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Alf Grini, Trond Iversen, Øyvind Seland,

Valiyaveetil S. Semeena, Hilde Fagerli

EMEP/CCC: Wenche Aas and Anne-Gunn Hjellbrekke

EMEP/CEIP: Katarina Mareckova and Robert Wankmüller

NILU: Philipp Schneider, Sverre Solberg, Tove Svendby, Li Liu

CCE/RIVM: Maximilian Posch

CEH: Massimo Vieno, Stefan Reis

UW: Maciej Kryza, Malgorzata Werner, Kinga Walaszek

EMEP Status Report 2013; August 7, 2013

ISSN 1504-6109 (print)

ISSN 1504-6192 (on-line)



ii EMEP REPORT 1/2013



Executive Summary

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

presents the progress of activities within EMEP in 2012 and 2013 with respect to acidification,

eutrophication and ground level ozone. The status of transboundary depositions in Europe in

2011 is presented, and main differences compared to other years are discussed.

This report is accompanied by a series of other reports: i) Individual reports for each

country in EMEP presenting calculated trends (2000-2011+2020), source-receptor relation-

ships and comparison of model results and measurements in the actual country1 (only on

web); ii) supplementary, electronic format, source-receptor table data for all perturbation runs,

including PM components (only on web); iii) a report describing EMEP/MSC-W model per-

formance for acidifying and eutrophying components and photo-oxidants in 20112 (only on

web); iv) a report documenting progress with respect to particulate matter modelling and

measurements3; and v) a technical report documenting the performance of regional models

(including the EMEP MSC-W model) on different resolutions 4.

Air pollution in Europe in 2011

Air concentrations, depositions and exceedances have been calculated for the year 2011 with

the EMEP MSC-W model, based on the latest emission data submitted to CEIP (June 2013)

and on comprehensive meteorological data from the European Centre for Medium-range

Weather Forecasts. Large areas of the extended EMEP domain in 2011 remain at risk of

eutrophication and critical load exceedances. In terms of acidification, less areas are at risk,

although several regions of critical load exceedances have been identified. The inter-annual

variability of air concentrations and depositions is mainly driven by changes in emissions and

changes in meteorology. From 2010 to 2011, anthropogenic emissions of SOx in the extended

EMEP domain increased by 3.7%, although this is due to substantial increases in a small

number of countries only. Decreases in volcanic emissions (not considering the Grı́msvötn

eruption) led to a total increase in SOx emissions from 2010 to 2011 of 2.6%. In spite of this

1EMEP/MSC-W Data Note 1/13. Transboundary data by main pollutants (S, N, O3) and PM.
2Supplementary material to EMEP Status Report 1/13. EMEP/MSC-W model performance for acidifying

and eutrophying components and photo-oxidants in 2011. Joint MSC-W & CCC Report
3EMEP Status Report 4/13. Transboundary Particulate Matter in Europe. Joint CCC & MSC-W & CEIP &

CIAM Report
4EMEP/MSC-W Technical Report 1/13 Joint TFMM & MSC-W Report.
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increase, the total deposition of sulphur in the extended EMEP domain decreased by 5.5%,

which can be explained by (in this context) favourable meteorological conditions, such as the

dryer conditions in large areas, effectively reducing the amount of wet deposition within the

domain. NOx emissions were reduced by 4.2% from 2010 to 2011, while the deposition of

oxidized nitrogen, on average, decreased by as much as 9.3% during the same period, due to

similar reasons as in the case of sulphur deposition. In the case of reduced nitrogen, emis-

sions of NH3 increased by 2.9% while the deposition of reduced nitrogen decreased slightly,

by about 0.7%. As far as ozone is concerned, air quality indicators such as SOMO35 de-

creased on average, although this, too, was mainly a meteorological effect (e.g. due to the

cooler summer in Western Russia and many parts of Europe in 2011, as compared to 2010).

Nevertheless, the benefits of emission reductions in ozone precursors are shown in model cal-

culations to contribute to the improvement of air quality in many countries. In comparison to

the long-term average of 2000-2009, ozone levels during the summer of 2011 were fairly low,

and even lower than in 2010.

Evolution of the EMEP MSC-W model system

The EMEP MSC-W model is continuously updated in order to incorporate new science, to

improve structure or ease of use, and developed for different applications (e.g. forecasting,

global modelling, nested model runs). The most updated version is used for this year’s report,

and this version is also released as open source code via the EMEP web page in April 2013. It

appears that the quality of the model results is robust but that there also changes from year to

year due to the evolution in meteorological conditions and observational data coverage. The

performance of the model has been also compared through a trend run with earlier reported

verification results. The trend study with this historical perspective also reveals, for the first

time, that the model has clearly improved over time for most parameters investigated, and

for most years. A training course for EMEP MSC-W model understanding and usage5 was

organised at MSC-W in April 2013 with 30 participants from 9 countries. The course shall

be repeated in two years to support broader usage and joint development of this fundamental

EMEP tool, as well as scientific collaboration among the parties of the LRTAP convention.

A particular aspect of this year’s model progress is the coupling to boundary conditions from

different resolutions including usage of WRF meteorological input data. For better diagnostics

regarding aerosol loads, optical depth calculations have been added to the standard model.

Further work has been devoted to the foreseen modification of the EMEP grid. A trade-off has

to be made between the wish for as high resolution as possible and the computational costs. A

summarized argumentation, balancing between political needs, scientific needs and technical

feasibility, as of 2013 and preparing for the years to come, suggests a 0.1×0.1–degree grid for

reporting emissions and a slightly more flexible grid for application purposes.

Simulated and observed trends of air pollution from 1990-2011

Trends of eutrophying and nutrifying substances have been simulated with this report’s EMEP

MSC-W model version for 1990 and the period 2000–2011, using consistent meteorology

from one ECMWF cycle version. The model data have been compared to European mea-

surements at all sites contained in the EMEP/EBAS database for gases, aerosol components

5https://wiki.met.no/emep/page1/emepmscw_opensource#

training_course_presentations_24-26_april_2013

https://wiki.met.no/emep/page1/emepmscw_opensource#training_course_presentations_24-26_april_2013
https://wiki.met.no/emep/page1/emepmscw_opensource#training_course_presentations_24-26_april_2013
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and deposition, which consists in a considerable extension to the standard EMEP MSC-W

model verification with daily data. This extended trend evaluation is consistent with the re-

ported trend evaluation as discussed in chapter 3, indicating that the daily data verification

of the EMEP MSC-W model is robust. From 2000 to 2011 both SO2 concentrations and

sulphur deposition seem to decrease more in the EMEP MSC-W model simulation than in

the observations (modelled: SO2: -59% versus observed -33%; modelled S-deposition: -45%

versus obsvered -39%). For NO2 and total nitrate (HNO3+NO−

3 ) the model bias decreases

from +5% (NO2), respectively +20% (total nitrate) in 2000 to being absent in recent years

on annual average. Interestingly no significant trend in bias is found for deposition of oxi-

dised nitrogen. For the oxidised N parameters only deposition has decreased by -15% from

2000 to 2011, consistently in model and observations. Gaseous ammonia trends are currently

impossible to evaluate due to considerable network fluctuations and changes in measurement

quality. Reduced nitrogen in deposition has almost no significant trend in the same ten–year

period, while ammonium aerosol concentration seem to decline by ca. 10%. Seasonal bias in

deposition has been found for oxidised nitrogen, with too high model values in summer and

too low in winter, while reduced nitrogen deposition seems to be too low in summer in the

model.

A particular study was done to demonstrate the effect of changing emissions and meteo-

rology for deposition of nitrogen to the Baltic Sea, in support of the HELCOM convention.

Source-receptor matrices from previous reports are used for all years from 1995 to 2010.

Emissions from each year are multiplied with all source-receptor matrices, allowing to esti-

mate a median deposition trend. Variation of N-deposition to the Baltic due to meteorological

conditions can reach up to ±15%. The reductions of the oxidised nitrogen deposition is

relatively uniform among sub-basins and similar for the entire Baltic Sea basin, oscillating

around 20%. For reduced nitrogen depositions, the reductions vary more among sub-basins,

being significantly lower and of the order of 10%.

A particular comparison was carried out between SCIAMACHY NO2 satellite data and

the EMEP MSC-W model in order to test the data set’s respective capabilities for estimating

decadal trends in tropospheric NO2 column over Europe. The EMEP MSC-W model trend

map shows a much smaller number of grid cells with significantly increasing trends in eastern

Europe. On the other hand, the areas of significantly decreasing NO2 concentrations of around

-4 % per year in most parts of central and western Europe have a more homogeneous and

spatially contiguous structure in the EMEP-based trend map than in the SCIAMACHY trend

map.

Finally a proposition is made in this report on how to further investigate and make use

of observed and simulated trends, possibly in the framework of TFMM. Particular attention

needs to be put on consistent observational data selection in the two recent decades. Model

trends should be inspected with respect to such data selection. Inconsistency of instrumen-

tal records should be investigated for individual parameters, so that trends are not a result of

changes in measurement method, or quality. Model bias trends with time or persistent sea-

sonal bias over time should receive particular attention for a better understanding of trends

and thus air quality policy achievements.

Global and regional model calculations

Within the framework of TF HTAP MSC/W is planning to run an extensive set of global (and

partially regional) source receptor model runs later in 2013 as the HTAP emissions become
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available. In preparation several global and regional model test-runs have been made with

this report’s model version. The model runs have been made with 2010 emissions and with

meteorological input data for 2008 and 2009. Additional global model runs have been made

reducing the emissions in Europe, North America and China by 20%, demonstrating the ef-

fects of trans-continental pollution, focusing on surface ozone levels in Europe. Furthermore

nested model runs have been made with future global 2030 emissions, utilizing the three latest

European TSAP 2025 scenarios.

With lateral boundary concentrations nested from the global model calculations, regional

model calculations have been made with present (2010) and the TSAP scenarios for future

(2025) emissions. With present emissions CO and PM2.5 levels have been compared to mea-

surements, demonstrating our modelling capability of attributing air pollution in Europe to

sources outside the European continent. Compared to model calculations with present emis-

sion, the future emission scenarios result in marked improvements in European air quality.

For boundary layer ozone the improvements are partially brought about by a decrease in fu-

ture lateral boundary concentrations from the global model calculations as a result of future

global emissions changes.

