where official emissions are

lacking or have been replaced by non-Party estimates. Then, the meteorological con-

ditions of the year 2005 are characterized with respect to other years. Finally, the

influence of such changes in transboundary pollution levels in 2005 is presented and

main uncertainties are identified.

In 2005, main uncertainties in acidification, eutrophication and ground level ozone

were associated to the emission levels of main pollutants in EECCA(Eastern Europe,

Caucasus and Central Asia) countries. As shown below, the level of such uncertainties

has a stronger effect in the results than the meteorological inter-annual variability.

2.1 Status of contribution from Parties to EMEP

EMEP relies on the contribution from the individual countries to fulfill its operational

goals. Since 2004, with the adoption of the new Monitoring Strategy of EMEP, the

goals for monitoring within EMEP have become more clear. From next year, the

monitoring reports from countries are expected to show a long needed increase in the

number of stations and components, but this is still not the situation for 2005 when the

13
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number of reports for main pollutants, ozone and VOC were quite similar in number to

those reported in year 2000, and even lower. Even though there is a number of concrete

actions under way, like the EMEP intensive campaigns and the opening of new stations

in EECCA countries, it still remains a big challenge to increase the number of sites

within EMEP, specially those measuring nitrogen gas/particle distribution and VOC

measurements.

For emissions, the situation is somewhat different. The reporting of emission data

to EMEP by the Parties has evolved very positively over the last five years. Although

the number of countries reporting has been quite stable since 2000, the timeliness and

completeness of the data reported has increased significantly. This is a very positive

development, which encompassed with the increased focus in the review process of

emission data, has resulted in better feedback and evaluation of emissions. Still, un-

certain and incomplete emission data, specially in EECCA countries are an unresolved

problem and further actions are necessary to secure better insight over pollution levels

in that area.

2.1.1 Submission of measurement data

The outcome from various questionnaires and responses at TFMM meetings indicate

that most Parties intend to comply with the monitoring requirements by 2009, which is

the year when the EMEP Monitoring Strategy should be implemented (EB.AIR/GE.1/2004/5).

However, there are some challenges to accomplish this goal.
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Figure 2.1: EMEP level 1 measurements in 2000 and 2005.

Figure 2.1 and Figure 2.2 show a comparison the number of sites and type of data

that have been reported to EMEP/CCC for the years 2000 and 2005, respectively for

Level 1 and Level 2 stations.
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Figure 2.2: EMEP level 2 measurements in 2000 and 2005.

For level 1, there is not much change from 2000 to 2005, except for some fewer

sites for main components in air. For PM10 and PM2.5 there is a positive tendency, but

there is still a long way to go to reach the target with mass measurements at all the

EMEP sites. There are relatively few sites with a complete measurement programme.

In particular, there is a need for more sites measuring base cations in air and including

low cost denuder measurements.

The inclusion of low cost denuders in level 1 stations has not been reported yet

from any site. Still, we are aware that in 2006, some EMEP sites started measuring

gas/particle distribution with low cost denuders. It is also expected that the EU project

NitroEurope will probably be a positive contribution for the EMEP program and en-

courage a more extended use of these low cost denuders, since several EMEP sites are

participating in the project.

The spatial distribution of level 1 sites is not satisfactory, still there are relatively

few sites in southeast and east of Europe. But there are some positive tendencies,

with new sites being established in the EECCA region. Sites in Kazakhstan, Moldova,

Georgia and Armenia will start measuring in 2007 and 2008. Other countries like

Romania and Ukraine will probably establish EMEP sites in the near future.

For level 2 stations, the number of sites reporting to EMEP remains quite constant

and there are little differences from 2005 with respect to 2000. There is a positive ten-

dency in the number of sites measuring VOC, mercury and EC/OC, but the number of

sites monitoring POPs is decreasing. Even though it seems like many Parties comply

with the number of sites requested for NOx measurements, it should be noted that only

Switzerland measures with the recommended method at one site, using a monitor with

photolytic converter. In addition to the number of sites in Figure 2.2, EMEP organized
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an intensive measurement campaign in June 2006 and January 2007. Under this in-

tensive measurement campaign, a total of 10-15 sites conducted level 2 measurements

for PM, including EC/OC measurements and chemical speciation in different aerosol

sizes. Hopefully several of these sites will include some of these measurements in their

regular monitoring programme.

To be able to fulfill the monitoring requirements for level 2 (and level 3), the links

between EMEP, WMO-GAW and various European research projects need to be re-

inforced. Good co-operation is already in place with regard to aerosol measurements

and as indicated in Figure 2.2 there is an increase in the number of sites measuring

EC/OC and level 3 aerosol parameters. However, it is still a big challenge to increase

the number of sites measuring nitrogen gas/particle distribution and VOC, as well as

POPs. It is expected that the new EU daughter directive on PAH and heavy metals

will contribute to increase the focus on VOC measurements as well as POPs and heavy

metals at EMEP sites. For nitrogen gas/particle distribution additional actions will be

necessary.

Timeliness of measurement reports

Unfortunately, in the last few years, we have experienced a tendency of reduced time-

liness in data submission to EMEP. The deadline for data reporting is October 1st each

year for data of the previous year. Figure 2.3 compares the date of submissions be-

tween 2000 and 2005 measurements. The dates indicate receipt of the first data sets

only, and several Parties send additional data even later. This is especially the case for

the more advanced measurements like POPs, VOC and heavy metals.
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Figure 2.3: Dates for the first data submissions to EMEP/CCC for 2000 and 2005 data.

As shown in Figure 2.3 there is an increase in the number of Parties reporting data,

but there are also more Parties that report late, some Parties even not before June. 45 %
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of the Parties did not report in time for the 2005 data, 20 % reported after 1st January

2007.

A possible reason for the delay is a higher workload for the Parties to submit data

due to the increased number of parameters and the fact that it is not always the same

data provider for the different type of measurements. However, late submissions ham-

per the working capability of the whole EMEP programme. EMEP/CCC needs to

quality assure the data before sending them further for model validation and then re-

port it back to the Steering Body. Unfortunately data submitted late will be subject to

a less thorough QA/QC review, and this is not a satisfactory situation. Often, data are

barely available to be included in the EMEP reports, though the centers are stretching

the limits far to have them included. Ideally, a first screening of all the data should have

been conducted at the end of the year, and a first comparison with the EMEP model

results in January/February (using emissions from previous years). We have experi-

enced that many mistakes in data reports are discovered during this inter-comparison

process with model results.

Probably, a feedback process and regular bilateral contacts with the Parties may

increase the awareness of the Parties in the need for quality assessment within EMEP

and the importance of timely data reports. It is recommended for the Steering Body

to consider whether such a process can be implemented through the Tasks Force on

Measurements and Modelling in a similar way as it is working for the revision of

emission data with EMEP.

Observational data not available to EMEP

The EMEP programme and the EC-Air Quality Framework Directive (AQFD) both

define monitoring requirements to its Parties. While there are differences in the objec-

tives and hence the actual measurement programme, there are also several similarities,

which make the exchange of information beneficial. As EMEP is mainly focusing on

rural and background areas, it is mainly such data, which are of interest for EMEP.

In several countries, there are sites from which data are reported to both to EMEP

and to AirBase (the EEA database storing data for the monitoring performed under

the AQFD). Further, harmonization of data reporting is to some extent developed on a

technical level.

Still, in many cases data relevant for EMEP is reported only to AirBase. The

reporting of the data to AirBase via the DEM tool can also be used to report data

to EMEP. However it is necessary to include additional metadata information in the

DEM. Otherwise EMEP will not get direct access to these data, and it will be unclear

whether they are meant to be reported for both bodies or not. It seems like many Parties

forget to include this type of information and therefore some of the AirBase data are

not forwarded to EMEP/CCC. This is especially a problem for particulate matter mass

concentration data.

Figure 2.4 presents the number of rural background sites for which data on particu-

late matter has been reported to EMEP and AirBase in 2001 and 2005, respectively. It
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is clear that reporting to AirBase has increased more than reporting to EMEP, changes

are largest in the EU15 countries. EMEP had more measurements of PM2.5 than in Air-

base for 2001, but in 2005 there are twice as many rural background sites reported to

AirBase than to EMEP. Not all the rural background sites in AirBase are EMEP sites,

but nevertheless it is apparent that EMEP miss out quite a lot of valuable data. To be

more specific: Belgium, Bulgaria, Finland, the United Kingdom, the Netherlands and

the FYR of Macedonia report PM10 measurements at EMEP sites to AirBase but not

to EMEP. Also Austria, Germany and Denmark have measurements at EMEP sites not

being reported to EMEP but to AirBase. One reason can be that the additional mea-

surements reported to AirBase don’t fulfill EMEP recommendations or data quality

objectives.

Figure 2.4: Number of rural background sites reporting PM10 and PM2.5 measurements

to AirBase and EMEP in 2001 and 2005.

Several Parties have other data relevant to EMEP, which are not reported to the

programme. One example is the UK having a large number of sites measuring heavy

metals. For some sites data are reported to OSPAR/CAMP, but there is a large number

of additional sites measuring heavy metals, which are not being reported. Further-

more, UK has a large network of ammonia measurements. These are available to the

scientists at the EMEP centers, as reported in Chapter 5, but it is also necessary that

these data are reported and stored in the EMEP/CCC database, so that they are also

available to the larger EMEP community.

There is a general need to establish better routines within the programme to im-

prove exchange of information and coordinate efforts in relation to the provision of

additional measurement data.
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2.1.2 Submission of emission data

The number of Parties reporting emission data to the Convention has been quite con-

stant since year 2000. This year 37 of the 51 Parties to the Convention, corresponding

to 73 %, submitted emission data. 28 of these, corresponding to 55 % of the Parties,

reported the emission data within the deadline.

The number of Parties submitting emission data to EMEP has not increased during

the last five years although the number of Parties to the Convention has increased from

46 to 51 in the period. However, as indicated in Figure 2.5, there has been a significant

increase in the number of Parties reporting emissions within deadline. The increase

is related to the extension of the submission deadline to 15th February after the 2002

Guidelines for Reporting Emissions were adopted.
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Figure 2.5: Number of Parties reporting emission data to EMEP since 2000. The total

number of Parties has increased from 46 in 2000 to 51 in 2005.

Since the time of adoption of the 2002 Guidelines, the actual emission informa-

tion reported to EMEP has increased significantly, both with respect to sector specific

emissions and with respect to gridded data. Every five years, Parties to the Convention

are requested to provide additional information on gridded distributions of emissions,

activity data and projections. This year, such information was required to the Parties

for emissions in 2005.

It is encouraging to note that the availability of gridded sector data has increased

considerably compared to previous years, as illustrated in Figure 2.6. It is also positive

that the increase in data availability involves not only main pollutants but also PM,

HMs and to a lower extent also POPs. Gridded sector data is particularly relevant to

EMEP because the dispersion of pollution in the atmosphere is very dependent on the

actual location of the sources. These data are direct input to EMEP modelling and their

quality determines to a large extent the validity of the modelled results. It should still
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Figure 2.6: Number of Parties reporting gridded sector data to EMEP, increase since

last year. Source:Vestreng et al. (2007)

be noted that despite this increase, 68 % of all EMEP Party areas are still not covered

by these data.

The status of submissions of emission data to the Convention in 2005, together with

the results from the review process are presented in detail in Vestreng et al. (2007).

Documentation of the data used for modelling at MSC-W and an analysis of differ-

ences with previous years follows below.

2.2 Emission data used for modelling in 2005

EMEP/MSC-W uses officially reported emission data for modelling purposes when

the official data is available for the simulation year (or a year close enough) and when

the available data has fulfilled the QA/QC requirements of the annual emission review.

When official emission data is not available, EMEP/MSC-W uses instead non-

Party estimates to complete the necessary emission input information.

When official emission data is available but has not passed the review requirements,

EMEP/MSC-W substitutes the official data by an independent non-Party estimate.

An overview of the emission data used by country for the 2005 calculations pre-

sented throughout this report is provided in Table 2.1. Official gridded sector data

values have been used for twenty countries: Austria, Belarus, Germany, Denmark,

Estonia, Finland, France (for 2000), Hungary, Ireland, Italy (for 2000), Lithuania,

Latvia, Netherlands (for 2000), Norway, Portugal (for 2004), Sweden, Slovenia, Spain,

Switzerland and United Kingdom (for 2004).

For 9 countries, no official emissions estimates are available and MSC-W had
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Table 2.1: Overview of the origin of emission data used in EMEP/MSC-W modelling

in 2005
Country name Official reports Replacements Non-Party estimates

Albania   CIAM report 1/2006 + MSCWgrid

Armenia   CIAM reports + MSCW grid

Austria 15/02/07 no  

Azerbaijan 30/03/03 For all sectors, for reported components EDGAR + MSCW grid

Belarus 15/02/07 Yes, except for NH3 CIAM report 1/2006 + MSCWgrid

Belgium 23/03/07 no MSCW grid

Bosnia Herzegovina   CIAM report 1/2006 + MSCWgrid

Bulgaria 16/02/07 no MSCW grid

Croatia 2006 yes, for PM CIAM report 1/2006 + MSCWgrid

Cyprus 16/02/07 no  MSCWgrid

Czech Republic 15/02/07 yes, for NMVOC CIAM reports+ MSCWgrid

Denmark 15/02/07 no  

Estonia 15/02/07 no  

Finland 15/02/07 yes, for CO CIAM reports+ MSCWgrid

France 15/02/07 no  

Georgia   CIAM report 1/2006 + MSCWgrid

Germany 15/02/07 no  

Greece 15/06/07 yes, for CO, S7 CIAM reports+ MSCWgrid

Hungary 15/02/07 yes, for PM CIAM reports+ MSCWgrid

Iceland   EDGAR + MSCWgrid

Ireland 15/02/07 yes, for PM CIAM reports + MSCWgrid

Italy 2006 and 2000 no  

Kazakhastan   EDGAR + MSCWgrid

Kyrgyzstan   EDGAR + MSCWgrid

Latvia 15/02/07  no  

Lithuania 15/02/07 yes, for PM CIAM reports + MSCWgrid

Luxembourg 2006  CIAM reports+ MSCWgrid

Malta 22/02/07 no CIAM reports + MSCWgrid

Moldova 14/02/07 yes, except for NMVOC and Nox CIAM report 1/2006 + MSCWgrid

Montenegro   CIAM report 1/2006 + MSCWgrid

Netherlands 15/02/07 and 2000 no  

Norway 15/02/07 no  

Poland 15/03/07 no  MSCWgrid

Portugal 15/02/07 and 2004 no  

Romania 15/02/07 yes, except for SOx and PM CIAM report 1/2006 + MSCWgrid

Russian Federation 13/02/07 yes, for all components CIAM report 1/2006 + MSCWgrid

Serbia 13/02/07 yes, for NOx and SOx CIAM report 1/2006 + MSCWgrid

Slovakia 15/05/07 yes, except for NOx and SOx CIAM reports + MSCWgrid

Slovenia 14/02/07 yes, for NH3 and CO CIAM reports 

Spain 23/05/07 no  

Sweden 15/02/07 no  

Switzerland 15/02/07 no  

TFYROM 26/02/07 yes, for SOx,CO and NMVOC CIAM report 1/2006 + MSCWgrid

Turkey   CIAM report 1/2006 + MSCWgrid

Ukraine 23/03/07 yes, except for PM CIAM report 1/2006 + MSCWgrid

United Kingdom 15/02/07 and 2004 no  
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to derive their own estimates from independent sources. In these cases, the main

source of information for national emissions and sector data are the reports from

CIAM. In particular, the latest estimates by Cofala et al. (2006) prepared last year

for the review of the Gothenburg Protocol, have been used for evaluating the data for

EECCA and Southern-Eastern Europe countries. In a few cases, where no information

is available from CIAM, estimates by EDGAR (http://www.mnp.nl/edgar) or GEIA

(http://www.geiacenter.org/) have been used. The methodology to distribute these sec-

tor emissions spatially is described in Tarrasón et al. (2004).

For 17 countries, official emissions have been replaced by information from the

independent sources above, because the official data has not complied with the quality

standard established in the EMEP emission review. The main reason to substitute

official emission estimates is an incomplete reporting of sector sources by Parties.

For this years calculations, replacements of emission data have been made primar-

ily for EECCA countries.

2.2.1 Differences in EECCA countries between official emissions

and non-Party emissions

The geographical distribution and the magnitude of replacements are shown in Fig-

ure 2.7. With very few exceptions, the corrections of official emissions has been done

mainly for EECCA countries. For Serbia and Montenegro, the substitution of official

data is related to the need of allocating emissions from these two new independent

countries.