Interaction of short-lived climate forcers (SLCF) with air quality

Further work at MSC-W has been devoted to contribute to research on how the climate will

change over the next decades, how air quality will be affected by the future climate change,

and what measures are effective to mitigate air pollution and climate change? Emission es-

timates for the period from year 1850 to 2000 indicate that anthropogenic emissions of CO,

NOx, VOCs, and SO2 have increased 10-fold or more, BC and NH3 by a factor of 5, and OC by

a factor of 2-3 (Lamarque et al., 2010). Although O3 and aerosols exert a considerable radia-

tive forcing on top of the atmosphere (RF), the largest anthropogenic impact on RF is still due

to long-lived and well-mixed GHGs (CO2, CH4, and N2O). For the period 1850-2000, Shin-

dell et al. (2013) estimate a RF of +2.3 ±0.2Wm2 for well-mixed GHGs and +0.43±0.20Wm2

for O3, and an effective RF (including their indirect effects through clouds) of -1.2±0.5Wm2

for aerosols. Global aerosol RF peaks in magnitude around year 1980 in most models. Pub-

lished estimates of the aerosol forcing vary greatly, depending on what aerosol processes and

components are accounted for, depending on the assumed pre-industrial and present-day ref-

erence year, etc. The uncertainty of RF and the climate impacts of the highly light absorbing

Black Carbon aerosol (BC) is particularly large, firstly because there are huge uncertainties

in the emissions of BC. Its atmospheric residence times and concentrations - especially as

function of height, which is particularly important for the radiative effects - are also strongly

dependent on the complex and not well understood interactions of BC with other aerosols and

clouds. Results from 15 climate models submitted to CMIP5 and IPCC AR5 indicate that

the global surface temperature will continue to increase towards year 2100, to in average ca.

2-5◦C above the level of 1850, depending on the choice of scenario for emission of SLCF and

GHG. Estimated warming over land areas is even higher. The equilibrium climate sensitivity

(the temperature response to a sudden CO2 doubling) of the Norwegian Earth System Model,

NorESM, is in the lower range of the CMIP5 models. It therefore predicts a slightly weaker

warming than the CMIP5 model average. The trend in the global historical temperature record

is well captured in NorESM. This work enables further joint studies between EMEP and cli-

mate modelling to explore consequences of future emissions scenarios both for climate and

air quality evolution.
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CHAPTER 1

Introduction

1.1 Purpose and structure of this report

The mandate of the European Monitoring and Evaluation Programme (EMEP) is to provide

sound scientific support to the Convention on Long-range Transboundary Air Pollution (LR-

TAP), particularly in the areas of atmospheric monitoring and modelling, emission invento-

ries, emission projections, and integrated assessment. Each year EMEP provides information

on transboundary pollution fluxes inside the EMEP area, relying on information on emission

sources and monitoring results provided by the Parties to the LRTAP Convention.

The purpose of the annual EMEP status reports is to provide an overview of the status

of transboundary air pollution in Europe, tracing progress towards existing emission control

Protocols and supporting the design of new protocols, when necessary. An additional purpose

of these reports is to identify problem areas, new aspects and findings that are relevant to the

Convention.

The present report is divided into four parts. Part I presents the status of transboundary

air pollution with respect to acidification, eutrophication and ground level ozone in Europe in

2011. Part II summarizes recent development of the EMEP model system, while Part III deals

with ongoing research work of relevance to the EMEP programme. Appendices A-C in Part

IV contain basic information on 2011 emissions and emission trends in form of tables, and

country-to-country source-receptor matrices with calculations of the transboundary contribu-

tions to pollution in different countries for 2011. Appendix D describes the country reports

which are issued as a supplement to the EMEP status reports. Appendix E summarizes the

changes of model performance between the current model version (rv4.4) and earlier model

versions. Appendix F introduces the model evaluation report for 2011 (Gauss et al. 2013)

which is available online and contains time-series plots of acidifying and eutrophying compo-

nents (Nyı́ri et al. 2013), and ozone and NO2 (Gauss and Hjellbrekke 2013). These plots are

provided for all stations reporting to EMEP (with just a few exclusions due to data-capture or

technical problems). This online information is complemented by numerical fields and other

information on the EMEP website. The reader is encouraged to visit the website, http://

www.emep.int, to access this additional information.

1
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2 EMEP REPORT 1/2013

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. Emission data, in particular

in some of the Appendixes, is given in Gg (SO2) and Gg (NO2) in order to keep consistency

with reported values.

For ozone, the basic units used throughout this report are ppb (1 ppb = 1 part per billion

by volume) or ppm (1 ppm = 1000 ppb). At 20◦C and 1013 mb pressure, 1 ppb ozone is

equivalent to 2.00 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 concentration for

each day, then we take either 6-monthly (1 April - 30 September) or annual averages of

these values.

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

ment recommended by WHO. It is defined as the yearly sum of the daily maximum of

8-hour running average over 35 ppb. For each day the maximum of the running 8-hours

average for O3 is selected and the values over 35 ppb are summed over the whole year.

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

ensuring that only Ad
8 values exceeding 35 ppb are included. The corresponding unit is

ppb.days.

PODY - Phyto-toxic ozone dose, is the accumulated stomatal ozone flux over a threshold Y,

i.e.:

PODY =

∫

max(Fst − Y, 0) dt (1.1)

where stomatal flux Fst, and threshold, Y , are in nmol m−2 s−1. This integral is evalu-

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

For the generic crop and forest species, the suffix gen can be applied, e.g. PODY,gen

(or AFst1.6gen) is used for forests. POD was introduced in 2009 as an easier and more

descriptive term for the accumulated ozone flux. The definitions of AFst and POD

are identical however, and are discussed further in Mills and Simpson (2010). See also

Mills et al. (2011a) and Mills et al. (2011b).

AOT40 - is 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
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concerned. The corresponding unit are ppb.hours (abbreviated to ppb.h). The usage

and definitions of AOT40 have changed over the years though, and also differ between

UNECE and the EU. LRTAP (2009) give the latest definitions for UNECE work, and

describes carefully how AOT40 values are best estimated for local conditions (using

information on real growing seasons for example), and specific types of vegetation.

Further, since O3 concentrations can have strong vertical gradients, it is important to

specify the height of the O3 concentrations used. In previous EMEP work we have

made use of modelled O3 from 1 m or 3 m height, the former being assumed close to

the top of the vegetation, and the latter being closer to the height of O3 observations.

In the Mapping Manual (LRTAP 2009) there is an increased emphasis on estimating

AOT40 using ozone levels at the top of the vegetation canopy.

Although the EMEP/MSC-W model now generates a number of AOT-related outputs,

in accordance with the recommendations of LRTAP (2009) we will concentrate in this

report on two definitions:

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

canopy). This AOT40 is that defined for forests by LRTAP (2009), but using a

default growing season of April-September.

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 LRTAP

(2009), but using a default growing season of May-July, and a default crop-height

of 1 m.

In all cases only daylight hours are included, and for practical reasons we define daylight

for the model outputs as the time when the solar zenith angle is equal to or less than 89◦.

(The proper UNECE definition uses clear-sky global radiation exceeding 50 W m−2

to define daylight, whereas the EU AOT definitions use day hours from 08:00-20:00.

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 considered

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

cultural crops and natural vegetation, and 5 000 ppb.h for forests (LRTAP 2009). Note

that recent UNECE workshops have recommended that AOT40 concepts are replaced

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

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

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

for different components to PM:

SIA - secondary inorganic aerosols, defined as the sum of sulphate (SO2−

4 ), nitrate (NO−

3 ) and

ammonium (NH+

4 ). In the EMEP/MSC-W model SIA is calculated as the sum: SIA=

SO2−

4 + NO−

3 (fine) + NO−

3 (coarse) + NH+

4 .

SS - sea salt.

PPM denotes primary particulate matter, originating directly from anthropogenic emissions.

One usually distinguishes between fine primary particulate matter, PPM2.5, with dry

aerosol diameters below 2.5 µm and coarse primary particulate matter, PPMcoarse with

dry aerosol diameters between 2.5 µm and 10 µm.
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PM2.5 denotes fine particulate matter, defined as the integrated mass of aerosol with dry di-

ameters up to 2.5 µm. In the EMEP/MSC-W model PM2.5 is calculated as PM2.5 =

SO2−

4 + NO−

3 (fine) + NH+

4 + SS(fine) + PPM2.5 + 0.27 NO−

3 (coarse).

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

diameters between 2.5µm and 10µm. In the EMEP/MSC-W model PMcoarse is calcu-

lated as PMcoarse = 0.33 NO−

3 (coarse)+ SS(coarse) + PPMcoarse.

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

up to 10 µm. In the EMEP/MSC-W model PM10 is calculated as PM10 = PM2.5+PMcoarse.

In addition to bias, correlation and root mean square the statistical parameter, index of agree-

ment, are used to judge the model’s agreement with measurements:

IOA - The index of agreement (IOA) is defined as follows (Elbir 2003, Willmott 1982):

IOA = 1−

∑N

i=1
(mi − oi)

2

∑N

i=1
(|mi − ō|+ |oi − ō|)2

(1.2)

where o is the average observed value. Similarly to correlation, IOA can be used to

assess agreement either spatially or temporally. When IOA is used in a spatial sense, N

denotes the number of stations with measurements at one specific point in time, and mi

and oi are the modelled and observed values at station i. For temporal IOA, N denotes

the number of time steps with measurements, while mi and oi are the modelled and

observed value at time step i. IOA varies between 0 and 1. A value of 1 corresponds to

perfect agreement between model and observations, and 0 is the theoretical minimum.

1.3 The EMEP extended domain

The EMEP domain defines the area where information on long-range transboundary air pol-

lution is available from the EMEP centres. The information available concerns emissions,

observations and modelling results. In 2007, the Steering Body adopted an extension of the

official EMEP domain to facilitate the inclusion of countries in Eastern Europe, Caucasus and

Central Asia (EECCA) in the EMEP calculations (ref. ECE/EB.AIR/GE.1/2007/9). Thus, in

2008, the official 50×50 km2 polar stereographic EMEP grid was extended from 132×111 to

132×159 grid cells, following Stage 1 in ECE/EB.AIR/GE.1/2007/9. In geographical projec-

tion this led to an eastward extension. The extended EMEP domain is presented in Figure 1.1.

One of the drawbacks of the current extended EMEP domain is that it only partly covers

the Russian Federation. It is also recognized that results on air pollution in central Asian

countries are highly dependent on sources outside the calculation domain. Countries in Cen-

tral Asia are contiguous with other Asian countries, like China, India, Pakistan and Iran, that

significantly affect pollution levels over the EECCA territories but are not included directly in

the calculations. Consequently, the current EMEP modelling capacity for EECCA countries

and the related grid domain is only an interim solution.

At the 36th session of the EMEP Steering Body the EMEP Centres suggested to change

the spatial resolution and projection of reported emissions from the 50×50 km2 polar stereo-

graphic EMEP grid to 0.1◦ × 0.1◦ longitude-latitude grid in a geographic coordinate system
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(a) (b)

Figure 1.1: Overview of the country/area codes in the extended EMEP domain. Panel (a) shows the

previously defined areas in the official EMEP grid (‘RU’, ‘KZ’, ‘ASI’) together with the new areas

in the grid extension (‘RUX’, ‘RFE’, ‘KZE’, ‘UZE’, ‘TME’, ‘TJ’, ‘KG’, ‘ASE’). Panel (b) shows the

countries/areas with their codes in the extended EMEP grid (‘RUE’, ‘KZT’, ‘UZ’, ‘TM’, ‘TJ’, ‘KG’,

‘AST’).