For sulphur dioxide, the replacement of official emissions leads to 5% higher SO2

emissions over the area of the replacments. The most significant change is for Azerbai-

jan, where the official reported emissions are about a factor 10 lower than the non-Party

EDGAR estimates. For the other countries with replacements, differences in national

totals are very small for this component. The replacements have mostly addressed

reallocation of sector emissions. For example, over the Russian Federation, the large

differences in Figure 2.7 a) corresponds mainly to redistribution of emissions of SO2

reported as traffic and off-road emission to emissions in SNAP Sector 1, 2 and 4. The

sector distribution for the EECCA countries used in the replacements follows the con-

clusions from Cofala et al. (2006). It is expected that the effects of this re-allocation of

sources in different sectors, will have a significant impact on the atmospheric transport

calculations. For the Russian Federation especially, emissions in the official estimates

are considered as area (traffic) sources, while the replacements locate those sources in

power and industrial plants and are treated by the model as point sources.

For nitrogen dioxide, the replacement of official emissions leads to a considerable

increase of the total emissions of the area, in all about 20% higher emissions. The

replacements in this case are usually related to the addition of sources from SNAP

Sector 2 (Non-industrial combustion plants) and in Sector 4 (Production processes) to

the official reported values, which did not include emissions from these sources. The
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(a) SO2 emissions (b) NOx emissions

(c) NMVOC emissions (d) NH3 emissions

(e) PPM2.5 emissions (f) PPMcoarse emissions

Figure 2.7: Differences between replacements by non-Party estimates and official es-

timates in 2005. Positive values show where the non-Party emissions are higher, neg-

ative values show where official emissions are higher. Units: Mg
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increase in NMVOC emissions due to the use of replacements leads also to 20% higher

emissions in the area of the replacements. The largest increases are for Ukraine and in

the case of the Russian Federation, the changes are due to the redistribution of sources

in Sector 3 (Combustion in Manufacturing Industry) to other sectors, and specially

Sector 6 (Solvent Use).

For ammonia emissions, the replacement of official emissions implies also a sig-

nificant increase in the ammonia emission estimates over the area, over 30% emission

increase. The largest increases are for Ukraine, Romania and the Russian Federation.

Specially for the Russian Federation, the spatial distribution of ammonia is signifi-

cantly different between the official estimates and the replacements. This is because

emissions of ammonia are reported by the Russian Federation to be in SNAP Sector

8 (Other mobile source and off-road) and not in Sector 10 (Agriculture). The spatial

distribution of emissions from these two sectors are considerably different and that

explains the differences illustrated in Figure 2.7 d).

The largest relative difference between official emission estimates and non-Party

estimates is for primary PM emissions. The non-Party emissions are about double as

large than those reported officially. The increases illustrated in Figure 2.7 e) and f) are

of the order of 50% for fine PPM2.5 and of 60% for PPMcoarse emissions. The reason

for these large differences between official and the independent non-Party estimates

is incomplete reporting by the Parties. In most cases, the Parties have not included

PM emissions from agricultural practices (SNAP Sector 10). These are relevant PM

sources for PM and justify the large underestimation in the incomplete official reports.

In some countries, in addition, PM sources from residential sources (Sector 2) and from

production processes (Sector 4), also relevant PM activity sectors are not included in

the incomplete official reports.

This analysis indicates that the main reason for the replacements of official emis-

sion data is related to incomplete or erroneous allocation of sources in different activity

sectors. In particular, over EECCA countries, bilateral communication between na-

tional experts and the EMEP centers should continue, but additional actions seem also

necessary. Regular training courses and workshops with guidance on how to compile

emission data should be carried out, in order to reduce the uncertainties of emission

data in these countries.

2.2.2 Differences between 2005 and 2004 emissions

The differences presented in this section are for the ’best estimate’ of emission data,

after replacements have taken place. The trends of emission data for the different main

components are given in Appendix A, for each individual country and area within

EMEP.

For the whole EMEP area, emission changes between 2005 and 2004 are generally

small, with averaged reductions of -0.5% for SOx,-2.2% for NOx, -0.4% for NH3,

-0.4% for PPM2.5 and -3.8% for PPMcoarse, and no significant changes for NMVOCs.

The individual country emissions change more significantly from 2005 and 2004,
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but these changes are different from country to country and region to region, as illus-

trated in Figure 2.8. The figure shows the variability of gridded emissions also within

individual countries. The distribution of emissions per country and sector has changed

significantly from 2004 to 2005, as a combined effect from differences in sector emis-

sions and changes in the spatial distribution of these sector emissions. It is interesting

to note, however, that emission changes from 2004 to 2005 are not so large for the

Russian Federation and Turkey as they are for other individual countries. This is sim-

ply because no data on gridded distribution of emissions has been reported from these

countries and the same methodology has been used for allocating emissions in 2004

and 2005. The changes identified in Figure 2.8 for these two countries arise thus from

sector activity changes.

The most significant changes in emissions from 2004 to 2005 are: a) the decrease

of NOx traffic emissions from EU countries, b) the general increase of ship traffic

emissions and c) the reduction of primary PMcoarse emissions from agriculture. While

the general reduction of NOx emissions over the EMEP countries is about -2.2%, the

reduction of NOx emissions in EU27 is in average -5.6% for traffic emissions in SNAP

Sector 7 and -8% for other mobile sources in SNAP Sector 8. This decrease is asso-

ciated with the implementation of new EU regulations in 2005 in EU countries. The

current estimate of trends in ship traffic emissions used in the EMEP model calcula-

tions implies an increase of 2.5% per year for these emissions (Cofala et al. (2007)).

In comparison with the annual changes of other sector emissions reported to EMEP,

this is a significant increase. Finally, for primary PM emissions, recalculations by in-

dividual countries have resulted in a significant reduction of PPMcoarse emissions, in

particular emissions from SNAP Sector 10.

2.3 Meteorological conditions in 2005

Meteorological variability has a significant effect on the inter-annual changes of air

concentrations and depositions as well as on the extent of transboundary fluxes.

Ozone is mostly determined by temperature, cloudiness, relative humidity, radia-

tion and wind flow conditions. The inter-annual variation of precipitation is consider-

able and subject to large spatial variability. The changes in precipitation affect in turn

the concentrations of PM2.5 and the distribution of sulphur and nitrogen accumulated

deposition. This implies that areas with high ozone variability do not necessarily corre-

spond with areas with high variability of PM2.5. As indicated in Tarrason et al. (2005),

for ozone, concentrations can change by 5-10% in most European regions due to me-

teorological conditions. Inter-annual meteorological variability can impose changes in

the deposition of acidifying and eutrophying compounds of about 10-20%. The effect

of meteorological variability in particulate matter concentrations in air (PM2.5) is even

larger, generally by 15-25%.

Following the analysis in Tarrason et al. (2005), van Loon et al. (2005), we present

here a characterization of the meteorological situation for years 2004, 2005 and 2006.
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(a) SO2 emissions (b) NOx emissions

(c) NMVOC emissions (d) NH3 emissions

(e) PPM2.5 emissions (f) PPMcoarse emissions

Figure 2.8: Differences in the spatial distribution of emissions between 2005 and 2004.

Units: Mg
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Figure 2.9: Characterization of annual average of 2m temperature for the latest 9 years

with respect to averages from 1995-2002. Units: degK

Figure 2.9 shows the annual mean of temperatures at 2m height for different years,

with respect to the average for the period 1995 to 2002. A corresponding charac-

terization but for accumulated annual precipitation is presented in Figure 2.10. The

meteorological year 2005 was characterized by a stable high pressure system over the

Arctic Region and was generally colder in southern Europe than for other years. The

cold average temperatures over Southern Europe in 2005 are in contrast with the sit-

uation in 2002 and 2003, but it should be noted that also in 2004, at least for western

Europe, mean temperatures were generally lower than for the averaged years. Over

southwestern Europe, 2005 was generally drier than average. Precipitation amounts

over Norway, Italy and South Eastern Europe were higher in 2005 than in the averaged

years.
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Figure 2.10: Characterization of annual accumulated precipitation for the latest 9 years

with respect to averages from 1995 to 2002. Units: mm

2.4 Main changes in transboundary fluxes in 2005

The changes in transboundary fluxes, air concentrations and depositions in 2005 will

be driven by changes in emissions and by the meteorological variability.

Since 2000, year-to-year changes in emissions within the whole EMEP area have

been relatively small. However, differences in emissions can be large for specific

areas and then the combination of emission and meteorological effects can result in

very different changes for each particular area. A detailed analysis of the origin of

the changes in 2005 with respect to 2004 and 2006 is given in the next two chapters

respectively for acidification and eutrophication (Chapter 3) and for ground level ozone

(Chapter 4). Here, we will present only changes in 2005 with respect to year 2000.

A comparison between 2005 deposition and air pollution levels with those of year

2000 shows a general decrease of pollution levels over most land areas and an increase

over sea areas, mostly due to the established increase in ship traffic emissions. This
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Figure 2.11: Difference in total deposition of oxidized Nitrogen from 2005 to 2000.

Units: (%)

is the case for most pollutant components and is illustrated in Figure 2.11, where the

effect of meteorological variability is accounted out by using an average of 8 years

meteorological data in the year 2000 calculations.

Tables 2.2 and 2.3 shows similar conclusions. The tables show emissions, deposi-

tions and ozone and PM air concentrations averaged over different groups of countries

within EMEP from year 2000 to year 2005. The countries are grouped as EECCA

countries within EMEP, including Azerbaijan, Armenia, Belarus, Kazakhstan, Geor-

gia, Republic of Moldova, Russian Federation and Ukraine, EU27 and OTHER, in-

cluding Albania, Bosnia and Herzegovina, Croatia, Iceland, the FYR of Macedonia,

Montenegro, Norway, Serbia, Switzerland and Turkey. The decrease in emissions from

year 2000 is of the same order of magnitude as meteorological variations. In general,

emissions have decreased in all Parties in the EMEP area by 5-15(%), but the decrease

is in most cases (except for SOx) counterbalanced by a general increase in emissions

in EECCA countries.

It is important to note here that the variability in the model calculations resulting

from the uncertainties in emissions from EECCA countries are significantly large. The

results presented in section 2.2 indicate emission uncertainties in this area of the order

of 20% for nitrogen dioxide emissions, 30% for ammonia and up to 50% for PM.

These uncertainties will have a stronger effect in the results than the meteorological

inter-annual variability. Further actions are thus recommended to reduce the extent of

these uncertainties, mainly through technical training on compilation of emission data

and further extension of the monitoring capabilities in EECCA countries.
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Table 2.2: Emissions from 2000 to 2005 averaged over

groups of countries within EMEP. Units: Gg

2000 2001 2002 2003 2004 2005

SOx

EECCA 4724 4419 4144 3917 3684 3836

EU27 10371 10238 9775 9256 8397 8148

OTHER 3175 3081 2987 2899 2814 2810

EMC 18270 17737 16906 16071 14895 14794

NOx

EECCA 3810 3961 4117 4586 4611 4575

EU27 12564 12260 11858 11762 11549 11208

OTHER 1604 1592 1579 1582 1582 1551

EMC 17977 17813 17554 17930 17741 17333

NH3

EECCA 1858 1858 1857 1890 1945 1960

EU27 4252 4248 4208 4164 4164 4130

OTHER 661 658 657 656 665 653

EMC 6771 6764 6723 6710 6775 6744

NMVOC

EECCA 3999 4069 4138 4384 4300 4304

EU27 11059 10635 10135 9827 9649 9712

OTHER 1395 1406 1366 1331 1299 1229

EMC 16454 16110 15639 15541 15247 15245

PM2.5

EECCA 1087 1100 1114 1127 1141 1141

EU27 1735 1712 1655 1644 1635 1625

OTHER 474 462 453 438 426 421

EMC 3295 3274 3222 3209 3202 3187

PM10

EECCA 1798 1851 1894 1957 1981 1981

EU27 2726 2707 2621 2604 2582 2495

OTHER 722 701 683 659 638 634

EMC 5247 5259 5198 5220 5201 5110
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Table 2.3: Depositions and air concentrations from 2000 to 2005

averaged over groups of countries within EMEP.

Units: mg/m−2 for depositions, umg/m−3 for

air concentrations, ppb *h for SOMO35

2000 2001 2002 2003 2004 2005

S dep.

EECCA8 2549 2358 2172 2057 2162 1964

EU 3156 3219 3083 2826 2717 2751

OTHER 1145 1187 1185 1088 1036 1123

TOTAL EMC 6863 6777 6455 5986 5930 5852

oxN dep.

EECCA8 1101 1042 1073 1153 1205 1111

EU 1953 1954 1878 1797 1835 1815

OTHER 422 431 410 410 404 427

TOTAL EMC 3487 3438 3375 3371 3455 3365

redN dep.

EECCA8 1360 1323 1269 1334 1432 1339

EU 2333 2393 2344 2158 2261 2272

OTHER 454 472 481 461 449 477

TOTAL EMC 4152 4192 4099 3958 4147 4093

SOMO35

EECCA 934 962 1259 1218 1085 1322

EU27 2272 2114 2461 2540 2130 2399

OTHER 1946 1883 2222 2174 2109 2238

EMC 1746 1673 2062 2048 1831 2075

PM2.5

EECCA 5 4 5 5 4 5

EU27 7 6 7 7 6 7

OTHER 4 4 4 4 4 4

EMC 5 5 5 6 5 5
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CHAPTER 3

Acidification and eutrophication, status in 2005

Hilde Fagerli and Anne-Gunn Hjellbrekke

In this chapter we focus on the model results for acidifying and eutrophying com-

ponents for 2005. ’Best estimates’ for air concentrations and concentrations in precip-

itation are created by combining measurements and model results.

We present model results for 2005 using two different sets of emissions: a first set

that consist as far as possible of emissions officially reported to EMEP and a second set

where official emissions that have not passed the EMEP review control are replaced by

non-Party estimates. The differences in the modelled estimates of sulphur and nitrogen

depositions as well as exceedances of critical loads are discussed. Furthermore, we

discuss the differences with respect to model results for 2004 and preliminary results

for 2006. Finally, the model results for 2005 are validated against measurements from

the EMEP network for 2005.

3.1 Status in 2005; combined model results and obser-

vations

In this section, we present the ’best estimates’ for air concentrations of SO2, SO2−

4 ,

NH3+NH+

4 and HNO3+NO−

3 as well as concentrations of oxidized sulfur, oxidized ni-

trogen and reduced nitrogen in precipitation. The ’best estimates’ have been created

by using a combination of model results and observations from the EMEP network

for 2005. For all measurement points, the difference between the measured value at

that point and the modelled value in the corresponding grid cell is calculated. This

33
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difference is interpolated spatially using radial basis functions, giving a continuous

two-dimensional function describing the difference at any point within the modelled

grid. The combined maps are derived adjusting the model results with the interpolated

differences, giving large weight to the observed values close to stations, and using the

modelled values in areas with no observations. The range of influence of the mea-

sured values depends on the component, and has been set to 300 km for NH3+NH+

4

and NH3+NH+

4 in air, and 500 km for all other components. For each of the compo-

nents, we present four different figures, visualizing the different steps of the procedure

(Figures 3.1 to 3.4). In general, there is good agreement between model results and

measurements for 2005 (see section 3.5), as for previous years. Thus, the combined

results are rather similar to the model results.

3.2 Model results for 2005 using official reported emis-

sions versus emissions with replacements

Every year the Parties are requested to submit data to EMEP on their emissions, how-

ever, not all emission data is reported every year, so a significant part of the emission

data needs to be completed with by non-Party emission estimates. For example, for

2005 (submitted this year) the share of countries submitting emission data of suffi-

cient quality to be included in the EMEP inventory is around 60% for SOx, NOx and

NH3. In addition, as described in chapter 2, official emissions need to be replaced

with non-Party estimates when the quality of official emissions does not comply with

the standards set by the EMEP emission review. For 2005, replacements with non-

Party estimates has generally lead to 30% higher emission totals for NH3, 20% higher

emission totals for NOx and 5% higher emissions for SO2. In this section, we present

the difference in model results for 2005 using a set of emissions where the reported

emissions are used as far as possible (hereafter referred to as ’reported emissions’) and

a set where emissions that have not passed the quality control are replaced by non-

Party estimates (hereafter referred to as ’replaced emissions’). In both sets, non-Party

estimates are used for countries that do not report emissions. We do not discuss the

quality of the reported emissions here, but refer to the results of this year emission

review (Vestreng et al. 2007) for a detailed discussion of this subject. In addition to

the model calculations, we present exceedances of critical loads for those areas where

critical loads data are available (Posch et al. 2005, and updates on www.mnp.nl/cce).