(WGS84). The new EMEP domain will cover the geographic area between 30◦N-82◦N lati-

tude and 30◦W-90◦E longitude. This suggestion represents a balance between political needs,

scientific needs and technical feasibility as of 2012 and for the next years. Countries are

invited to report in the new system as soon as possible (on voluntary basis), but latest in 2017.

The extension of the official EMEP domain made it necessary to introduce new codes for

the new countries and areas now included in the extended EMEP domain. The new country

codes and their rationale are explained below.

Kyrgyzstan and Tajikistan were not included in the official EMEP domain in any part.

These two countries are now included with their full area inside the extended EMEP domain.

For these two countries, following UNECE nomenclature, ISO2 country codes are used. The

codes are ‘KG’ for Kyrgyzstan and ‘TJ’ for Tajikistan.

In the case of the Russian Federation and Kazakhstan, their respective ISO2 codes, ‘RU’

and ‘KZ’, previously referred to the parts of their territories inside the official EMEP domain.

To keep new model results consistent and comparable with the previous ones, we have kept

these ISO2 country codes and use them to define the same areas as before in the official EMEP

domain. Additional codes are used to identify parts of these countries’ territories outside the

official EMEP grid.

For Kazakhstan, the area of the country in the extension of the EMEP domain is denoted

by ‘KZE’, as shown in Figure 1.1 (a). The total territory of Kazakhstan in the extended

EMEP domain is then the sum of ‘KZ’ and ‘KZE’, and is denoted as ‘KZT’ in this report (see

Figure 1.1 (b)).

For the Russian Federation, the territory in the extension of the domain is divided into
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two parts, ‘RUX’ and ‘RFE’, as shown in Figure 1.1 (a). The reason for this division is that

the area called ‘RUX’ (‘EMEP external part of Russian Federation’) has been used in the

modelling domain previously, although it was not included in the official EMEP domain. The

combined territory of the Russian Federation inside the extended EMEP domain is denoted by

‘RUE’, which stands for ’Russian Federation in the extended EMEP domain’ and is presented

in Figure 1.1 (b).

Until 2008 Turkmenistan and Uzbekistan were not included in the official EMEP domain

as individual countries. However, parts of their territories were inside the official EMEP

domain and included in the region called ‘Remaining Asian Areas’, denoted by country code

‘ASI’. As indicated in Figure 1.1 (a), ‘ASI’ also includes Syria, Lebanon, Israel, parts of Iran,

Iraq and Jordan. In the extended EMEP domain, the ‘ASI’ area has been redefined, and the

areas of Turkmenistan and Uzbekistan inside the old ‘ASI’ have been extracted.

The territories of Turkmenistan and Uzbekistan in the domain extension are denoted by

‘TME’ and ‘UZE’, respectively, as in Figure 1.1 (a). The whole territories of Turkmenistan

and Uzbekistan in the extended EMEP domain are the sum of the ‘extended’ and ‘official’

parts of the countries, namely the sum of ‘TME’ and ‘TMO’, and ‘UZE’ and ‘UZO’. The

respective ISO2 codes are ‘TM’ for Turkmenistan and ‘UZ’ for Uzbekistan.

The region code ‘ASE’ in Figure 1.1 (a) denotes Asian countries in the extension of the

EMEP domain and includes parts of Afghanistan, India, Pakistan, China and Mongolia. The

‘ASE’ area together with those parts of ‘ASI’ which are left after the exclusion of the Turk-

menistan and Uzbekistan territories forms ‘AST’ in Figure 1.1 (b) referring to all Asian areas

in the extended EMEP domain.

1.4 Country Codes

Many tables and graphs in this report make use of codes to denote countries and regions in the

EMEP area. Results are presented for both the official and the extended EMEP domains. All

through the report an effort is made to distinguish results from these two different domains.

Table 1.1 provides an overview of these codes and lists the countries and regions included,

with explicit mention whether the code refers to the official or the extended EMEP domain.

All 51 Parties to the LRTAP Convention, except four, are included in the analysis pre-

sented in this report. The Parties that are excluded of the analysis are: Canada and the United

States of America, Monaco and Liechtenstein. Canada and USA are excluded because they lie

outside the EMEP domains, both the official and the extended domains. Monaco and Liecht-

enstein are excluded because their emissions and geographical extents are below the accuracy

of the present source-receptor calculations in 50×50km2.

Malta is introduced as a receptor country. However, the estimated emissions from Malta

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

study of Malta as an emitter country.

1.5 Other Publications

This report is complemented by EMEP Status Report 4/2013 on Transboundary Particulate

Matter in Europe (EMEP CCC & MSC-W 2013) and by the country specific reports on the

2011 status of transboundary acidification, eutrophication, ground level ozone and PM (see
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Code Country/Region Code Country/Region

AL Albania IE Ireland

AM Armenia IS Iceland

ASI Remaining Asian areas (official) IT Italy

AST Remaining Asian areas (extended) KG Kyrgyzstan

AT Austria KZ Kazakhstan (official)

ATL Remaining N.-E. Atlantic Ocean KZT Kazakhstan (extended)

AZ Azerbaijan LT Lithuania

BA Bosnia and Herzegovina LU Luxembourg

BAS Baltic Sea LV Latvia

BLS Black Sea MD Republic of Moldova

BE Belgium ME Montenegro

BG Bulgaria MED Mediterranean Sea

BIC Boundary and Initial Conditions MK The FYR of Macedonia

BY Belarus MT Malta

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 (official) RO Romania

EXC EMEP land areas (extended) RS Serbia

ES Spain RU Russian Federation (official)

EU European Union (EU27) RUE Russian Federation (extended)

FI Finland SE Sweden

FR France SI Slovenia

GB United Kingdom SK Slovakia

GE Georgia TJ Tajikistan

GL Greenland TM Turkmenistan

GR Greece TR Turkey

HR Croatia UA Ukraine

HU Hungary UZ Uzbekistan

Table 1.1: Country/region codes used throughout this report:‘official’ refers to the area of the coun-

try/region which is inside the official EMEP grid domain, while ‘extended’ refers to the area of the

country/region inside the extended EMEP grid domain.

Apendix D). Both English and Russian versions of the country reports are available to the

twelve EECCA countries.

As noted above, time series plots of acidifying and eutrophying components (Nyı́ri et al.

2013), and ozone and NO2 (Gauss and Hjellbrekke 2013) have been made available online, at

www.emep.int along with much other material.

A list of all associated technical reports and notes by the EMEP centres in 2013 follows at

the end of this section.

www.emep.int
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Gudmundsson, M. T., Thordarson, T., Höskuldsson, A., Larsen, G., Björnsson, H., Prata, F. J., Odd-
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tions of near-surface ozone in Siberia, Tellus B, 64, 11607, doi:10.3402/tellusb.v64i0.11607, 2012.

Struthers, H., Ekman, A. M. L., Glantz, P., Iversen, T., Kirkevåg, A., Seland, Ø., Mårtensson, E. M.,
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R., Yan, N., Dufresne, J.-L.: Aerosol and Ozone changes as forcing for Climate Evolution between

1850 and 2100, Climate Dynamics, 40 (9-10), 2223-2250, 2012.

Tjiputra, J. F., Roelandt, C., Bentsen, M., Lawrence, D. M., Lorentzen, T., Schwinger, J., Seland, Ø.,

Heinze, C.: Evaluation of the carbon cycle components in the Norwegian Earth System Model

(NorESM), Geosci. Model Dev. , 6, 301-325. GMD - Special Issue, 2013.

Toledano, C., Cachorro, V., Gausa, M., Stebel, K., Aaltonen, V., Berjón, A., Ortiz de Galisteo, J.P.,

de Frutos, A.M., Bennouna, Y., Blindheim, S, Myhre, C.L., Zibordi, G., Wehrli, C., Kratzer, S.,

Hakansson, B., Carlund, T., de Leeuw, G., Herber, A., Torres, B.: Overview of sun photometer

measurements of aerosol properties in Scandinavia and Svalbard, Atmos. Environ., 52, 18-28.

doi:10.1016/j.atmosenv.2011.10.022, 2012.

Tørseth, K., Aas, W., Breivik, K., Fjæraa, A. M., Fiebig, M., Hjellbrekke, A. G., Lund Myhre, C.,

Solberg, S., Yttri, K. E.: Introduction to the European Monitoring and Evaluation Programme

(EMEP) and observed atmospheric composition change during 1972-2009, Atmos. Chem. Phys.,

12, 5447-5481. doi:10.5194/acp-12-5447-2012, 2012.

Ubl, S., Scheringer, M., Stohl, A., Burkhart, J. F., Hungerbuhler, K.: Primary source regions of poly-

chlorinated biphenyls (PCBs) measured in the Arctic, Atmos. Environ., 62, 391-399,

doi:10.1016/j.atmosenv.2012.07.061, 2012.

Wiedensohler, A., Birmili, W., Nowak, A., Sonntag, A., Weinhold, K., Merkel, M., Wehner, B., Tuch,

T., Pfeifer, S., Fiebig, M., Fjæraa, A. M., Asmi, E., Sellegri, K., Depuy, R., Venzac, H., Villani,

P., Laj, P., Aalto, P., Ogren, J. A., Swietlicki, E., Williams, P., Roldin, P., Quincey, P., Hüglin,

C., Fierz-Schmidhauser, R., Gysel, M., Weingartner, E., Riccobono, F., Santos, S., Grüning, C.,
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S., Moerman, M., Henzing, B., de Leeuw, G., Löschau, G., Bastian, S.: Mobility particle size

spectrometers: harmonization of technical standards and data structure to facilitate high quality

long-term observations of atmospheric particle number size distributions. Atmos. Meas. Tech., 5,

657-685, doi:10.5194/amt-5-657-2012, 2012.

Worton, D. R., Sturges, W. T., Reeves, C. E., Newland, M. J., Penkett, S. A., Atlas, E., Stroud, V.,

Johnson, K., Schmidbauer, N., Solberg, S., Schwander, J., Barnola, J.-M.: Evidence from firn air

for recent decreases in non-methane hydrocarbons and a 20th century increase in nitrogen oxides

in the northern hemisphere. Atmos. Environ., 54, 592-602, doi:10.1016/j.atmosenv.2012.02.084,

2012.

http://dx.doi.org/10.1098/rstb.2013.0166
http://dx.doi.org/10.1016/j.atmosenv.2011.10.022
http://dx.doi.org/10.5194/acp-12-5447-2012
http://dx.doi.org/10.1016/\discretionary {-}{}{}j.atmosenv.2012.07.061
http://dx.doi.org/10.5194/amt-5-657-2012
http://dx.doi.org/10.1016/j.atmosenv.2012.02.084


CHAPTER 1. INTRODUCTION 13

Associated EMEP reports and notes in 2013

Joint reports

Transboundary acidification, eutrophication and ground level ozone in Europe in 2011. Joint MSC-W

& CCC & CEIP Report. EMEP Status Report 1/2013.

Ilyin, I., Rozovskaya, O., Travnikov, O., Varygina, M., Aas, W., Uggerud, H.T. Heavy Metal Trans-

boundary Pollution of the Environment. EMEP Status Report 2/2013.

Gusev, A., Rozovskaya, O., Shatalov, V., Sokovykh, V., Vulykh, N., Aas, W., Breivik, K., Katsogiannis,

A. A. Persistent Organic Pollutants in the Environment. EMEP Status Report 3/2013.

Transboundary Particulate Matter in Europe. Joint CCC & MSC-W & CEIP & CIAM Report. EMEP

Status Report 4/2013.

ScaleDep: Performance of European chemistry-transport models as function of horizontal spatial res-

olution. Joint TFMM & MSC-W Report. EMEP Technical Report 1/2013.

CCC Technical and Data reports

Cavalli, F., Putaud, J-P., Yttri, K.E. Availability and quality of the EC and OC measurements within

EMEP, including results of the fourth interlaboratory comparison of analytical methods for car-

bonaceous particulate matter within EMEP (2011). EMEP/CCC-Report 1/2013.

Hjellbrekke, A.-G., Fjæraa, A. M. Data report 2011. Acidifying and eutrophying compounds and

particulate matter. EMEP/CCC-Report 2/2013.

Hjellbrekke, A.-G., Solberg, S., Fjæraa, A. M. Ozone measurements 2011. EMEP/CCC-Report 3/2013.

Aas, W., Breivik, K. Heavy metals and POP measurements 2011. EMEP/CCC-Report 4/2013.

Solberg, S. VOC measurements 2011. EMEP/CCC-Report 5/2013.

CEIP Technical and Data reports

Mareckova, K., Wankmüller, R., Moosman, L., Pinterits, M. Inventory Review 2013; Review of emis-

sion data reported under the LRTAP Convention and NEC Directive, Stage 1 and 2 review and

review of gridded data. EEA/CEIP Technical report (Vienna, August 2013)

MSC-E Technical and Data reports

Shatalov, V., Ilyin, I., Gusev, A., Rozovskaya, O., Sokovykh, V., Travnikov, O. Heavy Metals and Per-

sistent Organic Pollutants: Model Assessment of Pollution and Research Activities. EMEP/MSC-E

Technical report 1/2013.

MSC-W Technical and Data reports
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CHAPTER 2

Status of transboundary pollution in 2011

Michael Gauss, Anna Benedictow, Anne -Gunn Hjellbrekke, Katarina Mareckova, Ágnes

Nyı́ri and Robert Wankmüller

This chapter describes the status of transboundary pollution in 2011. It starts by reviewing

the main input data to the EMEP MSC-W air quality model, i.e. the meteorological conditions

and pollutant emissions in the EMEP domain in 2011. Thereafter, the status of air pollution

and exceedances in 2011, as well as changes with respect to previous years, will be presented

in maps covering the EMEP domain.

2.1 Meteorological data for 2011

Since 2008 the meteorological data to drive the EMEP MSC-W air quality model have been

generated by the Integrated Forecast System model (IFS) of the European Centre for Medium-

Range Weather forecasts (ECMWF), hereafter referred to as ECMWF-IFS model. In the me-

teorological community the ECMWF-IFS model is considered as state-of-the-art, and MSC-

W has been using this model in hindcast mode to generate accurate meteorological reanalyses

for the year to be studied.

The meteorological fields used for 2011 are based on ECMWF-IFS model cycle 36r1,

initialised by ECMWF Interim Reanalysis (ERA) data. The meteorological fields have been

interpolated from longitude latitude coordinates with a resolution of 0.22◦×0.22◦ to the polar-

stereographic 50×50 km2 grid of EMEP. This section describes the meteorological data for

2011 and discusses their main features in comparison to previous years.

2.1.1 2011 compared to 2010

When investigating the causes of changes in air pollution from year to year it is important

not only to look at increases or reductions in emissions but also at changes in meteorology.

Meteorological conditions have a significant effect on air concentrations and depositions of

17
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pollutants, controlling their transport, diffusion and dry and wet removal. Figure 2.1 shows

annual-mean differences in surface temperature and precipitation from 2010 to 2011. The

warmer winter in Europe in the beginning and at the end of 2011 (except for Northeastern

Europe) explains most of the positive temperature change revealed in the figure (left panel).

The lower temperatures in the Southeastern part of the model domain, including southern re-

gions of the Russian Federation are partly explained by the absence of a heatwave comparable

to the one experienced in 2010. Although also western and central Europe had a relatively

cool summer in 2011, this negative contribution to the annual mean was overcompensated by

abnormally warm spring and autumn seasons in these regions. The dry spring and autumn in

central, eastern and southeastern Europe, but wet conditions in northwestern Europe explain

the changes seen in annual precipitation from 2010 to 2011 over Europe (right panel). The

relatively high precipitation over western Russia and Caucasus, compared to the dry summer

conditions of 2010, is also visible.

(a) ∆T2m [2011–2010] (b) ∆precipitation [2011–2010]

Figure 2.1: Meteorological change from 2010 to 2011. Left: Annual mean temperature at 2m [K],

right: Annual precipitation [mm].

2.1.2 2011 compared to the 2000–2009 average

When investigating particularities of the year 2011 in general it is illustrative to compare it

to a multi-annual average. In order to present a consistent picture, we use data generated in

the same way as the data used for 2010 and 2011 EMEP MSC-W simulations, i.e. derived

from the same version of the ECMWF-IFS model and using the same model setup (model

resolution, initial conditions, etc.). The longest period of consistent meteorological input data

at our disposal for this comparison is the 2000-2009 period (2000s). Figure 2.2 shows the

difference between 2011 and the climatological average of the 2000s. Figure 2.3 shows these

differences for the summer months only. On annual average, 2011 was rather warm and dry

in France, Germany, large parts of Spain, Switzerland, and the southern part of the United

Kingdom. As this feature is not seen during the summer months, it must be mainly explained

by the relatively mild and dry spring, autumn and winter of 2011. Another striking feature in
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the annual mean is the relatively high temperature over Siberia, the relatively low temperature

over Central Asia, and the relatively dry conditions over Southeast Europe.

When looking at summer conditions only, the western part of Russia had a rather hot and

dry summer (though not as hot and dry as in 2010), while most parts of Central Russia and

Western Europe had a cooler and wetter summer compared to the 2000s average.

(a) ∆T2m [2011–2000s] (b) ∆precipitation [2011–2000s]

Figure 2.2: Meteorological conditions in 2011 compared to the 2000-2009 average. Left: Annual mean

temperature at 2m [K], right: Annual precipitation [mm].

(a) ∆T2m [JJA 2011–JJA 2000s] (b) ∆precipitation [JJA 2011–JJA 2000s]

Figure 2.3: Same as Figure 2.2, but only for summer (June, July, August).
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2.2 Emission data for 2011

In addition to meteorological variability, changes in the emissions affect the interannual vari-

ability of air pollution, deposition and and transboundary transport. The main changes in

emissions in 2011 with respect to previous years are documented in the following sections.

2.2.1 Emission reporting under the LRTAP Convention in 2013

Parties to the LRTAP Convention submit air pollution emission data (SOx, NOx, NH3, CO,

NMVOCs, HMs, POPs and PM) annually to the EMEP Centre on Emission Inventories

and Projections (CEIP) and notify the LRTAP Convention Secretariat thereof. Parties are

requested to report emission inventory data using standard formats in accordance with the

EMEP Reporting guidelines (UNECE 2009). The deadline for the submission of 2013 data

was 15 February 2013.

This section refers to the most recent emissions and projections reported under the LR-

TAP Convention and emissions as used in the EMEP models. The original submissions by the

Parties can be accessed via the CEIP homepage at http://www.ceip.at/status-of-

reporting/2013-submissions/. Emissions used in EMEP models can be accessed at

http://www.ceip.at/webdab-emission-database/emissions-as-used-

in-emep-models/.

Reporting of emission inventories in 2013

Completeness and consistency of submitted inventories have improved significantly over the

last 10 years but there are still areas for improvement. In 2013, 45 (88%) of the 51 Parties

to the Convention submitted inventories. Of the 45 submissions, 34 Parties reported emission

data by the due date (15 February 2013) as shown in Figure 2.4. Six Parties (Albania, Azer-

baijan, Bosnia and Herzegovina, Kazakhstan, Montenegro and the Russian Federation) did

not submit any data in 2013.

Figure 2.4: Number of Parties reporting emission data to EMEP since 2002 (as of 31 May 2013).

All 45 Parties submitted data on the main pollutants, but only 40 Parties provided data

on PM emissions. Armenia submitted an inventory which is not consistent with the standard

formats. All submitted inventories have been checked, and details on the completeness and

consistency of submitted data can be found in Mareckova et al. (2013).

http://www.ceip.at/status-of-reporting/2013-submissions/
http://www.ceip.at/status-of-reporting/2013-submissions/
http://www.ceip.at/webdab-emission-database/emissions-as-used-in-emep-models/
http://www.ceip.at/webdab-emission-database/emissions-as-used-in-emep-models/
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Reporting of gridded emissions in 2013

Gridded data form part of the five year reporting obligation and was not due for reporting in

2013. Nevertheless, gridded emissions of main pollutants and PM for 2011 were submitted by

Cyprus, Finland and Spain. The United Kingdom submitted gridded data for 2010, calculated

on the resolution of the new EMEP grid (0.1◦x0.1◦ long-lat), on a voluntary basis. Spain

submitted gridded emissions for the whole timeline from 1990 to 2011. All gridded sectoral

data was submitted in GNFR sectors.

In total, only 23 of the 48 countries which are considered to be part of the extended EMEP

area reported sectoral gridded emissions for the main pollutants and PM for the year 2010,

and 22 countries for the year 2005. Twenty countries reported sectoral gridded data on the

main pollutants and only 19 countries on PM for the year 2000.

19 countries (out of 48) did not report gridded sectoral data, neither for 2000 nor for

2005 and 2010 (Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Georgia, Greece,

Kazakhstan, Kyrgyzstan, Liechtenstein, Luxembourg, TFY Republic of Macedonia, Malta,

Republic of Moldova, Monaco, Montenegro, Romania, Serbia, Slovakia and Turkey). Italy,

Iceland and the Russian Federation did not provide gridded sectoral data for 2005. Hungary,

Lithuania, Belarus and Ukraine did not provide gridded sectoral emissions for 2000.

An overview of the reporting of gridded emissions is shown in Figure 2.5).

Figure 2.5: Number of Parties reporting gridded sectoral data to EMEP (as of 31 May 2013). Left:

Main pollutants (SOx, NOx, NH3, NMVOC, CO), Right: Particulate matter (PM2.5,PM10).

2.2.2 Uncertainty of reported data

It is very difficult to quantify the uncertainty of reported emissions, as countries in general do

not provide such information. Variations observed in the 2005 emissions reported in subse-

quent years (2007-2013) are therefore regarded as a potential indicator of uncertainty. Fig-

ures 2.6–2.12) illustrate the variations observed in the individual countries’ reported 2005

emissions, with 0% corresponding to 2005 emissions being the same as reported in 2013.

Negative values indicate that 2005 emission levels reported in 2013 are higher than the values

reported in previous years.