Differences in sulfur deposition

For SOx emissions, the largest difference between the reported and replaced emis-

sions is in Azerbaijan, where the replaced emissions are a factor of 10 higher than

the reported emissions. This has resulted in higher SOx depositions in Azerbaijan

itself and the neighboring areas, especially Armenia, Georgia and the Caspian Sea

(see figure 3.5). For Belarus and Ukraine, the replaced emissions are around 25%
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Figure 3.1: Yearly averaged SO2 (a-d) and SO2−

4 (e-h) concentrations in

air (µg(S) m−3). For the interpolated normalized differences (observations-

model/(observations+model)), positive values show where the model under-predicts

the observed values, whilst negative values show where the model over-predicts.
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Figure 3.2: Yearly averaged HNO3+NO−1

3 (a-d) and NH3+NH+

4 (e-h) concentra-

tions in air (µg(N) m−3). For the interpolated normalized differences (observations-

model/(observations+model)), positive values show where the model under-predicts

the observed values, whilst negative values show where the model over-predicts.
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Figure 3.3: Yearly averaged sulfur concentrations in precipitation (µg(S)l−1). For the

interpolated normalized differences (observations-model/(observations+model)), pos-

itive values show where the model under-predicts the observed values, whilst negative

values show where the model over-predicts.

and 8% higher than the reported, respectively, predominantly due to very low reported

emissions from the traffic sector. Since traffic is a low-level source, these SOx emis-

sions are not transported very far and most of the additional SOx is deposited within

the countries themselves, increasing deposition by 5-30% with the highest increases

nearby large cities (Figure 3.5). For the Russian Federation, official emissions were

also replaced by non-Party emission. The replacement involved an overall increase in

emissions by less than 1%, but it introduced considerable changes within individual

emissions sectors, resulting in a different spatial distribution of the emissions. There-

fore, deposition of sulfur has increased in parts of the Russian Federation, whilst it has

decreased in others. In conclusion, this has lead to a somewhat lower exceedance of

critical load for acidification (from 2.9 to 1.3 eq/ha), although these are low for both

emission estimates.

The replacement of emissions in The Former Yugoslav Republic of Macedonia by

non-Party estimates, results in emissions that are 8% higher than the reported official

emissions. The increases are due to higher estimates of emissions from industry (ex-

cept power plant emissions which are kept as reported) and traffic. The resulting mod-

elled depositions of SOx are around 2-5% larger. For Serbia, the replaced emissions



38 EMEP REPORT 1/2007

0.0
0.1
0.2
0.3
0.5
1.0
1.5

 

(a) Modelled nitrate in precipitation

0.0
0.1
0.2
0.3
0.5
1.0
1.5

 

(b) Measured nitrate in precipitation

-998.00
-0.33
-0.18
0.00
0.18
0.33

 

(c) Interpolated normalized differences

0.0
0.1
0.2
0.3
0.5
1.0
1.5

 

(d) Combined nitrate in precipitation

0.0
0.1
0.2
0.3
0.5
1.0
1.5

 

(e) Modelled ammonium in precipitation

0.0
0.1
0.2
0.3
0.5
1.0
1.5

 

(f) Measured ammonium in precipitation

-998.00
-0.33
-0.18
0.00
0.18
0.33

 

(g) Interpolated normalized differences

0.0
0.1
0.2
0.3
0.5
1.0
1.5

 

(h) Combined ammonium in precipitation

Figure 3.4: Yearly averaged oxidized (a-d) and reduced nitrogen (e-h) concentrations

in precipitation (µg(N)l−1). For the interpolated normalized differences (observations-

model/(observations+model)), positive values show where the model under-predicts

the observed values, whilst negative values show where the model over-predicts.
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Figure 3.5: Difference (%) in modelled deposition using the set of reported emissions

and the set of ”replaced emissions” where emissions that have not passed the quality

control are replaced by non-Party estimates.

are 28% lower, due to around 50% lower emissions from power plants in the replaced

estimates. This has resulted in 5-10% lower modelled sulfur depositions in Serbia and

the neighboring countries, especially Montenegro and Bosnia and Herzegovina.

In summary, the model results using the emission set with ’replaced emissions’

give rise to slightly higher accumulated exceedances of critical loads , 41.4eq/ha versus

39.4 eq/ha, and a slightly larger percentage of ecosystem area with exceedances, 10.3%

versus 10%(see Figures 3.6 and 3.7).

Differences in nitrogen depositions

The largest differences between reported and replaced emission estimates for NOx are

for Serbia (63%) and Ukraine (47%). For Azerbaijan, Belarus, Romania and the Rus-

sian Federation, the differences are between 10-17%. The replacements have resulted

in an increased modelled deposition of oxidized nitrogen over a large area covering the

easternmost countries in the EMEP area. This resembles the situation for reduced ni-

trogen depositions illustrated in Figure 3.5, although even larger increases are seen for

modelled reduced nitrogen depositions. For reduced nitrogen, emission replacements

with non-Party estimates results in around 40% increases in deposition for Ukraine

and 20-30% for Romania. In addition to Ukraine and Romania, changes in emissions
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Figure 3.6: Accumulated exceedances of acidity and nutrient nitrogen (eq ha−1 yr−1)

for 2005, using the set of reported emissions and the set of ”replaced emissions” where

emissions that have not passed the quality control are replaced by non-Party estimates.

Figure 3.7: Accumulated exceedances of acidity and nutrient nitrogen (eq ha−1 yr−1)

and % ecosystem areas at risk for 2005. The blue bars represent results where ’replaced

emissions’ have been used, purple bars the ’reported emissions’.
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are large for the Russian Federation (15%) and Slovakia (7%). For the Russian Feder-

ation the largest change in the emissions is that ammonia emissions in emission sector

8, Other mobile sources, has been deleted and emissions of a similar magnitude have

been introduced in emission sector 10, Agriculture. As the distribution of agricultural

sources and mobile sources are quite different, the spatial distribution of the resulting

modelled depositions are also different, with changes of up to ± 30%.

As a result of the replacements, exceedances of critical loads for nutrient nitrogen

increases from 154 to 175 eq/ha and the ecosystem area that are at risk increase from

42 to 48% in 2005.

3.3 Differences between 2004 and 2005

In Figures 3.8 and 3.9 we present differences in modelled fields for 2004 and 2005.

There are two reasons for the difference between the 2004 and 2005 results - mete-

orological variability and difference in the emissions for 2004 and 2005. In order to

analyze these differences separately, we have performed 3 sets of calculations; 1) 2005

emissions and meteorology, 2) 2005 meteorology and 2004 emissions and 3) 2004

meteorology and 2005 emissions. The same model version (rv2 8) are used for all the

calculations.

Differences between 2004 and 2005 due to emissions

An analysis of emissions and their changes is given in 2, and we refer to that chapter

for a more thorough discussion for the reasons behind the changes.

In total within the EMEP area, SOx emissions decreased by 0.5% in 2005 with

respect to 2004. The countries where the largest emission reductions occurred were

Croatia (-41%), Estonia (-16%), Finland (-21%), Hungary (-86%), Italy (+16%), Latvia

(-12%), Republic of Moldova (-22%), Slovenia (-32%), Sweden (-21%), The former

Yugoslav Republic of Macedonia (+20%) and the UK (-18%). These changes have led

to corresponding changes in the deposition patterns as shown in Figure3.8. In addition,

the spatial distribution of emissions changed considerably in 2005 due to the update

of the 2000 base distribution to 2005 and with the inclusion of reported and reviewed

gridded data from 20 Parties for 2005. These spatial re-distributions have also affected

the deposition patterns. For instance, for Kazakhstan where there are no changes in

2005 for the total emission, spatial re-distributions of emissions have led to increased

depositions in the northern part of Kazakhstan within the EMEP area and decreases in

the rest of the country.

For NOx, the total emissions within EMEP have decreased from 2005 with respect

to 2004 by 2.2%. The largest reductions occured for Republic of Moldova (-23%)

and The Former Yugoslav Republic of Macedonia (-41%). Significant changes were

also found in traffic emissions in EU countries, where the reductions reported for these

sources in 2005 are related to the introduction of new European regulation. As illus-
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trated in figures 3.8 and 3.9, for oxidized nitrogen, these changes in the emissions have

led to changes within ± 10% in the dry and wet depositions. Only in some areas, like

Italy and Czech Republic, there are differences of more than 10%. NO and NO2 are

not wet deposited and only slowly dry deposited, so oxidized nitrogen is transported

rather far and the effect of changes in the emissions are smeared out.

For reduced nitrogen, larger differences in depositions due to changes in emissions

are seen in Figure 3.9. In total, ammonia emissions increase by 0.4% from 2004 to

2005. The largest changes occur in Belarus (+11%), Croatia (-20%), Lithuania (-

24%) and Portugal (+13%), but for many countries differences are by around ± 3-

6%. For wet deposition of reduced nitrogen, the effect of the changes in emissions

are mostly within ± 10%, although there are changes up to 30% in the areas where

the largest changes in the emissions have occurred. For dry deposition of reduced

nitrogen, larger changes are visible. Ammonia itself is efficiently dry deposited, thus

changes in emissions directly affect the amount of reduced nitrogen deposited.

Differences between 2004 and 2005 due to meteorology

As indicated in Chapter 2, there was a stable high pressure system with dry warm air

over northern Russia in 2005. On average, southern Europe was colder than in 2004,

whilst northern Europe and especially the northern part of Russia was warmer than in

2004.

Over most of Europe, precipitation was smaller than in other years, but in Norway,

Sweden, Czech Republic, Bulgaria, Romania, Serbia, Turkey and Georgia 2005 was

a wetter year than 2004. The amount of precipitation has an almost direct effect of

the wet deposition fields - with less wet depositions in the areas that received less

precipitation. On the other side, the areas that received more precipitation in 2005 had

on average lower air concentrations of sulfur and nitrogen compounds. As can be seen

from the figures 3.8 and 3.9, this resulted in more wet deposition in Norway, Sweden

and parts of Finland, whilst especially areas in Spain, Portugal and Russia received

less wet deposition of sulfur and nitrogen in 2005 than in 2004.

For most of the southern European land areas, the difference in meteorology be-

tween 2004 and 2005 had a rather small effect on the dry deposition fields, less than ±

10%. However, the areas in the Nordic countries as well as the north-western part of

Russia received more than 20% more dry deposition in 2005, in addition to more wet

deposition, possibly due to more long transport from central Europe.

Total changes

The total changes between 2005 and 2004 both due to meteorological variability and

changes in emissions are shown in the third column of figures 3.8 and 3.9. From

these maps, and the discussion in the preceding sections, it is clear that the largest

differences in wet deposition between 2005 and 2004 are caused by the differences in

meteorology. In general, the dry deposition is more directly related to the emissions,
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(a) Wet dep SOX (b) Wet dep SOX (c) Wet dep SOX

(d) Dry dep SOX (e) Dry dep SOX (f) Dry dep SOX

(g) Wet dep OXN (h) Wet dep OXN (i) Wet dep OXN

Figure 3.8: Percentage differences between depositions in 2005 and 2004. Left col-

umn: Difference between 2005 and 2004 due to meteorological variability (relative

to 2005). Mid column: Difference between 2005 and 2004 due to emissions. Right

column: Difference between 2005 and 2004 due to emissions and meteorological vari-

ability. SOX: Oxidized sulfur, OXN: Oxidized nitrogen, RDN: Reduced nitrogen

especially for oxidized sulfur and reduced nitrogen, since the primary components

SO2 and NH3 are efficiently dry deposited. Therefore, a major part of the differences

in dry deposition between 2004 and 2005 are caused by the changes in the emissions.

Overall, the changes in depositions between the 2004 and 2005 calculations are around

± 20% for most of Europe, but more than 30% for some areas.



44 EMEP REPORT 1/2007

(a) Dry dep OXN (b) Dry dep OXN (c) Dry dep OXN

(d) Wet dep RDN (e) Wet dep RDN (f) Wet dep RDN

(g) Dry dep RDN (h) Dry dep RDN (i) Dry dep RDN

Figure 3.9: Percentage differences between depositions in 2005 and 2004. Left col-

umn: Difference between 2005 and 2004 due to meteorological variability (relative

to 2005). Mid column: Difference between 2005 and 2004 due to emissions. Right

column: Difference between 2005 and 2004 due to both emissions and meteorological

variability. SOX: Oxidized sulfur, OXN: Oxidized nitrogen, RDN: Reduced nitrogen.

3.4 Preliminary model results for 2006

We have run the EMEP model for 2006, using 2006 meteorology and the emissions for

2005. Thus, the difference in the results for 2006 with respect to 2005 are purely due

to meteorological variability. In figure 3.10 we present the differences we can expect

for 2006 with respect to 2005, assuming that the emission changes are modest.

2006 was a wetter year than 2005 for most of Europe, except in the Mediterranean

area and the coast of Norway and the UK (see chapter 2). In most of Europe, except
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Russia and Ukraine, the temperatures were on average higher in 2006. This resulted

in less wet deposition of both sulfur and nitrogen over large parts of Europe (up to

30% in the Mediterrenean area). At the Siberian peninsula and Finland, both wet

deposition, dry deposition and concentrations of the sulfur and nitrogen components in

air decrease, although precipitation increase. The reason is that in 2006, a low pressure

system over northern Russia and a high pressure system over northern Norway gave

rise to much more north-south transport in this area. In the Baltic states, this resulted in

increased dry depositions of sulfur and nitrogen, despite increasing precipitation and

wet depositions.

3.5 EMEP Unified model validation for 2005

The model calculations for 2005 are validated against EMEP measurements for 2005,

using the set of emissions where the reported data that have not passed the quality

control are replaced by non-Party estimates.

In Fagerli et al. (2003b) we presented an extensive evaluation of the acidifying

and eutrophying components for the years 1980, 1985, 1990 and 1995 to 2000. In

Fagerli et al. (2003a), a comparison of observations and modelled results for 2001 was

conducted, and in Fagerli (2004) we presented results for 2002 with an updated EMEP

Unified model, version 2.0. This version differed slightly from the 2003 version, as

described in Fagerli (2004), however the main conclusions on the model performance

were the same. In 2005, we presented results for the year 2003 in Fagerli (2005) and

last year we presented results for 2004 in Fagerli et al. (2006). It has been shown that

the EMEP model performance is rather homogeneous over the years (Fagerli et al.

2003b), but depend on geographical coverage and quality of the measurement data.

The EMEP model has also been validated for nitrogen compounds in Simpson et al.

(2006a) and for dry and wet deposition of sulphur, and wet deposition of nitrogen in

Simpson et al. (2006b), both with measurements outside the EMEP network.

Since last year no changes with significant effects on the results for acidifying and

eutrophying compounds have been introduced in the model. Moreover, the comparison

between model results and observations for 2005 give similar correlation coefficients

and bias as the comparisons performed for earlier years. The previous evaluations of

the model are thus still valid. Therefore, we refer to previous reports and papers for

detailed analysis of model performance for each component and do not repeat these

here. Scatter plots as well as a table with an overview of the results for 2005 are

included here in order to enable comparisons with results published in earlier EMEP

Status reports.

The modelled air concentrations (yearly averages) of sulphur and nitrogen com-

pounds agree with EMEP measurements to within 15-30%, for most compounds. It

can be noted (Figure 3.11) that the largest over-prediction for SO2 are at the stations

SE14 and DK08. These two sites are situated at the coast of southern Sweden and at

an island outside the eastern coast of Denmark. The overestimation of SO2 at these



46 EMEP REPORT 1/2007

-30
-20
-10

0
10
20
30

 

(a) Dry dep SOX

-30
-20
-10

(b) Wet dep SOX

-30
-20
-10

0
10
20
30

 

(c) Dry dep OXN

-30
-20
-10

(d) Wet dep OXN

-30
-20
-10

0
10
20
30

 

(e) Dry dep RDN

-30
-20
-10

(f) Wet dep RDN

Figure 3.10: Percentage difference in depositions between 2006 and 2005 relative to

2006, due to meteorological variability only. SOX: Oxidized sulfur, OXN: Oxidized

nitrogen, RDN: Reduced nitrogen
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Table 3.1: Comparison of model results and observations for 2005. Annual averages

over all EMEP sites with measurements. Nstat= number of stations, wd=wet deposi-

tion, cp= concentration in precipitation, Corr.= spatial correlation coefficient.

Component Nstat Obs. Mod. Bias (%) Corr.

SO2 (µg(S) m−3) 58 0.80 0.97 22 0.51

SO2−

4 (µg(S) m−3) 60 0.70 0.61 -13 0.81

NH3 (µg(N) m−3) 15 1.79 1.44 -20 0.94

NH+

4 (µg(N) m−3) 22 0.87 1.09 26 0.79

NH3+NH+

4 (µg(N) m−3) 36 1.46 1.68 15 0.66

HNO3 (µg(N) m−3) 17 0.19 0.14 -28 0.27

HNO3+NO−

3 (µg(N) m−3) 41 0.55 0.66 19 0.88

NO−

3 (µg(N) m−3) 25 0.44 0.60 37 0.80

SO2−

4 wd (µg(S)m−2) 53 15552 14344 -8 0.71

SO2−

4 cp (µg(S)l−1) 53 0.45 0.40 -12 0.61

NH+

4 wd (µg(N)m−2) 53 15467 12566 -19 0.74

NH+

4 cp (µg(N)l−1) 53 0.43 0.37 -14 0.69

NO−

3 wd (µg(N)m−2) 53 13546 9219 -32 0.66

NO−

3 cp (µg(N)l−1) 53 0.39 0.27 -31 0.55

precip. (mm) 54 41571 44499 7 0.73

two sites might indicate that the ship emissions included in the EMEP inventory are

somewhat too high but this can also be caused by the spatial allocation of these sector

emissions in the present calculations.

Nitrate and ammonium aerosol and the nitric acid and ammonia gases, however, are

difficult to model, and the performance is also worse for these components. We present

a more detailed analysis of the model performance for these nitrogen compounds in a

separate chapter (chapter 5) in Part II of this report.

With respect to spatial correlation, the secondary compounds (sulphate, nitrate,

ammonium) in general agree better with the observations than the primary pollutants

(SO2, NH3). For wet depositions and concentrations in precipitation, model calcula-

tions are lower than the observations by 5-30%.
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(a) SO2 (b) SO2−
4

(c) SO2−
4 wet dep. (d) Precipitation

Figure 3.11: Scatter-plots of modelled versus observed concentrations of sulfur diox-

ide and sulfate in air (µg(S) m−3), sulphur in precipitation (µg(S)m−2) and precipita-

tion (mm).
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(a) NH3+NH+

4 (b) NH+

4

(c) NH3 (d) NH+
4 wet dep.

Figure 3.12: Scatter-plots of modelled versus observed concentrations of total am-

monium+ammonia, aerosol ammonium and ammonia in air (µg(N) m−3) and reduced

nitrogen in precipitation (µg(N)m−2).
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(a) NO−

3 +HNO3 (b) NO−

3

(c) HNO3 (d) NO−

3 wet dep.

Figure 3.13: Scatter-plots of modelled versus observed concentrations of total ni-

trate, nitrate aerosol, nitric acid (µg(N) m−3) and oxidized nitrogen in precipitation

(µg(N)m−2).



CHAPTER 3. STATUS IN 2005 FOR SULPHUR AND NITROGEN 51

References

H. Fagerli. Air concentrations and deposition of acidifying and eutrophying compo-

nents, status 2002. In EMEP Report 1/2004, Transboundary acidification, eutroph-

ication and ground level ozone in Europe. Status Report 1/2004, pages 77–103. The

Norwegian Meteorological Institute, Oslo, Norway, 2004.

H. Fagerli. Acidifying and eutrophying components, status in 2003. In In Transbound-

ary Acidification, Eutrophication and Ground Level Ozone in Europe. EMEP Status

Report 1/2005, pages 9–30. The Norwegian Meteorological Institute, Oslo, Norway,

2005.

H. Fagerli, J. E. Jonson, P. Wind, and L. Tarrasón. Air concentrations and depositions:

Status 2000 and 2001. In L. Tarrasón, editor, Transboundary Acidification, Eutroph-

ication and Ground Level Ozone in Europe. EMEP Status Report 1/2003, Part III

Source-Receptor Relationships, pages 7–19. The Norwegian Meteorological Insti-

tute, Oslo, Norway, 2003a.

H. Fagerli, D. Simpson, and W. Aas. Model performance for sulphur and nitrogen

compounds for the period 1980 to 2000. In L. Tarrasón, editor, Transboundary

Acidification, Eutrophication and Ground Level Ozone in Europe. EMEP Status Re-

port 1/2003, Part II Unified EMEP Model Performance, pages 1–66. The Norwegian

Meteorological Institute, Oslo, Norway, 2003b.

H. Fagerli, T. Spranger, and M. Posch. Acidification and eutrophication - progress

towards the Gothenburg target year (2010). In In Transboundary Acidification, Eu-

trophication and Ground Level Ozone in Europe. EMEP Status Report 1/2006, pages

29–53. The Norwegian Meteorological Institute, Oslo, Norway, 2006.

M. Posch, J. Slootweg, and J.-P. Hettelingh. European critical loads and dynamic

modelling. MNP Report 259101016, Bilthoven, Netherlands, Coordination Center

for Effects, 2005.

D. Simpson, K. Butterbach-Bahl, H. Fagerli, M. Kesik, and U. Skiba. Deposition

and Emissions of Reactive Nitrogen over European Forests: A Modelling Study.

Atmospheric Environment, 40(29):5712–5726, 2006a.

D. Simpson, H. Fagerli, S. Hellsten, K. Knulst, and O. Westling. Comparison of

modelled and monitored deposition fluxes of sulphur and nitrogen to ICP-forest

sites in Europe. Biogeosciences, pages 337–355, 2006b.

V. Vestreng, K. Mareckova, S. Kakareka, A. Malchykhina, and T. Kukharchyk. Inven-

tory review 2007: Emission data reported to CLRTAP convention and NEC direc-

tive. Stage 1 and 2 review. Review of gridded data and Review of PM inventories



52 EMEP REPORT 1/2007

in Belarus, Republic of Moldova, Russian Federation and Ukraine. EMEP/MSC-

W technical report 1/2007, The Norwegian Meteorological Institute, Oslo, Norway,

2007.



CHAPTER 4

Photo-oxidants, status in 2005

Jan Eiof Jonson, Leonor Tarrasón, Anna Benedictow and Anne-Gunn Hjellbrekke

In this chapter we examine the performance of the EMEP Unified model for ozone

and nitrogen dioxide in 2005. The structure of this chapter is very similar to Chapter 3.

First, ’best estimates’ of concentration levels for ozone and NO2 are presented based on

a combination of measurements and model results. Then, the effect of using official

emissions in EECCA countries against non-Party estimates is evaluated. It follows

a study of the main reasons for changes in model estimates in 2005, depending on

emissions and meteorology. Finally, daily max ozone values have been validated and

are shown for selected stations representing the different regions of Europe.

4.1 Combined model results and observations in 2005

In the following, we present ’best estimates’ for concentrations of ozone and NO2. The

’best estimates’ have been created by using a combination of model results and obser-

vations from the EMEP network for 2005. For all measurement points, the difference

between the measured value at that point and the modelled value in the correspond-

ing grid cell is calculated. As described in Chapter 3, this difference is interpolated

spatially using radial basis functions, giving a continuous two-dimensional function

describing the difference at any point within the modelled grid. The combined maps

are derived adjusting the model calculations with the interpolated differences, giving

large weight to the observed values close to stations, and using the modelled values in

areas with no observations. The range of influence of the measured values depends on

53
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the component, and has been set to 500 km for ozone and NO2.

In Figure 4.1 model calculated and kriged annually averaged daily mean and daily

maximum ozone levels are shown. We also show the normative error. The figures

show that there are marked regional differences in the normative error, in particular for

daily mean ozone, with an underestimation of ozone over the Iberian peninsula and

Mediterranean region, over central and alpine parts of Europe and northern Scandi-

navia, whereas ozone is overestimated in particular in the countries around the English

channel and in Italy. As also seen in Table 4.1 annually averaged daily maximum

ozone is slightly underestimated at most sites.

In Figure 4.2 model calculated and kriged annually averaged daily mean NO2 con-

centrations are shown along with the normative error. The model tends to underesti-

mate NO2 concentration (see also section 4.5). NO2 has short lifetime in the atmo-

sphere and the variability within the 50x50km2 grid is large. With the current model

resolution it is therefore difficult to make a more accurate calculation.

4.2 Model results for 2005 using official reported emis-

sions versus emissions with replacements

As indicated in Chapter 2, this year we have analyzed the effect of using emission

estimates from only official reports to EMEP versus emissions where official data has

been replaced by non-Party independent estimates. The replacement of emission data

in EMEP is not arbitrary, but responds to the quality criteria of the emission review

carried each year for the Task Force on Emission Inventories and Projections.

The differences between official reported emissions and non-Party emissions in

2005 were located in EECCA countries and implied in average a 20% increase of both

NOx and VOC emissions in the area. The increased ozone and NO2 concentrations

reflect to a large extent these increases in emissions, as illustrated in Figure 4.3.

Since nitrogen dioxide is a primary gas, the increase in nitrogen dioxide air con-

centrations follows quite closely both in magnitude and location the increase in NOx

emissions. The largest differences between reported and replaced emission estimates

for NOx are for Serbia (63%) and Ukraine (47%). For Azerbaijan, Belarus, Roma-

nia and the Russian Federation, the differences are between 10-20%. The replaced

emissions have therefore resulted in an similar increase of modelled NO2 for Serbia,

Ukraine and Azerbaijan, as can be seen from comparing figure 4.3 with figure 2.7.

Ozone is a secondary pollutant and more dependent on long-range transport and

the effect of lateral and upper boundary conditions. Therefore, changes in ozone and

derived indicators reflect the influence of these other factors and not only differences in

emissions. It is interesting to note that the indicator that shows the largest response to

emission changes is SOMO35. The other ozone indicators, daily max ozone and mean

ozone, are not defined upon a threshold and are therefore more robust to changes. The

effect of emission changes of NO2 and NMVOC in EECCA countries by about 20%,
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Modelled annual ozone mean O3 Modelled annual daily max O3

msc-w

Kriged ozone mean O3

msc-w

Kriged daily max O3

msc-w

Interpolated Norm. error
msc-w

Interpolated Norm. error

Figure 4.1: Yearly averaged ozone in 2005. First column for mean ozone (left) and

second column for daily maximum ozone (right). All concentrations in ppb.
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Modelled annual average NO2

msc-w

Kriged annual average NO2

msc-w

Interpolated norm. error NO2

Figure 4.2: Nitrogen dioxide in 2005. All concentrations in µg(N)cm−3. Bottom right:

Interpolated normalized error between model calculated and measured NO2 levels.

implies an increase of mean ozone levels in the by less than 5%. This a combination of

titration effects and the fact that ozone in EECCA countries is to a large extent deter-

mined by long-range transport from European central areas, and by free tropospheric

ozone. Note also that over the Russian Federation, the increase of NO2 emissions

implies an increase in titration and consequently ozone decreases in average over the

Russian Federation. The titration effect is more significant in areas neighboring large

point sources.

4.3 Differences between 2004 and 2005

There are two reasons for the difference between the 2004 and 2005 results: meteo-

rological variability and changes in emissions. In order to analyze these differences

separately, we have performed 3 sets of calculations, the same as in Chapter 3: 1)

2005 emissions and meteorology, 2) 2005 meteorology and 2004 emissions and 3)
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Figure 4.3: Percentage difference in air concentrations when using reported emissions

and the set of emissions that have not passed the quality control and are replaced by

non-Party estimates. Top right: NO2, top left: Daily Maximum Ozone, bottom right:

SOMO35, bottom left: SOMO0. Units: (%)

2004 meteorology and 2005 emissions. The same model version (rv2 8) are used for

all the calculations. The mean results for NO2, daily max ozone and SOMO35 are

presented in Figure 4.4.

Differences due to emissions

An analysis of emissions and their changes is given in 2, and we refer to that chapter

for a more thorough discussion for the reasons behind the changes.

For NOx, the total emissions within EMEP have decreased from 2005 with re-

spect to 2004 by 2.2%, while for NMVOC emissions have not changed in average over

the whole EMEP area. However, the variability of emissions from sector to sector

and country to country is larger, and affects most areas Western Europe. The effect

of the emission changes in nitrogen dioxide air concentrations, daily ozone max and

SOMO35 is shown in the central column in Figure 4.4. The changes in NO2 air con-

centrations reflect the location and extent of emission changes from 2004 to 2005, as
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(a) NO2 (b) NO2 (c) NO2

(d) daily max O3 (e) daily max O3 (f) daily max O3

(g) somo35 (h) somo35 (i) somo35

Figure 4.4: Differences between 2004 and 2005 for NO2 air concentrations, daily max

Ozone and SOMO35, relative to 2005. Left column: differences due to meteorolog-

ical variability only. Mid column: differences due to emissions changes only. Right

column: differences due to both emissions and meteorological variability.Units:(%).

expected for a primary gas pollutant. The largest decrease of NO2 air concentrations is

in Spain, Belarus and the Czech Republic. For ozone daily max and for SOMO35, the

averaged yearly effect of NO2 emission changes are smaller and result from a combi-

nation of effects, including also titration. Again, the effect of NO2 emission changes

is larger for SOMO35 than for ozone daily max values, and the effect of titration

dominates in areas with the largest emission reduction from 2004 to 2005, like Spain,

Belarus and the Czech Republic.

Differences due to meteorological variability

The inter-annual variability of photo-oxidant concentrations due to meteorology usu-

ally implies concentration changes of the order of 5-10%. In 2005, meteorological
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conditions were generally colder and drier in western southern Europe than in 2004,

and the result is somewhat with higher ozone levels. The other significant feature in

2005, as indicated in Chapter 2, was the stable high pressure system with dry warm air

over northern Russia in 2005. Again, we can recognize that feature in SOMO35 and in

NO2 concentrations, resulting in higher values of these components over Finland and

the Russian Federation in 2005 than in 2004.

The total changes between 2005 and 2004 both due to meteorological variability

and changes in emissions are shown in the third column of figures 4.4. From these

maps and the discussion above, it can be seen that for NO2 and ozone, the total changes

are a combination of both effects in many places, like in Spain and France, act in

different directions. While increased NO2 emissions in Spain act to decrease ozone

and SOMO35 levels in 2005, the colder and drier meteorological conditions enhance

SOMO35 over the area. Although there is a significant variability in the combination

of the two different effects over the EMEP domain, the general changes are mostly

below 10% for these pollutants.

4.4 Preliminary model results for 2006

The differences shown in this section are the result of meteorological variability only.

The preliminary estimates for 2006 are presented here for the meteorological condi-

tions of 2006, using the same emissions and model version as in the 2005 runs. Again,

as illustrated in figure 4.5 mean ozone and yearly averaged daily max ozone is less af-

fected by meteorological variability than SOMO35 or NO2. In 2006, the main changes

in SOMO35 are to be found over north Western Europe where the combination sig-

nificantly higher temperatures and drier general conditions, results in higher NO2 and

SOMO35 levels.

4.5 EMEP Unified model validation for 2005

Since last year, no significant changes have been introduced in the model for photo-

oxidants. The comparison of model results with observations gives similar correlation

coefficients and bias as the comparisons performed in earlier years. Therefore, previ-

ous evaluations of the model are still valid and we refer to them for further analysis

(Simpson et al. 2005, Simpson 2006). Scatter plots in Figure 4.6 as well as an overview

table with results for 2005 and examples of time series in different areas are included

here in order to enable comparisons with results published in earlier EMEP Status

reports.

The time series for ozone are shown for a limited number of sites in Figures 4.7 to

4.10. Statistical data as number of days with measurements, measured and modeled

mean and correlations are listed in Table 4.1. Both in the table and in the figures the
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Figure 4.5: Percentage difference (%) in modelled NO2 (top left), yearly averaged

daily maximum ozone (top right) and SOMO35 (bottom left) between 2006 and 2005.

sites have been grouped as Nordic sites, Eastern European sites, Central and North-

West European sites and Mediterranean sites.

Nordic sites

In addition to the statistics for the Nordic sites listed in Table 4.1, measured and mod-

eled ozone levels are also shown for selected sites in Figure 4.7. The model perfor-

mance is similar to previous years (Simpson et al. 2005, Simpson 2006), with a ten-

dency for the model to under-predict ozone levels in the spring months. Some of the

sites (as Karasjok and Spitsbergen) has a seasonal cycle typical off background sites

with a spring maximum and a summer minimum.
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(a) Obs. 1.85, EMEP 1.42, corr. 0.47 (b) Obs. 42.77, EMEP 40.74, corr. 0.79

Figure 4.6: Scatter plot of annual model results as compared to EMEP observations.