Significant fluctuations are visible in NMVOC, CO and PM 2005 emissions. A decrease of

about 40% in 2005 emissions reported between 2007 and 2013 was observed rather frequently

in the case of NMVOC and CO.
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Figure 2.6: Variations in NOx 2005 emissions reported between 2007 and 2013 (negative values indi-

cate that emissions were lower in comparison to the value reported in 2013).

Figure 2.7: Variations in NMVOC 2005 emissions reported between 2007 and 2013 (negative values

indicate that emissions were lower in comparison to the value reported in 2013).

Figure 2.8: Variations in SOx 2005 emissions reported between 2007 and 2013 (negative values indi-

cate that emissions were lower in comparison to the value reported in 2013).
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Figure 2.9: Variations in NH3 2005 emissions reported between 2007 and 2013 (negative values indi-

cate that emissions were lower in comparison to the value reported in 2013).

Figure 2.10: Variations in CO 2005 emissions reported between 2007 and 2013 (negative values indi-

cate that emissions were lower in comparison to the value reported in 2013).

Figure 2.11: Variations in PM10 2005 emissions reported between 2007 and 2013 (negative values

indicate that emissions were lower in comparison to the value reported in 2013).
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Figure 2.12: Variations in PM2.5 2005 emissions reported between 2007 and 2013 (negative values

indicate that emissions were lower in comparison to the value reported in 2013).

Variations in SOx and NOx emissions are less frequent and mostly do not exceed ± 20%,

although we also have a few extreme recalculations here. In addition, there are some countries

(e.g. Belgium, Bulgaria, Malta, Monaco, Liechtenstein, Poland and Portugal) which reported

2005 emissions in 2007 that were more than twice as high as in 2012 or 2013, respectively.

An increase in 2005 emissions might indicate an improved completeness of the data, par-

ticularly on PM emissions, but to be able to prove this additional analysis would be needed.

The observed fluctuations in 2005 data during the last six years seem to indicate a rela-

tively high level of uncertainty in PM and NMVOC and partly also CO and NH3 emissions.

2.2.3 Emission Trends

The emission trends of air pollutants (NOx, NMVOC, SOx, NH3, CO and PM) presented

in Figure 2.13 and in Appendix B indicate that total emissions of all reported pollutants de-

creased in the EMEP area since 1990. These trends are partly based on reported data and

partly on expert estimates. However, the situation in individual countries is different, as illus-

trated in Figures 2.14–2.16. In 11 countries emissions of at least one pollutant have increased

during this period. Monaco reports almost constant data for the entire time series.

Overview tables with reported emission trends for individual countries have been pub-

lished on the CEIP website at http://www.ceip.at/status-of-reporting/2013-

submissions, while detailed information on the sectoral level can be accessed in WebDab

(http://www.ceip.at/webdab-emission-database/).

The uncertainty of individual country data, particularly for PM trends, might be quite

significant, while a number of countries do not update historical data.

Thirty-tree Parties1 to the Convention defined 2010 targets for NOx, NMVOC, SOx and

NH3 in the Gothenburg Protocol (GP). These targets should not be exceeded in subsequent

years either. However, Figures 2.14 and 2.15 indicate that a number of countries were not

1Parties with 2010 GP targets: Armenia, Austria, Belgium, Bulgaria, Belarus, Croatia, Cyprus, Czech Repub-

lic, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Liechtenstein, Lithuania, Luxembourg,

Latvia, Republic of Moldova, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Swe-

den, Switzerland, United Kingdom and Ukraine. Of these, Armenia, Austria, Belarus, Greece, Ireland, Italy,

Liechtenstein, Republic of Moldova, Poland and Ukraine have not signed/ratified the GP yet.

http://www.ceip.at/status-of-reporting/2013-submissions
http://www.ceip.at/status-of-reporting/2013-submissions
http://www.ceip.at/webdab-emission-database/
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Figure 2.13: Emission trends [%] in the EMEP area for 1990–2011 based on data reported by countries

(gap-filled with expert estimates). Shipping emissions are not included.

fully successful in reducing their emissions. These countries exceeded their individual ceil-

ings also in 2011.

NOx emissions

On the basis of reported data, the total reduction of NOx emissions in the EMEP countries

for the period 1990–2011 was estimated to be -42%. Emissions decreased in 41 countries

and increased in six countries (Figure 2.14). The strongest increase was reported by Turkey

(+98%). Nine countries still exceed their NOx ceilings stipulated in the GP, e.g. Austria2,

Luxembourg and Liechtenstein by more than 70%.

NMVOC emissions

Compared to 1990, NMVOC emissions decreased in 43 countries and increased in four coun-

tries (Figure 2.14). The strongest NMVOC increase can be observed in Georgia3, where emis-

sions more than doubled. NMVOC emissions in the EMEP area have decreased since 2010

by another 2%, in total -53% compared to 1990 levels. GP emission targets are not reached

by 3 countries; the exceedances reported by Germany and Luxembourg are minor (about 1%),

while being more significant in Belarus (12%).

SOx emissions

Of all reported pollutants, SOx emissions decreased most substantially (-71%) between 1990

and 2011. However, it should be noted that SOx emissions within the overall EMEP re-

gion have increased by 4% compared to last year. Compared to 1990, SOx emissions have

decreased in 44 countries and increased in three countries (Figure 2.15); Iceland (+283%),

Turkey (+52%) and the FYR of Macedonia (+4%). No country exceeded its SOx GP target,

neither in 2010 nor in 2011.

2Calculations are based on fuel sold.
3Based on gap-filled reported data for 2010 and expert estimates for 1990
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NH3 emissions

Compared to 1990, NH3 emissions decreased in 39 countries and increased in 8 countries

(Figure 2.15). The strongest increases are reported by Malta (+118%) and Spain (+14%).

The total decrease in national total emissions from 1990 to 2011 amounted to -31%. Seven

countries (2 more than in 2010) exceeded their GP targets also in 2011.

CO emissions

Compared to 1990, CO emissions in 2011 decreased in all Parties except Turkey, where they

increased by 51% (Figure 2.16). The total decrease of CO emissions in the EMEP area from

1990 to 2011 amounted to -57%.

Figure 2.14: Differences in individual countries emissions reported for 1990 and 2011 (Green: 2011

emissions are lower than in 1990, Red: 2011 emissions are higher than in 1990), and the distance of

2011 emissions from the GP targets (Light purple: 2011 emissions were below the GP target, Dark

purple: 2011 emissions were above the GP target). NOx (left) and NMVOC (right).
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PM emissions

PM emissions have been reported only from 2000 onwards and since that time the values are

decreasing. However biggest decrease of emissions observed between 2001 and 2002 does

not correspond to emission trends of other pollutants (Figure 2.13) and may rather indicate

incomplete PM reporting for the year 2001.

The total decrease in PM2.5 emissions from 2000 to 2011 amounted to -31%. Compared

to the year 2000, PM2.5 emissions decreased in 29 countries and increased in 18 countries

(Figure 2.16). Increases by 30% or more are reported by the Republic of Moldova (+126%),

Belarus (+99%) and Bulgaria (+30%). Part of these increases might be due to an improved

completeness of the reported data.

Figure 2.15: Differences in individual countries emissions reported for 1990 and 2011 (Green: 2011

emissions are lower than in 1990, Red: 2011 emissions are higher than in 1990), and the distance of

2011 emissions from the GP targets (Light purple: 2011 emissions were below the GP target, Dark

purple: 2011 emissions were above the GP target). SOx (left) and NH3 (right).
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Figure 2.16: Differences in individual countries emissions reported for 1990 and 2011. (Green: 2011

emissions are lower than 1990. Red: 2011 emissions are higher than 1990). CO (left), PM2.5 (middle)

and PMcoarse (right).

Compared to 2000, PMcoarse emissions decreased in 30 countries and increased in 17

countries (Figure 2.16). The strongest increases are reported by Iceland (+103%), Latvia

(+86%), Lithuania (+ 66%) and Malta (+31%). The total decrease of PMcoarse emissions

from 2000 to 2010 is amounted to -22%.

2.2.4 Emission data used for modelling in 2013

In order to create emission data for the modellers, reported sectoral (NFR09) emissions are

aggregated to 10 SNAP sectors4. If countries do not report complete sectoral timeseries, the

aggregated emissions are gap filled. To gap-fill the missing sectoral emissions, CEIP applies

three methods:

a) linear extrapolation of the last five years (three years as a minimum)

4A table showing the conversion between NFR09 and SNAP is available on the CEIP website. http://

www.ceip.at/fileadmin/inhalte/emep/pdf/nfr09_to_snap.pdf

http://www.ceip.at/fileadmin/inhalte/emep/pdf/nfr09_to_snap.pdf
http://www.ceip.at/fileadmin/inhalte/emep/pdf/nfr09_to_snap.pdf
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b) copy of previous years emissions (data from 2009 or 2008)

c) other sources (e.g. IIASA, ENTEC, UNFCCC, NECD, etc.)

The gap-filled sectoral SNAP emissions are distributed across an extended EMEP grid

using the ’base grid’. The base grid defines the distribution of emissions in the extended

EMEP area and was calculated by using gridded sectoral emissions if reported by countries

and/or proxy data such as large point sources, population data and data from different models

if no or incomplete data were reported by countries. The overview information on gap-filled

sectors is listed in Table 2.1.

The gap-filled data are imported to WebDab and are available on the CEIP website under

“Emissions as used in EMEP models” (http://www.ceip.at/webdab-emission-

database/emissions-as-used-in-emep-models/).

Table 2.1: List of countries and pollutants for which expert estimates were used in the 2011 data set.

The table lists only countries/areas for which expert estimates were used for at least one sector. x

means that the data are gap-filled.
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For 2011 shipping data, interpolated NOx, SOx and PM emissions were used based on

recent estimates by IIASA for year 2010 and 2015. CO and NMVOC emissions were in-

terpolated using ENTEC/IIASA estimates from the 2007 shipping study “Analysis of Policy

Measures to Reduce Ship Emissions in the Context of the Revision of the National Emissions

Ceilings Directive” (Cofala et al. 2007) for years 2010 and 2020. The activity levels for the

new NOx, SOx and PM estimates are the same as the ones used in this shipping study, but the

baseline from 2007, which is still used for CO and NMVOC, is now outdated because it does

not include SECAs for the Baltic Sea and the North Sea.

Emission data for the “extended EMEP area” (e.g. Kazakhstan, the Asian part of Russia,

Kyrgyzstan, Uzbekistan, Turkmenistan and North Africa) were not reported to CEIP. As a

consequence, expert estimates were used for the gridding5 process.

5In 2009, CEIP considered the extended EMEP domain in the gap-filling and gridding process for the first

time. Since emission data was missing from a number of countries in this area, MSC-W estimates from 2009

were used and gridded together with current population data in specific countries. For the Russian areas in

the extended EMEP domain, these estimates were adjusted according to the reported emission trends for the

European part of the Russian Federation. The source of population data used by CEIP for gridding was IIASA.
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2.3 Main changes in concentrations and depositions in 2011

The differences between the reported concentrations and depositions for 2010 (reported last

year) and 2011 (reported this year) are mainly due to changes in emissions and meteorological

variability. Furthermore, the EMEP MSC-W model has been updated since last year (see

chapter 3). Here we discuss briefly the effects caused by emission changes and changes in

meteorological conditions.