Left: Nitrogen dioxide in 2005. Right: Mean Daily Max Ozone in 2005. All concen-

trations in µg(N)cm−3.

Table 4.1: Comparison of Modelled Versus Observed Ozone for

2005. Concentrations are 12-monthly Means of Daily Maximum

Ozone Values. Correlation coefficient (r) are also between daily

max values. Only sites with more than 275 valid observation days

(N) are shown.

Code Station N Obs. Mod. r

(days) (ppb) (ppb)

Nordic Countries

DK05 Keldsnor 333 36.88 37.03 0.74

DK31 Ulborg 345 39.18 37.54 0.76

FI09 Utoe 348 40.65 37.91 0.66

FI17 Virolahti II 354 41.42 35.65 0.54

FI22 Oulanka 355 36.09 33.10 0.62

FI37 Aehtaeri II 339 39.16 33.95 0.53

NO01 Birkenes 363 39.37 37.30 0.56

NO15 Tustervatn 364 39.01 36.79 0.55

NO39 Kaarvatn 365 37.99 38.44 0.43

NO42 Spitzbergen, Zeppelin 363 37.07 36.55 0.59

NO43 Prestebakke 363 37.87 37.18 0.68

NO55 Karasjok 365 36.31 34.02 0.62

NO56 Hurdal 365 35.41 34.95 0.58

continued on next page
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Code Station N Obs. Mod. r

SE11 Vavihill 352 39.08 37.83 0.73

SE12 Aspvreten 353 39.50 36.09 0.75

SE13 Esrange 365 33.62 34.33 0.54

SE32 Norra-Kvill 342 37.70 36.27 0.70

SE35 Vindeln 364 35.06 33.72 0.50

Eastern European Countries

CZ01 Svratouch 365 42.16 41.64 0.74

CZ03 Kosetice 363 44.46 41.62 0.76

EE09 Lahemaa 355 37.35 33.35 0.57

HU02 K-puszta 299 39.69 41.32 0.55

LT15 Preila 342 41.85 40.96 0.72

PL02 Jarczew 362 39.18 39.31 0.79

PL03 Sniezka 345 46.65 40.01 0.63

PL04 Leba 365 40.60 40.14 0.78

PL05 Diabla Gora 354 40.49 37.34 0.78

SI08 Iskrba 356 46.84 43.88 0.72

SI31 Zarodnje 360 46.44 44.78 0.72

SI32 Krvavec 363 54.80 44.65 0.79

SI33 Kovk 349 45.35 44.35 0.73

SK04 Stara Lesna 365 47.65 40.81 0.69

SK06 Starina 344 46.34 40.76 0.68

Central and NW European Countries

AT02 Illmitz 350 47.04 43.67 0.72

AT04 St. Koloman 357 51.75 44.41 0.81

AT05 Vorhegg 340 48.22 46.86 0.57

AT30 Pillersdorf 363 45.33 42.39 0.77

AT32 Sulzberg 359 47.25 44.26 0.58

AT33 Stolzalpe 360 45.11 45.50 0.57

BE01 Offagne 347 38.60 41.61 0.77

BE32 Eupen 347 40.00 39.05 0.80

BE35 Vezin 348 38.61 39.49 0.78

CH02 Payerne 365 43.98 44.42 0.68

CH03 Taenikon 365 42.84 44.22 0.67

CH04 Chaumont 365 49.59 44.42 0.74

CH05 Rigi 364 49.60 44.44 0.65

DE01 Westerland/Wenn. 365 42.37 36.40 0.66

DE02 Lang./Waldhof 365 40.26 39.14 0.83

DE03 Schauinsland 354 51.17 42.68 0.79

DE07 Neuglobsow 365 39.20 38.59 0.80

DE08 Schmuecke 328 44.50 39.45 0.78

DE09 Zingst 365 39.80 34.87 0.65

continued on next page
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Code Station N Obs. Mod. r

FR09 Revin 326 38.36 40.40 0.79

FR10 Morvan 317 42.41 40.86 0.75

FR12 Iraty 339 51.80 44.08 0.74

FR13 Peyrusse Vieille 357 40.68 41.25 0.68

FR14 Montandon 333 39.63 43.45 0.70

GB02 Eskdalemuir 350 33.16 38.12 0.71

GB14 High Muffles 341 38.95 36.92 0.57

GB15 Strath Vaich Dam 334 39.38 37.54 0.73

GB31 Aston Hill 363 42.55 38.46 0.67

GB32 Bottesford 363 35.47 35.14 0.74

GB33 Bush 357 35.88 35.55 0.65

GB34 Glazebury 361 37.35 33.89 0.68

GB35 Great Dun Fell 363 36.25 37.80 0.59

GB36 Harwell 360 36.09 36.88 0.69

GB37 Ladybower 351 32.56 34.60 0.59

GB38 Lullington Heath 360 41.39 40.02 0.68

GB39 Sibton 333 43.02 36.60 0.66

GB43 Narberth 220 38.32 39.66 0.33

GB44 Somerton 347 38.33 37.87 0.69

GB45 Wicken Fen 329 40.47 38.49 0.72

IE31 Mace Head 362 41.17 40.01 0.64

NL09 Kollumerwaard 340 35.83 38.17 0.76

NL10 Vreedepeel 363 35.53 38.12 0.81

Mediterranean Countries and Portugal

ES07 Viznar 351 53.10 46.91 0.71

ES08 Niembro 357 41.95 45.03 0.78

ES09 Campisabalos 341 50.30 44.68 0.80

ES10 Cabo de Creus 358 49.37 45.24 0.74

ES11 Barcarrota 357 47.54 44.51 0.77

ES12 Zarra 341 50.99 46.94 0.83

ES13 Penausende 359 48.72 43.42 0.80

ES14 Els Torms 355 50.23 47.16 0.80

ES15 Risco Llano 344 49.92 45.69 0.78

IT01 Montelibretti 354 47.62 48.79 0.66

IT04 Ispra 340 41.49 49.67 0.68

GR01 Aliartos 363 30.65 43.79 0.44

MT01 Giordan lighth. 314 56.56 49.72 0.65
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Eastern European sites

Measured and modelled ozone levels for selected sites in this region are shown in Fig-

ure 4.8. These sites are mostly typical continental sites with a clear summer maximum,

reflecting local/regional ozone production in summer, and a winter minimum. As for

the Nordic sites the model performance is similar to previous years.

Central and North-west European sites

Measured and modelled ozone levels for selected sites in this region are shown in Fig-

ure 4.9. These sites are mainly typical continental sites with a clear summer maximum,

reflecting local/regional ozone production in summer, and a winter minimum. The site

Eskdalemuir in UK is partially a background site often receiving Atlantic background

air.

Mediterranean sites

Measured and modelled ozone levels for selected sites in this region are shown in Fig-

ure 4.10. The meteorological situation in and around the Mediterranean basin differs

considerably from the rest of Europe. This region also receives more solar radiation

resulting in conditions favorable for ozone production. Hence these sites have some

of the highest ozone levels in Europe. In general the model performance is good also

for this region. For Viznar (Southern Spain) and Giordan Lighthouse (Malta the model

underestimates summer ozone levels, whereas in Ispra (foot of the Italian Alps) and

Aliartos (Greece) overestimates ozone levels in the second half of the year. In partic-

ular Aliartos is a difficult site where there may be considerable influence from local

pollution.
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Figure 4.7: Modelled versus Observed Daily Max Ozone (ppb), Nordic Sites for 2005.
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Figure 4.8: Modelled versus Observed Daily Max Ozone (ppb), Eastern European

Sites for 2005.
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Figure 4.9: Modelled versus Observed Daily Max Ozone (ppb), Central and North-

West European Sites for 2005.
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Figure 4.10: Modelled versus Observed Daily Max Ozone (ppb), Mediterranean Sites

for 2005.
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CHAPTER 5

Validation of nitrogen compounds in the EMEP model

Hilde Fagerli and Wenche Aas

In the previous EMEP Status reports, the model results from the EMEP model have

been compared with observations from the EMEP network. The validation of HNO3,

NO−

3 , NH3 and NH+

4 was primarily based on the sum of gas and particles (HNO3+NO−

3

and NH3+NH+

4 ), as relatively few measurements of the gaseous and particulate compo-

nents existed. This year, more such measurements have become available, and we use

them in order to make a better evaluation of these nitrogen compounds in the EMEP

model. Furthermore, we use the NH3 and NH+

4 measurements for 2005 from the UK

National monitoring network and include parts of already published work where the

EMEP model has been validated against measurements from outside the EMEP net-

work. We do not aim for a full validation of the nitrogen compounds in this chapter,

but we present some progress towards a more thorough analysis of nitrogen modelling

in the EMEP model.

5.1 Gas-aerosol measurements in the EMEP network

EMEP has requested the Parties to report data on gas/particle measurements, and there

is a tendency that the number of measurements is increasing. Compared to 2004,

5 more sites report NH3/NH+

4 and 4 more for NO−

3 /HNO3. The increase is mainly

because Germany has started reporting this. In 2005 it was 21 and 22 sites with

HNO3/NO−

3 and NH3/NH+

4 measurements respectively. However, only the UK, Mon-

telibretti in Italy (IT01) and the Netherlands measure airborne nitrogen compounds

using the recommended method, namely denuder. The UK has monthly measurements

73
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while the others have daily. The remaining EMEP gaseous nitrogen measurements are

made using the filter pack method. It is well established that there can be significant

artifacts associated with filter pack sampling of NH3/NH+

4 and HNO3/NO−

3 . In warm

conditions NH4NO3 and NH4Cl aerosol may volatilize from prefilters (and be recorded

as the gases). In moist conditions gases may collect on prefilters. However the sum

of HNO3+NO−

3 and sum of NH3+NH+

4 are unbiased. The split between gaseous and

particulate nitrogen using filter pack should be checked with parallel low cost denuder

measurements that became a part of the EMEP monitoring programme in 2004. Sev-

eral sites started with these measurements in 2006 and this will be reported next year.

One should also notice that more sites do report NH+

4 and NO−

3 from PM10 and PM.2.5

samples. These are also biased data, and it is strongly recommended to have parallel

denuder measurements to be able to quantify the total nitrogen concentration in air.

When comparing the model and measurement data it is not only for model valida-

tion but just as much the other way around, to assess the efficiency of the gas/aerosol

partitioning using the filter pack method.

5.2 Nitric acid and nitrate aerosol

In chapter 3, we presented scatter-plots of model versus measurements of nitric acid

and aerosol nitrate and their sum for the year 2005. For most sites, the sum of nitric

acid and nitrate aerosol and the aerosol component were overestimated on a yearly

basis, whilst the results for nitric acid were somewhat mixed. In this section we analyze

the results for the gas and the aerosol component more in detail for the sites (17) which

have reported gas and particles measurements separately with daily frequency (Figures

5.1 to 5.4).

The model capture very well the seasonal cycle of aerosol nitrate, with high values

in the winter when the partitioning towards the particle phase is dominating and low

values in summer when the high temperatures drives the equilibrium towards gaseous

phase. The daily correlation coefficients are in the order of 0.4 to 0.8, with some

exceptions.

At the Austrian site Illmitz, the measurements show not only peak values in the

cold seasons, but there is also high values of nitrate in the summer months (see fig-

ure 5.1). The nitric acid measurements at the same site does not show the expected

seasonal cycle with peak values in the summer, but instead a rather similar seasonal

cycle as the nitrate aerosols with high values during early spring, late autumn and sum-

mer. This might indicate that the partitioning between aerosol and gas phase has not

been successfully captured using the filter-pack method at this sites, or that there are

contributions from local sources not accounted for in the model.

Large discrepancies are also found at the German site Schauinsland and the Slo-

vakian site Chopok, but these sites are situated at 1205 and 2008 m.a.s, respectively.

With a grid resolution of 50 km x 50 km, the model cannot represent small scale vari-

ations in topography. At winter time, these sites will be above the boundary layer at
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Figure 5.1: Comparison of model results and measurements (daily) for nitric acid and

nitrate aerosol (µg(N) m−3) at EMEP sites in 2005.

least parts of the time, whilst model calculations represent surface values. Therefore,

good agreement between the model results and observations cannot be expected.

The modelled values for the Norwegian sites Kaarvatn, Tustervatn and Karasjok

correlate poorly with the observed values. This can partly be attributed to local sources

or problems in the laboratory. The Norwegian filter pack measurements have the last
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Figure 5.2: Comparison of model results and measurements (daily) for nitric acid and

nitrate aerosol (µg(N) m−3) at German EMEP sites in 2005.
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Figure 5.3: Comparison of model results and measurements (daily) for nitric acid and

nitrate aerosol (µg(N) m−3) at Norwegian EMEP sites in 2005.

years been affected by NH4NO3 contaminated Teflon filters from the manufacture. The

obviously contaminated episodes have been deleted, but there is a possibility that the

levels are enhanced due to this problem. Nevertheless, the model results at Birkenes

(NO01) correlate fairly well with the measurements (r=0.89). This Norwegian site

has the highest nitrate concentrations, thus contamination may be a smaller problem
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Figure 5.4: Comparison of model results and measurements (daily) for nitric acid and

nitrate aerosol (µg(N) m−3) at Slovakian EMEP sites in 2005.

relativele to the absolute values.

In general, the model tends to overestimate the aerosol nitrate winter values and

underestimate summer values. There is, however, no such systematic pattern in the

comparison between model results and measurements for nitric acid, thus it is not

likely that the reason for the bias in the aerosol nitrate model results is caused by
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systematic errors in the parametrisation of the gas-particle equilibrium in the model.

The comparison between nitric acid model results and measurements are somewhat

worse than for aerosol nitrate, however, there are sites with correlation coefficients as

high as 0.77 (Langenbruegge/Waldhof), 0.56 (Zingst), 0.53 (Montelibretti) and 0.52

(Birkenes).

The modelled nitric acid at the 4 Slovakian sites are all 3-4 times higher than the

corresponding observations, and the correlation is poor. Except at Chopok, model

results agree well with measurements for aerosol nitrate at these sites. However, the

nitric acid measurement values are very low (less than 0.1 µg(N) m−3) and among

the lowest measured in the EMEP network. On contrast, the model predict values of

the same magnitude as in Italy, Hungary and Germany. In the field inter-comparison

performed at Stara Lesna in 2005-2006 comparing the Slovakian measurements with

the filter-pack measurements from EMEP/CCC (EMEP/CCC report 3/2007), the same

tendency was found; The HNO3 was much lower in the Slovakian measurements while

NO−

3 was higher than the filter-pack measurements from EMEP/CCC. The sum of

HNO3 and NO−

3 was in agreement with the EMEP/CCC results. This indicates that

the partition at the Slovakian sites is too far towards the particulate phase, maybe

influenced by filter type, coating solution, or storage time and temperature.

In the same manner as for aerosol nitrate, the measurements of HNO3 at the Nor-

wegian sites (except Birkenes) correlate poorly with the model results, but the mea-

surements show signs of ammonium nitrate contamination. Moreover, the modelled

values of nitric acid are often below the detection limit in the measurements. The

comparison between model and measurements for nitric acid is also hampered by the

detection limit at the Turkish site Cubuk II. Here, the detection limit varies over the

year, and the results are hard to interpret.

Conclusions

There are still problems associated with the gas-particle measurements within the

EMEP network, due to the widespread use of filter-packs. Therefore, it is hard to

make firm conclusions about the model performance for nitric acid and aerosol nitrate.

It seems rather clear, however, that aerosol nitrate is overestimated in the cold season.

There is no evidence of systematic biases in the performance for nitric acid, and for

the sites with the most reliable measurements (e.g. Montelibretti in Italy and the Ger-

man sites) the model perform rather well both with respect to temporal variation and

absolute values.

5.3 Ammonia and ammonium

In the figures 5.5 to 5.8, model results for aerosol ammonium and ammonia are com-

pared to measurements for all the sites that have reported the gas and particle phase

separately. The correlation between model and observations for ammonium is high at
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almost all sites (r ∼ 0.6-0.7) except for Schauinsland, Kaarvatn and Cubuk II. As dis-

cussed in the previous section, both Cubuk II and Schauinsland are high altitude sites,

thus they partly sample free troposphere air, especially in winter, whilst the model

results represent the surface. Thus, a good comparison cannot be expected.

The Norwegian filter pack measurements have the last years been affected by

NH4NO3 contaminated Teflon filters from the manufactures. The obvious contami-

nated episodes have been deleted, but there is a possibility that the levels are enhanced

due to this problem, and this may be the reason for the poor comparison at Kaarvatn.

In general, ammonium aerosol is overestimated by the model. This overestimation is

largest in the winter, smaller in spring and autumn whilst in summer the model and

measurements agree fairly well. Sulfate are well captured at all seasons (Fagerli et al.

(2003)), thus the overestimation in winter is possibly connected to the overestimation

of nitrate via ammonium nitrate, discussed in the previous section.

For ammonia the results are more mixed. At the German (except Zingst) and Dan-

ish sites, the model overestimate ammonia by 50-100%. At the other sites, ammonia

is underestimated by on average 50%. In general, correlation coefficients are low (0.2-

0.4). Ammonia emissions are related to agricultural activities and therefore represent

widely distributed (but often highly local!) sources. The EMEP model, with a grid

size of 50×50 km2 (at 60◦ N), and surface grid-cell depths of ca. 90 m, cannot be ex-

pected to reproduce such small-scale variations. Moreover, the temporal variations of

the ammonia emissions in reality depend on national regulations and meteorological

conditions, but is parametrized in a rather simple manner by monthly emission factors

depending only on the country and emission sector.

Ammonia and ammonium measurements are also available from the UK National

Ammonia Monitoring Network. A comparison of model results and these measure-

ments for 2005 is shown in figure 5.9. Whilst ammonium is rather well captured by

the model (r=0.82, bias=-12%) the comparison between ammonia model results and

observations is rather poor (r=0.32, bias=-55%). The UK National Ammonia Moni-

toring Network is a rather dense network, and some of the observation sites (with very

difference ammonia concentrations) fall within the same EMEP model grid cell. The

model tend to overestimate the lowest concentrations and underestimate the highest

concentrations. A likely reason for this is that when we model the grid-average, we

overestimate for the areas with low emissions (like forests), and underestimate for high

emission areas (like agricultural landscapes and grasslands).

Within the EU project NOFRETETE, passive samplers were installed at 9 sites

in Europe for a one-year period. Atmospheric concentrations of NH3 were measured

by passive diffusion samplers inside the forest canopy and above or outside the forest

canopy between May/June 2002 and June/July 2003. A comparison between these

measurements and the EMEP model results have been presented and discussed in

Simpson et al. (2006a). In Figure 5.10 the modelled versus observed monthly-average

NH3 concentrations at all the NOFRETETE sites are presented. The range of NH3 con-

centrations is captured fairly well, from 0.1 µg m−3 in Finland to ca. 5 µg m−3 in the

Netherlands. Except for Schottenwald and Sorø, the model overestimate NH3, in con-
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Figure 5.5: Comparison of model results and measurements (daily) for ammonia and

ammonium aerosol (µg(N) m−3) at German EMEP sites in 2005.
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Figure 5.6: Comparison of model results and measurements (daily) for ammonia and

ammonium aerosol (µg(N) m−3) at EMEP sites in 2005.
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Figure 5.7: Comparison of model results and measurements (daily) for ammonia and

ammonium aerosol (µg(N) m−3) at Norwegian EMEP sites in 2005.

tradiction to what is observed at most EMEP sites. However, the NOFRETETE sites

are all situated in forest areas, and forests are among the landuse classes with lowest

NH3 emissions. Thus, the model grid-average concentration is likely to overestimate

the concentrations.

Conclusions

The model perform fairly well for ammonium, with high temporal correlation coeffi-

cients (0.6-0.7). However, ammonium is overestimated in the cold seasons, at the same

time as nitrate is overestimated.
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Figure 5.8: Comparison of model results and measurements (daily) for ammonia and

ammonium aerosol (µg(N) m−3) at Danish EMEP sites in 2005.

No systematic deviations is found for ammonia with respect to seasons. With a

grid size of 50 km x 50 km, the model cannot capture the large spatial gradients in

ammonia. The model overestimate the low ammonia concentrations (for instance at the

forest sites from the EU project NOFRETETE) and underestimate high concentrations

(e.g. EMEP sites, which are situated in rural areas, often surrounded by agriculture

activities).

5.4 Oxidized and reduced nitrogen in precipitation

For wet deposition of reduced and oxidized nitrogen, more than 40 EMEP sites report

measurements regularly (in 2005, 53 sites reported reduced and oxidized nitrogen in

precipitation with daily frequency). The gradients in reduced and oxidized nitrogen
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Figure 5.9: Comparison of measurements from the UK National Ammonia Monitoring

Network and model results for ammonia and ammonium measurements for 2005. D =

Denuder, T = Diffusion Tube, B = ALPHA Sampler



86 EMEP REPORT 1/2007

 0

 0.05

 0.1

 0.15

 0.2

 0.25

 0.3

 0.35

 0.4

 0.45

 0.5

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

obs
mod

(a) Hyytiälä, Finland
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Figure 5.10: Comparison of modelled versus observed monthly-average NH3 (µg m−3)

at NOFRETETE sites for May/June 2002 to June/July 2003. Figures a)-d) are reprinted

from Simpson et al. (2006a).
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wet deposition over Europe is rather well represented (r ∼ 0.7). On average, modeled

reduced nitrogen and oxidized concentrations in precipitation are underestimated by

around 10-20% (Fagerli et al. (2006), Fagerli (2005, 2004), Fagerli et al. (2003)).

In Figure 5.11, we have compared model results and observations for reduced ni-

trogen wet deposition on a monthly basis. The underestimation is largest during the

early summer months June and July, but also on the low side for December and Jan-

uary, whilst depositions in March are often overestimated (Figure 5.11). No system-

atic over- or under-estimation with respect to seasons was found in the comparison of

model results and measurements for ammonia, thus there is no indication that major

improvements can be expected by improving the temporal variations of the ammonia

emissions. Ammonium concentrations in the cold months January and February are

overestimated, but wet deposition of ammonium in the same months are frequently un-

derestimated. Whilst the model also overestimate aerosol ammonium concentrations

in spring and autumn, modelled concentrations of reduced nitrogen wet depositions

are sometimes overestimated and sometimes underestimated. For oxidized nitrogen in

precipitation, a similar pattern is found - with the largest underestimation during the

summer months. More work is needed in order to understand this systematic devia-

tions between the model and the observations.

EMEP model results for 1997 and 2000 have also been compared to observed de-

position data from 160 sites of the EU/ICP Forest (International Co-operative Pro-

gramme on Assessment and Monitoring of Air Pollution Effects on Forests, http:

//www.icp-forests.org) monitoring network in Simpson et al. (2006b). The

spatial pattern of reduced and oxidized nitrogen deposition was reproduced fairly well

by the model, but systematic differences were found especially in southern Norway

and Sweden (Figure 5.12, 5.13 and 5.14). These discrepancies could at least partly

be explained by problems with precipitation sampling in winter-time in these regions,

which leads to quite different precipitation amounts in the ICP network and the EMEP

model for these sites.

The comparison with the data from the ICP network gave the same conclusion as

when the EMEP model data is compared to data from the EMEP network; the EMEP

model underestimate nitrogen concentrations in precipitation by around 10%. More

work is needed to establish if this discrepancy is due to the chemical or transport pro-

cesses in the model, or if it reflects uncertainties in the emissions of these compounds.



88 EMEP REPORT 1/2007

 10

 20

 30

 40

 50

 10  20  30  40  50

m
od

obs

NHx wet dep.

jan
feb

mar
apr

may
jun
jul

aug
sep
oct
nov
dec

x
2./3.*x
4./3.*x

Figure 5.11: Model versus measurements of reduced nitrogen wet deposition

(mg(N)m−2), 1995-2004. Each point represent the average for one month over all

EMEP sites that have reported observations of reduced nitrogen wet deposition.
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Figure 5.12: Yearly average wet deposition of reduced nitrogen, kg(N) ha−1 yr−1.

EMEP modelled wet deposition (deposition field) vs. ICP (bullets) during 1997.

Reprinted from Simpson et al. (2006b).
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Figure 5.13: Yearly average wet deposition of oxidised nitrogen, kg(N) ha−1 yr−1.

EMEP modelled wet deposition (deposition field) vs. ICP (bullets) during 1997.

Reprinted from Simpson et al. (2006b).
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Figure 5.14: Yearly average concentrations in precipitation of oxidised nitrogen,

mg(N) l−1. EMEP modelled (concentration field) vs. ICP (bullets) during 1997.

Reprinted from Simpson et al. (2006b).
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CHAPTER 6

Contribution to the Royal Society Study on

Ground-level Ozone

David Simpson

In January 2007 the Royal Society launched a new study to assess and

synthesise existing information on ground-level ozone and its impacts,

and their coupling to climate change. An open call for evidence to

inform the study was launched. The following evidence was submitted

by D. Simpson, EMEP MSC-W, on 20th April 2007, and is reproduced

here as a review of EMEP work in this area.

The chemical transport model of the European Monitoring and Evaluation Pro-

gramme (EMEP, www.emep.int) is a key tool within European air pollution abate-

ment strategy and legislation work. The EMEP MSC-W model simulates the emis-

sions, transport, transformation and removal of pollutants, and also allows the calcula-

tion of ozone fluxes to vegetation. The EMEP model is used to generate results for use

in integrated assessment modelling (IAM), and for studies on the risks and damages

caused by air pollution. Some previous applications of EMEP ozone models can be

found in: Eliassen et al. (1982), Emberson et al. (2000), Jonson et al. (1999, 2001,

2006), Reis et al. (2000), Simpson (1992, 1993, 1995a,b) and Simpson et al. (2007a).

Most of the work conducted within MSC-W has concentrated on past and current

levels of ozone, together with some simulations for years in the ‘near’ future, either
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2010 or 2020. So-called source-receptor relationships, which quantify the changes

in pollutants (including ozone) as a result of changes in emissions from each coun-

try, have recently been calculated as input to the RAINS integrated assessment mod-

elling tool (www.iiasa.ac.at/rains/index.html) and the European Com-

mission’s Clean Air for Europe (CAFE) Programme. Such relationships have been

produced for both 2010 scenarios (EMEP Status Report 1/2005, Appendix B and C)

and 2020.

This short note outlines a few recent studies from EMEP MSC-W which are rele-

vant to the issue of future ozone changes, albeit mainly for the next 10-20 years. Fur-

ther references can be found within these papers, or from EMEP publications available

at www.emep.int.

6.1 Changes in Ozone Concentrations

Model runs presented in Jonson et al. (2006), as well as observations, strongly suggest

that ozone is affected by a combination of changes in European emissions of ozone

precursors and an increase in lateral boundary concentrations (LBC, essentially hemi-

spheric ozone levels).

In wintertime, the decrease in European NOx emissions was found to lead to higher

O3 levels, as does the increase in LBCs. In summertime the direction of the ozone

change due to emissions is in general opposite to that of the LBC change: emission

reductions reduced ozone levels in most areas, whereas increasing levels of LBCs leads

to higher ozone levels.

According to the model calculations, reductions in the emissions of ozone precur-

sors should have produced a marked downward trend in calculated summer ozone in

central Europe, and in particular. in southern Germany. Unfortunately, many of the

sites with long timeseries suitable for trend studies are located in northern and western

parts of Europe where the calculated effects of the emission changes are small. At the

same time these areas are the ones most affected by an increase in background ozone.

Still, Jonson et al. (2006) concluded that the EMEP photo-oxidant model, driven by

changes in the imposed global/hemispheric boundary conditions and European emis-

sion changes, seems to be able to reproduce the observed trends of NO2 and ozone

rather well over much of Europe. In order to understand those discrepancies which still

remain, more work would be needed to (a) evaluate the emissions changes over this

period in greater detail, (b) make more use of evaluated measurement data, seasonally

differentiated, and screened for the types of problems which complicate trend studies,

and (c) perform model studies with finer resolution in order to minimize the effects

of non-linearities on the model predictions (this would need fine-resolution emissions

also, which are not currently available). Given the importance of trend analysis for air

pollution control, further work in these areas was highly encouraged.

Calculations of ozone in future was years were also conducted by Jonson et al.

(2005) and Tarrasón et al. (2005). These studies showed that the envisaged (CAFE
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scenario) emissions reductions up to 2020 were expected to yield substantial improve-

ments in terms of air quality in Europe, but that targets for health and environmental

standards could still not be met over large areas. It was noted that in particular future

ozone levels will depend on changes in hemispheric background ozone. Results from

the extreme year of 2003 were also compared to those from 1995 to 2002, highlight-

ing the high levels of ozone and other pollutants in this year. Tarrasón et al. (2005),

citing Schär et al. (2004), stated that current understanding on future climate situations

indicates that meteorological conditions such as those seem in 2003 might be more

probable in future. This would have worrying implications for all pollution-related

impacts in Europe for the future.

6.2 Changes in Ozone Fluxes and AOT40

Ozone damage to vegetation has been recognised and studied for many decades (Ben-

ton et al. 2000, Matyssek and Innes 1999, Skärby et al. 1998). In order to bring the

risk of ozone-induced plant injury within the scope of emission control strategy devel-

opment, such risks need to be related to some kind of metric which can be mapped.

Within UN-ECE, the two main metrics currently suggested for use in performing re-

gional scale risk assessments of ozone damage are the concentration based AOTX

index (Fuhrer et al. 1997), and the flux based AFstY approach (Accumulated stomatal

Flux over thresholds of Y nmol m−2 s−1, Mills 2004). The flux based approach relates

risk to the absorbed ozone dose rather than ambient ozone concentration, through the

use of stomatal conductance algorithms. These metrics have been defined in detail in

the recently revised UNECE Mapping Manual (Mills 2004).

Simpson et al. (2007a) used the EMEP model to map the concentration-based

AOT40 and flux-based AFstY indices across Europe, for both forest and crop landuse

types. The model was also re-run with emissions from a year 2020 scenario. In the

2020 run we allowed methane to increase according to present trends, and increased

the background ozone used as boundary conditions to the EMEP model by 5 ppb, con-

sistent with calculations presented in Dentener et al. (2005) and results discussed in

Jonson et al. (2006). A model run for 2020 but without increased hemispheric back-

ground was also conducted.

This study showed differences between the model runs with and without the back-

ground ozone changes for 2020, but the differences were limited. These results are

consistent with those of the study of Jonson et al. (2005), who explored the impor-

tance of lateral boundary conditions for mean ozone and AOT40 predicted within the

EMEP model domain. Jonson et al. (2001) also concluded that surface ozone levels

in Europe in the near future should be mainly determined by changes in European an-

thropogenic emissions. The results found in our study suggest a similar conclusion,

that changes in AOTX and AFstY values up to the year 2020 are likely to be controlled

mainly by changes in European emissions. However, both AOT and AFstY indices did

increase with increased hemispheric ozone. Further, wide regions of Europe experi-
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ence levels of ozone which are believed to be damaging even at today’s levels, so it is

clear that any further increase in ozone will be deleterious for vegetation in Europe.

Estimates of ozone fluxes to vegetation (AFstY) or AOT40 in the 21st century will

clearly be very sensitive to assumptions concerning background ozone levels. Calcula-

tions of ozone uptake will also be affected by changes in atmospheric moisture levels,

soil moisture, temperature, CO2-induced changes in uptake rate and a host of other

factors which are only partially understood at present (Ashmore 2005)

6.3 Changes in Aerosols

Changes in ozone and ozone precursors will also result in changes in a number of

aerosol components, having direct health impacts or possible effects on the global cli-

mate. Changes in NOx emissions will directly affect particulate nitrate concentrations

of course, and to a lesser extent sulphate and ammonium through atmospheric chem-

istry links. These type of changes are included in the source-receptor calculations

already provided to RAINS and the CAFE process, but these were only intended to be

applicable for near-future (2010-2030) situations.

Ozone also plays a key role in the formation of organic aerosols. Although the

details are still very uncertain, it seems likely that reactions of ozone (and associated

oxidants) with both anthropogenic and biogenic volatile organic compounds (VOC)

results in compounds which either create new particles (nucleation), or which condense

onto already existing aerosols and thus increase their mass.

Recent reviews have highlighted the complexity of carbonaceous aerosol both in

terms of known composition and formation mechanisms (Baltensperger et al. 2005,

Donahue et al. 2005, Fuzzi et al. 2006, Gelencsér 2004, Kanakidou et al. 2005, Pöschl

2005). Various modelling studies have attempted to apply promising approaches, but

uncertainties are again large and it is difficult to reproduce measurements (Pun et al.

2003, Tsigaridis and Kanakidou 2003, Andersson-Sköld and Simpson 2001, Simpson

et al. 2007b).