2.3.1 Changes in sulphur and nitrogen deposition

We have calculated air concentrations and depositions for the years 2010 and 2011 with the

same EMEP MSC-W model version (rv4.4), using consistent meteorological data and the

most updated set of emission data.

In Figure 2.17 we show first the modelled total changes in depositions of sulphur, oxidized

nitrogen and reduced nitrogen (top row). Changes due to emission change only, and changes

due to meteorological change only, are shown in the middle and bottom rows, respectively.

The effects of emissions only are consistent with the emission data used by the EMEP

MSC-W model. In most countries these changes are small from one year to another, although

there are notable exceptions.

Even when annually averaged, as in this figure, the influence of meteorology is quite

substantial and in many areas overwhelms the effect of the small emission change. This, of

course, does not mean that emission changes are not important. Where meteorological change

counteracts the benefits of emission reductions we can safely assume that without emission

reduction, pollution levels would be even worse. In cases where meteorology is favourable to

air quality, emission reductions would improve air quality even further. From 2010 to 2011,

anthropogenic emissions of SOx in the extended EMEP domain increased by 3.7%, although

this is due to substantial increases in a small number of countries only (e.g. Bulgaria, Turkey,

Ukraine, Spain). Decreases in volcanic emissions (not considering the Grı́msvötn eruption 6)

led to a total increase in SOx emissions from 2010 to 2011 of 2.6%. In spite of this increase,

the total deposition of sulphur in the extended EMEP domain decreased by 5.5%, which can

be explained by (in this context) favorable meteorological conditions, such as the dryer con-

ditions in large areas of the domain, effectively reducing the amount of wet deposition and

increasing export out of the EMEP domain. A model calculation shows that, with the meteo-

rological conditions of 2010, the total deposition of sulphur would have indeed increased by

about 2.5%, reflecting the increase in emissions.

NOx emissions were reduced by 4.2% from 2010 to 2011, while the deposition of oxidized ni-

trogen, on average, decreased by as much as 9.3% during the same period, due to larger export

as in the case of sulphur. Without meteorological change, deposition would have decreased

by about 4.3% only, closely matching the emission change. In another model experiment we

have kept the emissions constant and changed only meteorology, resulting in a reduction in

deposition of reduced nitrogen by about 5%, i.e. clearly short of the total change (–9.3%),

thus illustrating the additional benefit from emission reductions. In the case of reduced nitro-

gen, emissions of NH3 increased by 2.9% while the deposition of reduced nitrogen decreased

6The eruption at Grı́msvötn volcano in Iceland in May 2011 has not been included in the model simulations.

The reason for this is that the eruption plume reached heights up to 16 km, which is currently above the top layer

of the EMEP MSC-W model, thus the plume and its transport can not be simulated by the current version of the

model. As described in chapter 3, extension of the model’s vertical domain is currently under development.



32 EMEP REPORT 1/2013

(a) ∆S (b) ∆OXN (c) ∆RDN

(d) ∆S due to emissions (e) ∆OXN due to emissions (f) ∆RDN due to emissions

(g) ∆S due to met. (h) ∆OXN due to met. (i) ∆RDN due to met.

Figure 2.17: Changes from 2010 to 2011 (annual values in %) for: sulphur deposition (left column),

oxidized nitrogen deposition (middle column), and reduced nitrogen deposition (right column). The

top panels show the total effect, while the middle and bottom rows show, respectively, the contribution

from emission change only, and the contribution from meteorological change only.
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slightly, by about 0.7%. Also in this case, meteorological change has acted favourably. With-

out this change, depositions would have increased by more than 3%.

2.3.2 Changes in ozone

(a) ∆max O3 (b) ∆max O3 due to emissions (c) ∆max O3 due to met.

(d) ∆T2m (e) ∆max O3 (wrt 2000s)

Figure 2.18: Differences between 2011 and 2010 summer values for: (a) max ozone [ppb], (b) max

ozone due to emissions, (c) max ozone due to meteorology, (d) Temperature at 2m [K], e) Difference

in max ozone [ppb] between 2011 and the average of 2000-2009 summer values.

The upper left panel of Figure 2.18 shows changes in summer ozone maxima from 2010

to 2011 as calculated by the EMEP MSC-W model. Maximum ozone levels decreased almost

everywhere from 2010 to 2011, with values more than 4 ppbv lower than in 2010 over large

parts of Russia and Central Asia, but also in Europe (e.g. Portugal, Central Europe, Greece).

As can be seen in the upper middle panel only a small part of this change can actually be

explained by changes in emissions, although it can be noted that emissions have led to some

reduction in maximum ozone in most areas of the model domain, except Turkey, Northern

Spain and some areas that are influenced by the boundary conditions (import from outside the

model domain), e.g. the North Atlantic and the Arctic. Emission change has led to maximum

ozone reductions by more than 1 ppb, e.g., in Northern Italy, Hungary, Romania and large

areas of Central Asia. The upper right panel in Figure 2.18 shows the change in maximum

ozone which is due to changes in meteorology. Indeed it explains most of the total change in
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maximum ozone, partly due to cooler summer temperatures (e.g. Portugal, Russia) as seen

in the left panel of the second row, although temperature change can not explain the ozone

change at all. A more detailed analysis of meteorological change is beyond the scope of this

section, but it is interesting to note that most of the change in maximum ozone between 2010

and 2011 appears to be related to meteorological conditions. The bottom right panel of the

figure shows the difference in maximum summer time ozone between 2011 and the multi-year

average for the 2000–2009 period. Judging from this figure 2011 had relatively low maximum

ozone also compared to the multi-year average (and not only compared to 2010). Air quality

indicators such as SOMO35 (not shown) decreased on average from 2010 to 2011, although

this, too, was mainly a meteorological effect (e.g. due to the cooler summer in Western

Russia and many parts of Europe in 2011, as compared to 2010). Nevertheless, the benefits of

emission reductions in ozone precursors can be assessed in model calculations and are shown

to contribute to the improvement of air quality in many countries.

2.4 Combined model results and observations for 2011

As in previous years, we have combined EMEP measurements with model data regarding air

concentrations and depositions for 2011, not only to calculate normalized differences between

model and observations, but also, and more importantly, to obtain data that are as close to

reality as possible. The results of this effort are shown in the next sections.

2.4.1 Acidification and eutrophication

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 sulphur, oxidized nitrogen 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 2011. For all measurement points,

the difference between the measured value at that point and the modelled value in the cor-

responding grid cell is calculated. 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. For the interpolated normalized differences (observations-mod-

el/(observations+model)), positive values show where the model underpredicts the values,

whilst negative values show where the model overpredicts values. The combined maps are

derived by 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 ob-

servations. The range of influence of the measured values depends on the component, and

has been set to 300 km for NH3+NH+

4 and HNO3+NO−

3 in air, and to 500 km for all other

components. For each of the components, we present four different figures, visualizing the

different steps of the procedure (Figures 2.19 to 2.22). In general, there is good agreement

between model results and measurements for 2011 as for previous years. Thus, the combined

results are rather similar to the model results. Please note that a more detailed evaluation of

the performance of the EMEP MSC-W model, version rv4.4, for 2011 is not included in this

chapter, but is available on the EMEP website (Nyı́ri et al. 2013) and in summarized form in

chapter 3.
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(a) Modelled SO2 in air (b) Measured SO2 in air

(c) Interpolated normalized differences (d) Combined SO2 in air

(e) Modelled SO
2−
4 in air (f) Measured SO

2−
4 in air

(g) Interpolated normalized differences (h) Combined SO
2−
4 in air

Figure 2.19: Yearly averaged SO2 (a)-(d) and SO
2−
4

(e)-(h) concentrations in air [µg m−3] in 2011.
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(a) Modelled total nitrate in air (b) Measured total nitrate in air

(c) Interpolated normalized differences (d) Combined total nitrate in air

(e) Modelled ammonia+ammonium in air (f) Measured ammonia+ammonium in air

(g) Interpolated normalized differences (h) Combined ammonia+ammonium in air

Figure 2.20: Yearly averaged HNO3+NO−

3
(a)-(d) and NH3+NH+

4
(e)-(h) concentrations in air in

2011. Units: [µg(NO3) m−3] for HNO3+NO−

3
and [µg(N) m−3] for NH3+NH+

4
.
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(a) Modelled nitrate in precipitation (b) Measured nitrate in precipitation

(c) Interpolated normalized differences (d) Combined nitrate in precipitation

(e) Modelled ammonium in precipitation (f) Measured ammonium in precipitation

(g) Interpolated normalized differences (h) Combined ammonium in precipitation

Figure 2.21: Yearly averaged oxidized nitrogen (a)-(d) and reduced nitrogen (e)-(h) concentrations in

precipitation [µg/l] in 2011.
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(a) Modelled sulphur in precipitation (b) Measured sulphur in precipitation

(c) Interpolated normalized differences (d) Combined sulphur in precipitation

Figure 2.22: Yearly averaged sulphur concentrations in precipitation [µg/l] in 2011.

2.4.2 Ozone and nitrogen dioxide

‘Best estimates’ have also been calculated for air concentrations of ozone and NO2, using

a combination of model results and observations from the EMEP network for 2011. The

technique is the same as described in section 2.4.1.

There is good agreement between model results and observation in 2011, thus the maps

of combined results look very similar to those of the model results. Therefore we show only

the combined results and the normalized error in Figure 2.23. For ozone the normalised errors

are relatively small, within ±5% over large parts of Europe, and almost always within ±10%,

although some areas of more severe underestimation remain, e.g. in Northern Italy and the

BeNeLux area. NO2 is a more difficult compound to model, as it has a short lifetime in the

atmosphere and the variability within a 50×50 km2 grid cell can be large. Normalised errors

are larger than for ozone, but still most areas of Europe show normalised errors within the

±18% range as shown in Figure 2.23(f).

A detailed evaluation of the EMEP MSC-W model, version rv4.4, in terms of ozone and

NO2 for 2011 is available on the EMEP website (Gauss and Hjellbrekke 2013).

2.5 Exceedances of critical loads

The calculated exceedances of critical loads and the ecosystem areas at risk in 2011 are pre-

sented in Figure 2.24 both for Europe in the old EMEP domain (a)-(d) and for EECCA coun-

tries in the extended EMEP domain (e)-(h). The calculations for Europe in the old EMEP
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(a) Combined (model+obs) (b) Interpolated normalized differences

(c) Combined (model+obs) (d) Interpolated normalized differences

(e) Combined (model+obs) (f) Interpolated normalized differences

Figure 2.23: Yearly averages, and interpolated differences, for: daily mean ozone (a+b), daily maxi-

mum ozone (c+d) and mean NO2 (e+f). Units: [ppb] for ozone, [µg(NO2) m−3] for NO2.

domain are based on official critical load data as described in Hettelingh et al. (2008), while

those for EECCA countries are based on non-official critical load data by CCE’s background

database (Reinds et al. 2008). In terms of acidification, ’hot spots’ of relatively high ex-

ceedance and risk percentage are seen, e.g. in Northwest France, the BeNeLux area, the

Southern tip of Norway, Denmark, the Czech Republic, Poland and Lithuania. An even more

striking feature, however, are the large exceedances of critical loads and areas at risk in terms

of eutrophication. In this respect it has to be noted that not only in Europe, but also in a large

part of the EECCA area, the percentage of area at risk is above 90%. While acidification is
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(a) Exceedances, acidification (b) Exceedances, eutrophication

(c) Area at risk, acidification (d) Area at risk, eutrophication

(e) Exceedances, acidification (f) Exceedances, eutrophication

(g) Area at risk, acidification (h) Area at risk, eutrophication

Figure 2.24: Exceedances of critical loads [eq h−1 yr−1] and % ecosystem areas at risk for 2011 in

Europe (a)-(d) and in EECCA countries (e)-(h).



CHAPTER 2. STATUS IN 2011 41

low in the EECCA area, eutrophication is potentially a severe problem also there. In Western

Europe, the situation in terms of eutrophication (areas at risk) has also not improved substan-

tially from 2010 to 2011. In some areas (e.g. Portugal and Southern England) it has become

worse, while in other areas (e.g. Southern Finland and Southern Germany) it has improved.

Again, it has to be noted that such year-to-year changes are partly explained by changes in

meteorology.
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CHAPTER 3

EMEP model development and performance changes

David Simpson, Michael Schulz, Valiyaveetil Shamsudheen Semeena, Svetlana Tsyro,

Álvaro Valdebenito, Peter Wind and Birthe Marie Steensen

3.1 Introduction

The EMEP MSC-W group takes part in a large number of activities involving both application

and development of the model. Such development can be either scientific, for example to im-

prove process descriptions, or technical, for example to ease the use of the model for different

scales and map-projections. Over 2012–2013 most of the changes made in the standard model

were of the technical type, but research-versions of the model have explored possible process

improvements.

In section 3.2 we briefly review some of the developments of the model, section 3.3 sum-

marises a user-training course given in spring 2013, and in section 3.4 we illustrate how model

performance has changed over the years with different model versions, demonstrating the im-

provements associated with recent model versions.

3.2 Development activities

Much of the development work over the last years has focused on making the EMEP model

more flexible in its ability to explore the interactions between climate change, air pollution,

and ecosystems. As well as through EMEP funding, much of this work has been supported

by the following research projects:

• The EU project ECLAIRE (Effects of climate change on air pollution impacts and re-

sponse strategies for European ecosystems) is a cooperation between 39 partner Insti-

tutes looking at a whole host of processes, from soil microbiology to large scale at-

mospheric modelling. The EMEP MSC-W model is supporting ECLAIRE through the

45
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provision of long-term calculations of nitrogen deposition and ozone, data which is be-

ing used as inputs to several ecosystem models. In turn, these models and their results

will be used to develop more realistic, and climate-sensitive, treatments of biosphere-

atmosphere exchange. A second EU project, PEGASOS, will also provide improve-

ments in the model’s dry deposition parameterisations

• The Nordic Council of Ministers funded project EnsClim is working towards establish-

ing both the changes in air pollutants brought about by climate change, and the un-

certainty of such predictions as represented by a small ensemble of chemical transport

models. Langner et al. (2012) presented results of this project for ozone, and also illus-

trated the large uncertainty in the biogenic VOC emissions still found in such modelling

studies (Fig. 3.1).

• The Swedish funded strategic project MERGE (ModElling the Regional and Global

Earth system) has similar aims, with a very strong ecosystem component. (MERGE

funded a Post-Doc at Chalmers University of Technology to work with the EMEP MSC-

W model.)

• The Norwegian Space agency has been encouraging and funding works aiming at the

use of satellite data. Within the projects AeroKval and PM-VRAE, the EMEP MSC-

W model has been developed to calculate aerosol optical parameters, such as Aerosol

Optical Depth (AOD) and 3-dimensional aerosol extinction coefficients. Comparison of

model calculations with multi-year satellite observations of AOD and extinction profiles

provides additional information on the model performance, especially valuable for the

regions not presently covered by air quality monitoring networks, and also on the global

scale.

• Within the TFMM Eurodelta-3 activities, the EMEP MSC-W model is compared with

five state-of-art air quality models and with observations from the EMEP and Airbase

data bases, with particular focus on extended and highly resolved EMEP intensive mea-

surements. The differences between model results and their discrepancies with obser-

vations are systematically analysed and the findings shall be used as a basis for model

improvements.

Within these projects we have explored for example the use of more realistic (temperature-

sensitive) growing seasons in the EMEP model (Sakalli and Simpson 2012), as illustrated in

Fig. 3.2. This work showed that even simple temperature-based methods offered more realistic

growing seasons compared to the default latitude-based approach. These results were found

for birch, and further work is needed to explore methods for other species, perhaps based upon

ecosystem-model approaches (e.g. Smith et al. 2011).

The parameterisation of the surface exchange of ammonia has also been a focus topic, with

new ideas being reviewed and explored in Flechard et al. (2013) and Sutton et al. (2013). This

work also draws attention to the need for more dynamic estimates of NH3 emissions in fu-

ture, with the possibility of significantly increased emissions being caused by the temperature

increases associated with climate change.

An initiative to improve the vertical structure and resolution of the model can be men-

tioned. The model has been limited to 20 vertical sigma levels since the original formulation

of Berge and Jakobsen (1998). We are currently developing the model using flexible and gen-

eral hybrid coordinates (levels defined by P (k) = A(k) +B(k)Psurf). In a first phase we are
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Figure 3.1: Simulated seasonal variation in biogenic isoprene emissions as

an average for 2000–2009, from four different chemical transport models

(DEHM, EMEP, MATCH, SILAM). Units Gg/month. From Langner et al.

(2012), where details can also be found of the models and of the climate-model

based meteorology.

Figure 3.2: (a) Estimated start of the growing season (day number) using a temperature-

based method (‘T5’), and (b) the difference between the T5 and default latitude-based

method. From Sakalli and Simpson 2012.

testing an extension of the levels at high altitudes using 42 hybrid levels and a top at 9 hPa

(about 30 km). This version is used to simulate the ash dispersion from high volcano erup-

tions. Figure 3.3 shows a snapshot of the Grimsvötn eruption in 2011. The eruption started on

May 21, and during the first 24 hours there was more ash release than during the entire 2010

Eyjafjallajökull release, and the plume reached up to 18 km altitude . The standard 20 layer

vertical sigma level grid has a top at 100 hPa. From Figure 3.3 one can see that parts of the

ash plume were found above 100 hPa.

Finally, a related exercise is going on to improve the vertical resolution of the surface

layer (in the present model version the lowest layer is appr. 90 m thick). However before the
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Figure 3.3: Grimsvötn ash plume at 12 UTC 23 May 2011, as simulated by top-extended EMEP MSC-

W model: a cross section (left) of the vertical distribution of the ash plume; horizontal distribution

(right) of the ash plume, the black line represents where the cross section is taken. Same scale on both

plots.

model is fully adapted to such higher vertical resolution, we still need to define photolysis

rates for the stratosphere, develop a deposition scheme for thinner layers close to the surface,

and generalise the scheme for distribution of emitted pollutants vertically. This work should

also enable a better representation of near-source dispersion in the model, which is especially

important as grid-sizes are reduced.

3.2.1 Model updates

The EMEP MSC-W model, version rv4.0, released as open-source in September 2012, was

described in detail in Simpson et al. (2012). In March 2013 version rv4.3 was released on

the EMEP web site, just prior to the Training course (Sec. 3.3), and in summer 2013 rv4.4

used for this report will be similarly released. Table 3.1 summarises the main model ver-

sions from rv1.7 in 2003 to rv4.4 in 2013. The ‘smoothed MARS’ modification in rv4.3

requires some explanation. This refers to changes in the EMEP coding of the MARS module

(Binkowski and Shankar 1995) which computes the equilibrium for SO4, HNO3−NO3 and

NH3−NH4. MARS has two main regimes, depending on the ammonium to sulphate ratio.

At the transition between the two regimes the low and high ratio algorithms gave different

answers, resulting in a discontinuity of the results even when the input concentrations varies

smoothly. The new routines defines a transition regime where a linear combination of the

two previous regimes is applied. The physical interpretation being that in these cases, both

regimes are present in different parts of a single grid cell.
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3.3 Training

In order to help users of the EMEP MSC-W model, a training course was organised in Oslo,

24-26 April 2013. Thirty researchers from 9 European countries - Austria, Belgium, Croatia,

Estonia, Hungary, Italy, Norway, Poland and United Kingdom - participated in the course. The

course was organised in such a way that both new and experienced model-users would ben-

efit from the course. The course started with an introduction about the philosophy, concepts

and principles of the EMEP MSC-W model followed by the structure, computational require-

ments and the input data needed to work with the model. Simple exercises to run the model

with different set ups were given. Tools to visualise, post-process and analyse the model out-

puts were also introduced in the course. The agenda of the training course in ‘pdf’ format

can be found on the EMEP web site at: http://www.emep.int/meetings/EMEP_

Training_2013/Agenda_EMEP_TrainingCourse2013_MS.pdf The course ma-

terials were uploaded to the EMEP web site after the course and can be found at: https://

wiki.met.no/emep/page1/emepmscw_opensource under the section ’Training

Course Presentations (24-26 April 2013)’. The feedback from the participants indicated that

the course was very informative, with suggestions to make such a course (possibly bi-annual)

more to the needs of absolute beginners. The intensive discussions with the participants

throughout the course provided important points to be focused upon in future development

of the EMEP MSC-W model.

3.4 Model performance - status and changes

EMEP MSC-W model performance is reported each year in the appropriate status reports,

providing an ongoing documentation of the model as compared to observations collected from

the EMEP monitoring network. However, such results cannot be compared in a consistent

manner from year to year – there are typically changes in the meteorological year used, in

the emissions data-sets, and sometimes in the EMEP model version. There was also a major

change of meteorological driver in May 2011 (when the ECMWF-IFS model replaced the

previous PARLAM/HIRLAM), which also resulted in changed model performance even when

using the same EMEP MSC-W chemical transport model.

It is however useful to illustrate how the current model is performing compared to earlier

reported model results. In this section, we compare the ‘original’ model results (as docu-

mented in previous EMEP reports) with a new multi-year evaluation using the latest (rv4.4,

’current model’) version of the model, and latest measurement data for all sites.

The aim of this multi-year model evaluation is threefold: (1) to demonstrate the contin-

ued good (and sometimes improved) skills of the present model version rv.4.4 relative to the

earlier ones, and (2) to illustrate some features of the robustness of model results in chang-

ing meteorological and chemical regimes, and (3) to compare the performance of the current

model version to previous performance evaluations from peer-reviewed papers featuring the

EMEP model.