Recent measurement results, making use of 14C and other data, have suggested

that secondary organic aerosol (SOA) formation, associated the biogenically emitted

VOC, is responsible for a large fraction of organic aerosol in today’s atmosphere, at

least in summertime (Szidat et al. 2004, 2006, Gelencsér et al. 2007). However, there

is good evidence that the total mass of organic aerosol has increased since the start of

the century (Lavanchy et al. 1999, Legrand et al. 2007). This increase is seen despite

the fact that there has been no great increase in European forest cover over the same

period, and that changes in temperature are too small to have affected biogenic VOC to

the same extent. This apparent discrepancy between a major contribution from organic

aerosol of biogenic origin today, and the large changes seen in the ice-cores taking

place over the period of 20th century industrialisation, can be explained by the links

between SOA formation and NOx and ozone changes. Although other factors may play

a role, the increase in ozone seen during the 20th century is believed to have increased
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the photochemical oxidation of biogenically derived VOC, which results in a greater

formation of organic aerosol (Kanakidou et al. 2000). Unpublished calculations with

the EMEP SOA model (Andersson-Sköld and Simpson 2001, Simpson et al. 2007b),

despite using a very different chemical/aerosol mechanism to that used in Kanakidou

et al. (2000), support this explanation of the trends in OC over the 20th century and

the strong link between ozone and organic aerosol.

6.4 Conclusions

These studies, as well as others conducted within EMEP MSC-W over the years, allow

a number of conclusions to be drawn about our ability to understand future ozone

changes:

• Emissions reductions in Europe have a very beneficial effect on the environment,

but further measures will be needed to meet all health and vegetation-related

targets, even without considering hemispheric effects.

• Changes in the background troposphere may have large impacts on European air

quality, at least if ozone levels increase more than the 5 ppb or so foreseen for

simulations up to around 2020.

• Atmospheric models seem to do a reasonable job of reproducing past trends in

ozone and precursors, but many uncertainties remain. A major limitation of

such studies is the difficulty of finding long-term sets of data which sufficient

quality. As year to year variation in pollutant levels is often much greater than

changes expected as a result of emissions control, long-term measurements are

an essential prerequisite to any model verification procedures

• More generally, model development and verification is limited by a lack of key

measurements in many areas. For example, it is difficult to verify the nitro-

gen budget of current models, as very few locations measure the different com-

ponents (separated measurements of fine and coarse-mode particulate nitrate,

gaseous NO2, HNO3, PAN and other organic nitrates, etc.).

• The links between ozone and especially organic aerosols are probably important,

but much basic research is needed to understand the processes. Still, it seems

likely that any increase in future ozone levels will also lead to increases in or-

ganic aerosol production, with subsequent implications for the global climate.
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role of increasing temperature variability in European summer heat waves. Nature,

427:333–336, 2004.

D. Simpson. Long period modelling of photochemical oxidants in Europe. Calcula-

tions for July 1985. Atmospheric Environment, 26A(9):1609–1634, 1992.

D. Simpson. Photochemical model calculations over Europe for two extended summer

periods: 1985 and 1989. Model results and comparisons with observations. Atmo-

spheric Environment, 27A(6):921–943, 1993.

D. Simpson. Biogenic emissions in Europe 2: Implications for ozone control strate-

gies. J. Geophys. Res., 100(D11):22891–22906, 1995a.

D. Simpson. Hydrocarbon reactivity and ozone formation in Europe. J. Atmos. Chem.,

20:163–177, 1995b.

D. Simpson, L. Emberson, M.R. Ashmore, and J.P. Tuovinen. A comparison of two

different approaches for mapping potential ozone damage to vegetation. A model

study. Environmental Pollution, 146:715–725, 2007a.

D. Simpson, K.E. Yttri, Z. Klimont, K. Kupiainen, A. Caseiro, A. Gelencsér, C. Pio,

M. Legrand, and K.E. Yttri. Modelling of carbonaceous aerosol over Europe. anal-

ysis of the CARBOSOL and EMEP EC/OC campaigns. J. Geophys. Res., In press,

2007b. doi: 10.1029/2006JD008158.



CHAPTER 6. EVIDENCE TO ROYAL SOC. 99

L. Skärby, H. Ro-Poulsen, F.A.M. Wellburn, and L.J. Sheppard. Impacts of ozone on

forests: A European perspective. New Phytol., 139:109–122, 1998.
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APPENDIX A

National emissions and projections

This Appendix contains the national emission data and the different projections used

throughout this report for main pollutants and primary particle emissions. The actual

gridded emission data used in the EMEP Unified model calculations will be available

in autumn 2007 on http://webdab.emep.int

A:1
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Table A:1: National total emission and projections. Emissions of sulphur used for

modelling at the MSC-W (Gg of SO2 per year)
Area/Year 1990 1995 2000 2001 2002 2003 2004 2005 2010GP

Albania 74 14 32 32 32 32 32 32 30

Armenia 86 15 11 11 10 9 8 8 73

Austria 74 47 32 33 33 33 29 26 39

Azerbaijan 615 262 162 154 146 138 130 130 15

Belarus 888 344 162 126 117 107 97 103 480

Belgium 361 262 171 169 150 147 154 147 106

Bosnia and Herzegovina 484 360 420 422 423 425 427 427 411

Bulgaria 2007 1477 918 969 964 994 929 900 856

Croatia 178 70 60 63 68 75 85 60 70

Cyprus 46 41 50 47 51 45 45 42 17

Czech Republic 1876 1090 264 248 235 232 227 219 283

Denmark 176 133 27 24 24 30 23 22 55

Estonia 274 117 96 92 88 101 90 77 44

Finland 259 95 74 85 79 98 83 69 116

France 1333 968 613 550 510 505 484 465 400

Georgia 43 6 7 6 6 5 5 5 9

Germany 5289 1708 630 628 588 595 559 560 550

Greece 487 536 493 502 517 554 537 537 546

Hungary 1011 705 486 400 360 339 240 129 550

Iceland 9 9 9 9 9 9 9 8 29

Ireland 186 161 131 126 96 76 71 70 42

Italy 1795 1320 752 708 632 506 418 496 500

Kazakhstan 651 528 506 486 466 445 425 425 237

Latvia 97 47 10 8 6 5 4 4 107

Lithuania 263 92 43 45 43 39 40 44 145

Luxembourg 26 7 4 4 4 4 4 4 4

Malta 29 33 26 29 29 33 17 18 12

Montenegro 48

Netherlands 189 127 72 73 65 63 66 62 50

Norway 53 34 27 25 23 23 25 24 22

Poland 3278 2381 1507 1564 1455 1375 1286 1222 1397

Portugal 317 332 306 294 294 200 203 215 170

Republic of Moldova 175 94 13 12 15 21 15 13 135

Romania 1310 882 727 832 783 734 685 727 918

Russian Federation 6113 3101 2263 2162 2061 1960 1858 1858 2464

Serbia 293

Serbia and Montenegro 593 428 396 382 368 355 341 277

Slovakia 542 239 127 131 103 106 97 89 110

Slovenia 198 127 99 68 71 64 55 42 27

Spain 2166 1795 1489 1446 1550 1352 1172 1215 774

Sweden 117 79 52 51 51 52 47 40 67

Switzerland 42 28 19 18 18 18 17 17 26

TFYR of Macedonia 110 93 90 89 88 88 87 108 82

Turkey 1519 1397 2122 2039 1957 1875 1792 1792 1708

Ukraine 3921 2342 1599 1461 1324 1232 1145 1294 1457

United Kingdom 3699 2343 1173 1111 994 973 833 706 625

North Africa 413 413 413 413 413 413 413 413 413

Remaining Asian areas 854 854 854 854 854 854 854 854 805

Baltic Sea 168 191 216 221 227 233 239 245 146

Black Sea 45 51 58 59 61 62 64 65 67

Mediterranean Sea 858 975 1108 1137 1166 1196 1227 1259 1346

North Sea 361 409 464 475 487 500 513 526 316

Remaining N-E Atlantic Ocean 384 434 492 504 517 530 543 557

Natural marine emissions 743 743 743 743 743 743 743 743 743

Volcanic emissions 2000 2000 2000 2000 2000 2000 2000 2000 2000

TOTAL 48781 32338 24617 24144 23374 22602 21490 21454 22471
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Table A:2: National total emission and projections. Emissions of nitrogen oxides used

for modelling at the MSC-W (Gg of NO2 per year)
Area/Year 1990 1995 2000 2001 2002 2003 2004 2005 2010GP

Albania 23 16 22 22 23 24 25 25 28

Armenia 60 18 31 32 33 38 38 38 46

Austria 212 193 204 213 220 230 227 225 107

Azerbaijan 171 85 76 77 80 86 85 85 43

Belarus 379 232 208 204 205 209 213 184 255

Belgium 382 372 330 316 300 298 298 293 181

Bosnia and Herzegovina 73 51 53 53 52 52 52 52 54

Bulgaria 363 264 184 192 197 202 216 233 266

Croatia 88 66 77 70 69 69 70 69 87

Cyprus 19 20 25 19 23 22 19 17 21

Czech Republic 742 413 398 332 316 324 328 278 286

Denmark 266 253 188 184 181 189 171 186 127

Estonia 74 38 37 38 40 39 37 32 28

Finland 299 258 235 220 208 218 205 177 170

France 1829 1643 1390 1335 1282 1243 1218 1207 860

Georgia 64 13 30 30 31 32 32 32 30

Germany 2878 2131 1855 1763 1674 1605 1554 1443 1081

Greece 299 320 328 343 318 343 317 317 344

Hungary 276 193 194 192 196 192 190 203 198

Iceland 9 8 9 9 9 11 11 11 30

Ireland 119 120 129 132 122 117 116 116 65

Italy 1945 1808 1377 1366 1275 1259 1244 1173 1000

Kazakhstan 179 162 119 127 135 151 151 151 50

Latvia 69 41 34 38 37 38 39 41 84

Lithuania 158 65 49 47 51 53 55 58 110

Luxembourg 20 32 33 32 31 30 29 29 11

Malta 14 13 12 12 11 12 12 12 6

Montenegro 21

Netherlands 549 464 389 381 368 367 360 344 266

Norway 224 221 224 220 212 215 215 197 156

Poland 1581 1121 838 848 796 808 804 811 879

Portugal 243 274 285 286 294 271 271 275 260

Republic of Moldova 131 79 27 23 25 30 38 31 90

Romania 527 400 331 335 338 342 346 346 437

Russian Federation 3600 2570 2457 2582 2698 3105 3093 3093 2758

Serbia 128

Serbia and Montenegro 165 133 137 140 141 146 149 168

Slovakia 215 174 109 109 101 98 98 97 130

Slovenia 63 66 60 59 58 56 57 58 45

Spain 1247 1351 1477 1459 1522 1519 1519 1405 847

Sweden 306 271 217 211 206 203 197 205 148

Switzerland 156 119 101 97 92 88 87 86 79

TFYR of Macedonia 46 35 39 41 42 43 42 30 41

Turkey 691 789 942 940 937 934 932 932 852

Ukraine 1753 1245 861 886 911 936 960 960 1222

United Kingdom 2932 2355 1857 1799 1693 1685 1621 1627 1181

North Africa 96 96 96 96 96 96 96 96 96

Remaining Asian areas 169 169 169 169 169 169 169 169 79

Baltic Sea 236 268 303 311 318 327 335 343 361

Black Sea 62 70 80 82 84 86 88 90 94

Mediterranean Sea 1234 1402 1593 1634 1677 1720 1765 1810 1914

North Sea 508 575 652 668 685 703 721 739 777

Remaining N-E Atlantic Ocean 565 639 724 742 760 779 799 819 863

Natural marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 28310 23715 21593 21515 21343 21809 21713 21399 19310
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Table A:3: National total emission and projections. Emissions of ammonia used for

modelling at the MSC-W (Gg of NH3 per year)
Area/Year 1990 1995 2000 2001 2002 2003 2004 2005 2010GP

Albania 23 19 22 22 23 23 23 23 26

Armenia 24 15 13 13 12 15 17 17 25

Austria 69 70 66 65 64 65 64 64 66

Azerbaijan 68 41 37 36 35 41 48 48 25

Belarus 215 154 142 134 128 120 121 135 158

Belgium 112 103 87 84 82 79 74 74 74

Bosnia and Herzegovina 21 17 17 17 17 17 17 17 17

Bulgaria 144 99 56 56 56 52 54 57 108

Croatia 53 52 53 52 53 53 53 44 30

Cyprus 5 5 6 7 5 6 6 5 6

Czech Republic 157 87 76 81 74 82 69 68 101

Denmark 134 114 105 104 102 98 98 93 69

Estonia 26 12 9 9 9 10 10 9 11

Finland 38 35 33 33 33 33 33 36 31

France 787 772 789 775 778 750 742 735 780

Georgia 36 22 20 19 19 22 26 26 97

Germany 758 642 646 659 649 648 641 619 550

Greece 79 81 73 73 72 72 72 72 73

Hungary 124 77 71 67 65 67 74 80 90

Iceland 4 4 4 4 4 4 4 4 3

Ireland 114 121 123 123 119 116 113 113 116

Italy 405 417 424 433 435 423 412 426 419

Kazakhstan 664 449 470 487 503 520 537 537 18

Latvia 47 15 12 14 13 14 13 14 44

Lithuania 82 34 43 45 46 47 49 39 84

Luxembourg 7 7 7 7 7 7 7 7 7

Malta 1 1 1 1 1 1 1 1 1

Montenegro 9

Netherlands 249 193 152 143 136 130 134 135 128

Norway 20 23 23 23 23 23 23 23 23

Poland 511 378 321 328 325 323 317 326 468

Portugal 55 63 64 66 64 64 64 73 108

Republic of Moldova 61 45 28 30 30 27 26 27 42

Romania 289 193 252 253 257 261 266 266 210

Russian Federation 1204 837 663 638 613 613 621 621 835

Serbia 57

Serbia and Montenegro 74 63 65 65 65 66 66 69

Slovakia 66 42 32 33 33 31 28 29 39

Slovenia 25 22 20 20 20 19 17 19 20

Spain 329 306 388 384 385 399 413 398 353

Sweden 55 64 58 57 57 56 56 52 57

Switzerland 68 63 60 57 55 52 58 55 63

TFYR of Macedonia 15 14 14 14 14 14 14 14 15

Turkey 373 387 403 404 405 406 407 407 241

Ukraine 682 463 485 500 517 533 550 550 592

United Kingdom 382 359 337 330 319 308 336 318 297

North Africa 235 235 235 235 235 235 235 235 235

Remaining Asian areas 278 278 278 278 278 278 278 278 278

Baltic Sea 0 0 0 0 0 0 0 0 0

Black Sea 0 0 0 0 0 0 0 0 0

Mediterranean Sea 0 0 0 0 0 0 0 0 0

North Sea 52 0 0 0 0 0 0 0 0

Remaining N-E Atlantic Ocean 0 0 0 0 0 0 0 0 0

Natural marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 9166 7493 7284 7277 7236 7223 7288 7255 7102



APPENDIX A. EMISSION TABLES A:5

Table A:4: National total emission and projections. Emissions of non-methane volatile

organic compounds used for modelling at the MSC-W (Gg of NMVOC per year)
Area/Year 1990 1995 2000 2001 2002 2003 2004 2005 2010GP

Albania 30 31 29 30 31 31 32 32 36

Armenia 95 37 47 47 48 49 49 49 81

Austria 284 221 179 182 176 175 172 154 159

Azerbaijan 376 202 233 233 233 234 234 234 9

Belarus 497 378 340 320 301 314 326 326 309

Belgium 305 255 201 194 181 173 165 155 144

Bosnia and Herzegovina 48 35 40 40 41 41 42 42 46

Bulgaria 214 192 123 128 123 121 132 147 185

Croatia 105 74 80 83 91 104 122 92 90

Cyprus 16 16 16 16 16 16 12 9 6

Czech Republic 374 281 266 257 238 238 240 218 220

Denmark 166 152 127 122 118 116 116 118 85

Estonia 71 47 38 34 39 41 41 36 30

Finland 221 187 154 157 151 145 142 131 130

France 2414 2032 1658 1587 1476 1411 1367 1439 1100

Georgia 151 53 110 110 109 108 107 107 19

Germany 3584 2100 1569 1476 1381 1272 1268 1253 995

Greece 281 302 295 289 261 278 262 262 261

Hungary 252 191 187 179 176 171 172 177 137

Iceland 12 12 9 10 10 11 11 11 7

Ireland 111 105 90 87 81 78 63 62 55

Italy 2023 2022 1538 1453 1344 1307 1273 1261 1159

Kazakhstan 214 122 140 143 145 147 150 150 50

Latvia 73 62 58 58 59 60 64 63 136

Lithuania 136 71 78 71 72 75 67 84 92

Luxembourg 16 22 13 12 11 11 10 10 9

Malta 8 8 8 8 8 8 7 5 2

Montenegro 21

Netherlands 491 364 267 242 236 222 216 176 191

Norway 295 367 379 389 343 297 265 222 195

Poland 832 771 606 607 600 606 600 885 800

Portugal 273 288 282 284 286 287 287 302 202

Republic of Moldova 123 83 42 44 45 36 33 38 100

Romania 517 357 378 385 391 398 404 404 523

Russian Federation 3659 2848 2445 2510 2574 2791 2675 2675 2760

Serbia 126

Serbia and Montenegro 158 125 141 142 144 145 147 154

Slovakia 122 111 86 88 84 88 91 84 140

Slovenia 53 55 51 49 48 46 46 43 40

Spain 1135 1093 1162 1147 1139 1146 1153 1055 669

Sweden 443 362 282 270 264 265 255 199 241

Switzerland 262 177 130 126 121 117 98 101 144

TFYR of Macedonia 21 27 25 26 27 27 28 28 32

Turkey 636 523 563 561 559 556 554 554 656

Ukraine 1053 748 641 662 683 704 725 725 797

United Kingdom 2396 1939 1348 1252 1175 1073 1024 977 1200

North Africa 96 96 96 96 96 96 96 96 96

Remaining Asian areas 204 204 204 204 204 204 204 204 186

Baltic Sea 8 9 10 11 11 11 12 12 13

Black Sea 2 3 3 3 3 3 3 3 4

Mediterranean Sea 41 47 54 55 56 58 59 61 69

North Sea 52 20 23 23 24 25 25 26 29

Remaining N-E Atlantic Ocean 19 21 24 25 25 26 27 27 31

Natural marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 24936 19847 16868 16527 16059 15964 15673 15671 14825
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Table A:5: National total emission and projections. Emissions of carbon monoxide

used for modelling at the MSC-W (Gg of CO per year)
Area/Year 1990 1995 2000 2001 2002 2003 2004 2005 2010GP

Albania 139 139 124 122 119 117 114 114 160

Armenia 563 82 164 166 170 180 186 186 104

Austria 1222 1010 798 782 738 762 742 720 727

Azerbaijan 898 253 191 188 188 191 193 193 293

Belarus 759 744 725 719 727 741 758 765 837

Belgium 1380 1114 1072 1009 969 956 972 876 306

Bosnia and Herzegovina 132 75 96 100 103 107 111 111 160

Bulgaria 827 786 667 659 700 696 755 740 568

Croatia 698 412 395 327 309 293 279 311 480

Cyprus 62 69 83 86 84 85 85 41 83

Czech Republic 1050 935 650 602 544 578 572 511 475

Denmark 753 716 576 593 577 595 578 611 358

Estonia 314 207 177 178 178 183 175 158 126

Finland 562 440 530 604 599 564 554 525 644

France 10711 8519 6628 6311 6010 5815 5977 5646 4795

Georgia 794 133 670 668 669 671 672 672 223

Germany 12120 6404 4991 4696 4434 4311 4095 4035 4245

Greece 1281 1319 1295 1266 1166 1199 1265 1265 1237

Hungary 1000 761 633 592 584 541 525 576 492

Iceland 43 43 46 46 46 46 46 46 19

Ireland 411 315 280 270 251 235 236 222 204

Italy 7240 7133 5188 5108 4506 4403 4310 4193 3651

Kazakhstan 869 320 287 291 298 313 321 321 279

Latvia 405 364 296 314 306 311 342 322 185

Lithuania 562 283 278 226 224 222 184 190 228

Luxembourg 61 57 49 49 48 48 48 48 42

Malta 23 26 20 17 15 12 10 10 21

Montenegro 58

Netherlands 1150 883 751 669 668 648 623 599 623

Norway 868 735 564 552 546 510 483 446 1552

Poland 4577 4493 3414 3598 3412 3318 3426 3333 2863

Portugal 880 852 749 700 689 675 668 652 1794

Republic of Moldova 419 254 90 95 91 91 77 90 192

Romania 1324 909 1319 1282 1246 1209 1172 1172 1034

Russian Federation 15439 10535 11315 11856 12398 13286 13837 13837 9806

Serbia 358

Serbia and Montenegro 431 332 389 396 403 409 416 573

Slovakia 570 431 320 322 299 315 316 303 240

Slovenia 107 123 101 95 90 83 84 84 199

Spain 3538 3106 2597 2544 2427 2323 2231 2246 3362

Sweden 1133 1010 730 691 659 627 588 602 624

Switzerland 641 468 401 378 361 331 336 335 346

TFYR of Macedonia 95 88 84 83 83 80 77 117 214

Turkey 3825 4146 3920 3663 3674 3685 3693 3693 3778

Ukraine 3725 2425 2276 2318 2360 2295 2691 2424 3055

United Kingdom 8286 6345 4285 4088 3617 3103 2923 2408 1924

North Africa 336 336 336 336 336 336 336 336 336

Remaining Asian areas 449 449 449 449 449 449 449 449 131

Baltic Sea 24 27 31 32 33 33 34 35 40

Black Sea 6 7 8 8 9 9 9 9 11

Mediterranean Sea 124 141 160 164 168 173 177 182 207

North Sea 52 59 67 68 70 72 74 75 85

Remaining N-E Atlantic Ocean 55 62 70 72 74 76 78 80 90

Natural marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 92932 70876 61335 60446 58724 58310 58902 57331 54020



APPENDIX A. EMISSION TABLES A:7

Table A:6: National total emission and projections. Emissions of fine Particulate Mat-

ter used for modelling at the MSC-W (Gg of PM2.5 per year)
Area/Year 2000 2001 2002 2003 2004 2005 2010GP

Albania 7 7 7 7 7 7 5

Armenia 0 0 0 0 0 0 5

Austria 26 27 26 27 27 26 31

Azerbaijan 6 6 5 5 5 5 19

Belarus 40 41 41 41 41 41 34

Belgium 35 32 32 30 30 29 28

Bosnia and Herzegovina 20 20 20 20 19 19 17

Bulgaria 59 58 57 56 56 56 46

Croatia 20 19 18 17 17 17 14

Cyprus 1 1 1 1 1 1 2

Czech Republic 28 31 35 39 36 21 34

Denmark 23 23 22 23 23 28 16

Estonia 38 31 25 21 22 20 13

Finland 38 38 39 38 39 34 31

France 342 337 318 325 325 329 202

Georgia 3 3 3 3 2 2 8

Germany 115 113 109 108 105 111 133

Greece 49 50 52 53 54 54 49

Hungary 26 24 24 27 27 39 26

Iceland 1 1 1 1 1 1 3

Ireland 13 12 11 13 12 11 11

Italy 209 197 185 173 161 161 131

Kazakhstan 31 30 29 28 27 27 11

Latvia 11 12 12 11 13 14 6

Lithuania 17 17 17 17 17 17 14

Luxembourg 3 3 3 3 3 3 3

Malta 1 1 1 0 0 0 0

Montenegro 6

Netherlands 29 28 26 25 24 23 27

Norway 58 57 60 56 55 50 19

Poland 135 142 138 136 134 138 147

Portugal 95 97 90 92 101 96 38

Republic of Moldova 23 23 24 25 25 25 21

Romania 115 112 109 106 103 103 86

Russian Federation 694 711 728 745 762 762 864

Serbia 37

Serbia and Montenegro 45 44 44 43 43 39

Slovakia 26 26 27 25 28 39 14

Slovenia 7 7 7 7 7 7 10

Spain 139 141 144 144 145 138 110

Sweden 46 46 46 47 47 33 47

Switzerland 9 9 9 9 8 9 7

TFYR of Macedonia 9 9 9 9 9 6 8

Turkey 305 295 286 277 268 268 258

Ukraine 289 287 284 281 278 278 273

United Kingdom 108 107 99 96 95 95 79

North Africa 0 0 0 0 0 0 0

Remaining Asian areas 0 0 0 0 0 0 0

Baltic Sea 22 23 23 24 25 25 23

Black Sea 6 6 7 7 7 7 8

Mediterranean Sea 123 126 129 132 136 139 154

North Sea 50 51 52 54 55 56 52

Remaining N-E Atlantic Ocean 57 58 60 61 63 64 72

Natural marine emissions 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0

TOTAL 3553 3539 3493 3487 3487 3480 3247
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Table A:7: National total emission and projections. Emissions of Particulate Matter

used for modelling at the MSC-W (Gg of PM10 per year)
Area/Year 2000 2001 2002 2003 2004 2005 2010GP

Albania 9 9 9 9 9 10 7

Armenia 1 1 1 0 0 0 7

Austria 44 46 46 46 47 45 43

Azerbaijan 7 6 6 6 5 6 30

Belarus 56 56 57 57 57 57 49

Belgium 66 64 63 61 62 43 48

Bosnia and Herzegovina 48 47 46 46 45 45 37

Bulgaria 94 94 93 92 92 92 80

Croatia 30 28 27 26 24 24 20

Cyprus 1 1 1 1 1 1 3

Czech Republic 44 47 50 56 52 34 52

Denmark 30 31 30 31 31 38 26

Estonia 51 42 35 30 30 26 18

Finland 54 54 55 55 58 53 37

France 549 541 519 531 532 508 281

Georgia 4 3 3 3 3 2 12

Germany 193 187 184 184 173 194 219

Greece 75 78 80 82 84 85 67

Hungary 60 57 56 61 60 64 37

Iceland 1 1 1 1 1 1 3

Ireland 20 19 18 18 18 15 18

Italy 273 258 243 229 214 213 182

Kazakhstan 56 53 51 48 45 45 22

Latvia 14 15 14 14 16 16 8

Lithuania 21 21 21 21 20 21 18

Luxembourg 4 4 4 4 4 4 4

Malta 1 1 1 1 1 0 1

Montenegro 12

Netherlands 48 47 45 41 41 40 50

Norway 64 64 66 62 61 57 24

Poland 279 300 291 286 280 289 206

Portugal 119 127 117 118 128 124 48

Republic of Moldova 41 42 43 45 46 46 38

Romania 171 167 162 157 152 151 135

Russian Federation 1161 1220 1268 1336 1366 1366 1388

Serbia 74

Serbia and Montenegro 93 91 89 88 86 76

Slovakia 45 46 41 38 41 50 22

Slovenia 9 9 9 9 9 9 14

Spain 208 209 215 214 213 178 160

Sweden 68 68 68 70 69 53 58

Switzerland 20 19 19 19 18 19 13

TFYR of Macedonia 21 21 20 20 19 19 16

Turkey 436 421 405 390 374 375 365

Ukraine 473 469 466 462 458 458 457

United Kingdom 180 176 160 155 154 150 130

North Africa 0 0 0 0 0 0 0

Remaining Asian areas 0 0 0 0 0 0 0

Baltic Sea 23 24 25 25 26 26 24

Black Sea 7 7 7 7 7 7 8

Mediterranean Sea 129 133 136 140 143 147 162

North Sea 52 54 55 57 58 59 55

Remaining N-E Atlantic Ocean 60 62 63 65 66 68 76

Natural marine emissions 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0

TOTAL 5519 5538 5484 5513 5501 5418 4852
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Source-Receptor relationships:

Tables for 2005

The source-receptor tables in this Appendix are calculated for the meteorological and

chemical conditions of 2005. The source-receptor (SR) relationships give the change

in air concentrations or depositions resulting from a change in emissions from each

emitter country.

For each country, reductions in six different pollutants have been calculated sepa-

rately: with an emission reduction of 15% for SOx, NOx, NH3, NMVOC, PPMfine or

PPMcoarse respectively.

The deposition tables show the contribution from one country to another. They

have been calculated adding the differences obtained by a 15% reduction for all emis-

sions in one country multiplied by a factor of 100/15, in order to arrive at total esti-

mates, as recommended in EMEP status report 1/2004.

For the concentrations and indicator tables, the differences obtained by the 15%

emission reduction of the relevant pollutants are given directly. Thus, the tables should

be interpreted as estimates of this reduction scenario from the chemical conditions in

2005.

The SR tables in the following, aim to respond to two fundamental questions about

transboundary air pollution:

1. Where do the pollutants emitted by a country or region end up?

2. Where do the pollutants in a given country or region come from?

B:1
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Each column answers the first question. The numbers within a column give the

change in the value of each pollutant (or indicator) for each receiver country caused by

the emissions in the country given at the top of the column.

Each row answers the second question. The numbers given in each row show which

emitter countries were responsible for the change in pollutants in the country given at

the beginning of each row.
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Overview over SR tables presented in this Appendix:

Acidification and eutrophication

• Deposition of OXS (oxidised sulphur). The contribution from SOx, NOx, NH3

and VOC emissions have been summed up and scaled to a 100% reduction.

• Deposition of OXN (oxidised nitrogen). The contribution from SOx, NOx, NH3

and VOC emissions have been summed up and scaled to a 100% reduction.

• Deposition of RDN (reduced nitrogen). The contribution from SOx, NOx, NH3

and VOC emissions have been summed up and scaled to a 100% reduction.

Ground Level Ozone

• AOT403m
f . Effect of a 15% reduction in NOx emissions.

• AOT403m
f . Effect of a 15% reduction in VOC emissions.

• SOMO35. Effect of a 15% reduction in NOx emissions.

• SOMO35. Effect of a 15% reduction in VOC emissions.

Particulate Matter

• PM2.5. Effect of a 15% reduction in PPM emissions.

• PM2.5. Effect of a 15% reduction in SOx emissions.

• PM2.5. Effect of a 15% reduction in NOx emissions.

• PM2.5. Effect of a 15% reduction in NH3 emissions.

• PM2.5. Effect of a 15% reduction in VOC emissions.

• PM2.5. Effect of a 15% reduction in all emissions. The contribution from a 15%

reduction in PPM, SOx, NOx, NH3 and VOC emissions have been summed up
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Table B.1: 2005 country-to-country blame matrices for oxidised sulphur deposition.

Units: 100 Mg of S. Emitters →, Receptors ↓.
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Table B.1 Cont.: 2005 country-to-country blame matrices for oxidised sulphur deposition.

Units: 100 Mg of S. Emitters →, Receptors ↓.
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Table B.2: 2005 country-to-country blame matrices for oxidised nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓.
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Table B.2 Cont.: 2005 country-to-country blame matrices for oxidised nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓.
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Table B.3: 2005 country-to-country blame matrices for reduced nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓.
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Table B.3 Cont.: 2005 country-to-country blame matrices for reduced nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓.
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Table B.4: 2005 country-to-country blame matrices for AOT403m
f .

Units: ppb.h per 15% emis. red. of NOx. Emitters →, Receptors ↓.
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Table B.4 Cont.: 2005 country-to-country blame matrices for AOT403m
f .

Units: ppb.h per 15% emis. red. of NOx. Emitters →, Receptors ↓.
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Table B.5: 2005 country-to-country blame matrices for AOT403m
f .

Units: ppb.h per 15% emis. red. of VOC. Emitters →, Receptors ↓.
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Table B.5 Cont.: 2005 country-to-country blame matrices for AOT403m
f .

Units: ppb.h per 15% emis. red. of VOC. Emitters →, Receptors ↓.
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Table B.6: 2005 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of NOx. Emitters →, Receptors ↓.
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Table B.6 Cont.: 2005 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of NOx. Emitters →, Receptors ↓.
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Table B.7: 2005 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of VOC. Emitters →, Receptors ↓.
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Table B.7 Cont.: 2005 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of VOC. Emitters →, Receptors ↓.
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Table B.8: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM. Emitters →, Receptors ↓.
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Table B.8 Cont.: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM. Emitters →, Receptors ↓.
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Table B.9: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of SOx. Emitters →, Receptors ↓.
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Table B.9 Cont.: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of SOx. Emitters →, Receptors ↓.
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Table B.10: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NOx. Emitters →, Receptors ↓.
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Table B.10 Cont.: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NOx. Emitters →, Receptors ↓.
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Table B.11: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NH3. Emitters →, Receptors ↓.
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Table B.11 Cont.: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NH3. Emitters →, Receptors ↓.
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Table B.12: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of VOC. Emitters →, Receptors ↓.
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Table B.12 Cont.: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of VOC. Emitters →, Receptors ↓.
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Table B.13: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM, SOx, NOx, NH3 and VOC. Emitters →, Receptors ↓.
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Table B.13 Cont.: 2005 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM, SOx, NOx, NH3 and VOC. Emitters →, Receptors ↓.