An important complication with the original reported results is that even ‘observations’

change, as older results are corrected and updated by the data-providers and EMEP CCC. In-

deed, some of the differences to be discussed below will be due to a comprehensive update of

the observational data for all years used at MSC-W in 2012. As even the number of stations

may change between earlier and recent comparisons (and it would be a huge task to work out

http://www.emep.int/meetings/EMEP_Training_2013/Agenda_EMEP_TrainingCourse2013_MS.pdf
http://www.emep.int/meetings/EMEP_Training_2013/Agenda_EMEP_TrainingCourse2013_MS.pdf
https://wiki.met.no/emep/page1/emepmscw_opensource
https://wiki.met.no/emep/page1/emepmscw_opensource
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which stations were included in each annual report for each pollutant), and individual sites can

make a big difference to statistical measures, we cannot unfortunately use these comparisons

to trace specific reasons for changes in model performance; we can only give an illustration of

current model performance compared to earlier versions. At MSC-W we have begun a more

systematic analysis, rerunning the older model versions with current emissions, meteorolog-

ical driver, and observations, and in time this will allow a more informative comparison of

model development.

The model has been evaluated for concentrations of all traditional pollutants, both in air

and precipitation, for which an appropriate suite of statistical parameters relevant for analysis

of model performance have been calculated. Here, we discuss only two of them, namely the

annual mean ‘Relative bias’ and ‘Correlation’ (R-values). Original model results are available

for the years 1980, 1985, 1990-2011. Current model results are available for the years 1990,

and 2000-2011 (the years reflect availability of data from the newer ECMWF-IFS meteoro-

logical driver). The summary of the results is provided in Figs 3.4–3.5, and Tables E:1-E:15.

The EMEP reports giving information on the ’original’ model performance can be found

at: http://emep.int/mscw/mscw_publications.html in the supplementary ma-

terial to EMEP reports for the years 2009–2012, and in the Status Report of respective years

for all other years. These model versions are shown in the ‘Original Results’ column of Ta-

bles E:1-E:15. The data in ‘Original Results’ tell us about the evolution of the model system in

time, where model system refers to EMEP model version, meteorological driver, meteorolog-

ical year, and the status of the emissions and observational databases at the time of reporting.

The data in ‘Updated Results’ illustrate more systematically the effect of meteorology and

emissions on the accuracy of calculations, with the same EMEP model and meteorological

driver used throughout, and current databases for emissions and observations (the same runs

are also described as Trend runs in chapter 6). The Updated Results in Tables E:1-E:15 use

all the available stations with observations for the meteorological years except 2011.

Given the many variables which change when comparing results, we will not go through

all comparisons in detail, but rather give some examples to demonstrate both features and

complications of such a comparison.

Considering first SO2 and sulphate SO 2 –
4 , Tables E:1-E:2, some differences between the

two compounds are readily apparent. For SO2 the correlation coefficient changes significantly

from year to year, e.g. ranging from 0.32 to 0.7 in the 2000s with rv4.4, whereas for SO 2 –
4

much higher correlations are found, with lower year to year variation (from 0.67 to 0.85 for the

2000s). The latest model version is sometimes better, sometimes worse, than earlier results,

but with again sulphate showing more consistency than SO2.

Given the variability in year-to-year performance for the consistent rv4.4 results, it is

not easy to compare the rv4.4 findings against the original model versions. At first sight

for example, the older rv1.7 model seems superior for sulphate and inferior for SO2, but

significantly more observational data are included in the current evaluation compared to the

original one (e.g. for SO 2 –
4 87 sites for rv4.4 but only 47 for rv1.7).

In general we can only conclude that these sulphur species are captured within 20-30%,

and for both species results seem to be better for earlier years rather than later. This likely

reflects the rapidly changing nature of SO2 emissions, where today’s emissions stem from a

relatively wide range of sources, whereas in earlier years power-stations completely domi-

nated the S-emissions.

Results for NO2 from rv4.4 (Table E:3) are rather consistent from year to year, with R-

values of about 0.6-0.8. The model bias is low, and seems even to be improving for recent

http://emep.int/mscw/mscw_publications.html
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Figure 3.4: Calculated bias (left) and correlation (right) between the model and observations for the

components SO2, SO4, NO2 and total nitrate (TNO3).Here the ’Reported’ model results represent

values as given in original EMEP runs, ‘Trend’ results give updated calculations with current rv4.4

model version.
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Figure 3.5: Calculated bias (left) and correlation (right) between the model and observations for the

components total ammonia (TNHx), wet deposition of SOx (Wdep SOx), wet deposition of reduced

nitrogen (Wdep RDN) and wet deposition of oxidised nitrogen (Wdep OXN).
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years, from ca. 20% in 1990 and 2000 to less than 10% in recent years.

Original model results are only available for four years, but are essentially comparable

with the rv4.4 results. In summary, the model performance for NO2 is rather satisfactory, and

among the more robust outputs from the EMEP MSC-W model.

NH3 (Table E:4) offers possibly the most complex example of model performance inter-

pretation. The comparisons are often dominated very strongly by individual sites or clusters

of sites in terms of concentrations, for example high-NH3 sites from the Netherlands in one

region of the scatter plot (Nyı́ri et al. 2013), and very low concentration Nordic sites on an-

other region. Inclusion or removal of individual sites (especially the high concentration ones)

from these comparisons can strongly affect the statistics. Another unique feature for NH3 is

the very high correlations (R>0.97) in the earlier years. This does not represent near-perfect

model performance, but rather is a statistical result of the clustering of sites in high or low

NOx regions of the scatter plots. The large bias (underprediction) in these high R-value statis-

tics are a result of the model not reproducing some very high observations, but some such

underpredictions are to be expected for NH3 – measurements of NH3 can be strongly affected

by local sources, something which the model can not be expected to capture.

Ammonium (NH+
4 , Table E:5) is expected to be better captured due to its secondary nature,

with the measurements being more representative of larger areas. The number of measure-

ments is also greater than for NH3, although much lower than for S-compounds or NO2.

Correlation coefficients are rather good (R∼0.8) for all years with around 20 sites or more,

and bias is small, from almost zero to around 20% with rv4.4. The current model has both

better correlation and lower bias than the older codes, which is likely related to generally

lower deposition velocities in recent versions.

As has been discussed in detail elsewhere (e.g. Aas et al. 2012, Fagerli and Aas 2008,

and references cited therein) the measurements of N-compounds made with filter packs are

complicated by partitioning (especially of ammonium nitrate) and condensation processes;

measurements of gaseous compounds (e.g. HNO3) or particulate compounds alone are likely

biased. The sum of nitrate and nitric acid (TNO3 in Figure 3.4) of ammonia and ammonium

(TNHx) are far more reliable than measurements of the gas or aerosol compound alone.

Considering TNHx in air, the recent model still shows significant under-prediction (up to

27%, although often less than 20%) compared to measurements, especially in recent years,

but the R-values are uniformly high, mostly around 0.8. The current model version has lower

concentrations, but typically higher R-values, compared to the earlier reported results. For

TNO3 in air, the model shows even better performance in both older and the current code, with

R-values reaching up to 0.9, and low bias of the current model in recent years. Again, it is easy

to find examples of year to year variability, with the current code showing underpredictions in

some years and overpredictions in others.

Table 3.2 compares precipitation results for the EMEP sites. Precipitation is one of the

key input parameters to the EMEP model, and this Table makes it clear that this input is also

both imperfect, and changing in time. Indeed, the tendency in recent years seems to be for

lower bias compared to the measurements, but also somewhat lower correlations compared to

earlier years. Again though, the number of stations changes between the current analysis and

the originally reported ones, and there were clearly more sites with precipitation data in the

1990 case than in later years.

Tables E:10-E:15 provide results for both concentrations in precipitation and wet deposi-

tion amounts, and Figure 3.5 illustrates the changes in wet deposition. Results for sulphate are

seen to be generally good (bias usually less than 20%, high R-values) for all model versions
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and years. The year 1990 with the current model stands out with far higher bias than found

with later years or with earlier model codes; this needs to be investigated. For ammonium,

current model results are similarly good (often better) than for sulphate, also for the year 1990.

The current model results seem to show lower bias, although somewhat lower R-values, com-

pared to earlier runs. The year 2011 results stand out with remarkably low R-values; this

seems to be an artefact caused by one or two sites and will be investigated further. R-values

for other years are usually around 0.6–0.8.

In conclusion:

• The comparisons discussed here give an overview of how model performance has changed

over the years. However, a systematic comparison has not been possible, since many

other factors have also changed. Not least, the observational database available for the

recent comparisons has been improved compared to those available for older EMEP re-

ports. Further, emission data-bases are continually evolving, with again hopefully better

data available today, also for previous years.

• Year-to-year variations in model evaluation can be large, so evaluation statistics deter-

mined for one year cannot be assumed to be representative for general model perfor-

mance.

• Differences between pollutants are also large, and often not correlated. For example,

model changes that improved SO 2 –
4 were associated with reduced performance for SO2.

Again, evaluation needs to be performed over many years and in different pollutant

regimes.

• Model performance is (as expected) generally better for secondary than for primary

pollutants.

• A more systematic evaluation is needed, with all model-inputs and observations held

constant as model version is changed, in order to identify key factors behind changes in

model performance.

• The latest model version shows a good level of performance across pollutants and years,

generally better than older codes when all pollutants are considered together.
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Table 3.1: Summary of major EMEP MSC-W model versions from 2003–2013. Extended from Table

S1 of Simpson et al. 2012.

Revision Date Main changes

rv1.7 Jul 2003 First ‘unified’ model, with both acidification and photochemical scheme, docu-

mented in Simpson et al. (2003).

rv2.0 Apr 2004 Pseudo-H2O2 added in aqueous oxidation, revised VOC speciation, boundary-

layer physics modified, N2O5 hydrolysis improved inclusion of sea-salt. Used

for Nr-evaluations in Simpson et al. (2006a), Simpson et al. (2006b) and O3,

NO2 in Jonson et al. (2006) .

rv2.5 Jul 2006 Used for IIASA (GAINS) source-receptor matrices. Changes in: N2O5 hydroly-

sis, EQSAM scheme for nitrate formation, PM-water added, land-cover param-

eters changed, ozone-flux outputs added, move to netcdf file format. Global

modelling capability added. Similar to codes used by Fagerli and Aas (2008),

Huijnen et al. (2010) and Jonson et al. (2010) (rv2.6).

rv3.0 Feb 2008 First public-domain release. Included various small changes, e.g. to vegetation

parameters, and numerous technical changes. Similar to rv3.1 codes used by

Colette et al. (2011) and Bartnicki and Fagerli (2008).

rv3.2 Improved deposition scheme, including co-deposition for SO2 (cf Fowler et al.

2009), revised particle deposition scheme, daily snow instead of climatological.

Code revisions for more flexible grids and global scale.

rv3.4 2009 Additional chemical schemes implemented, EmChem09 scheme developed,

Forecast model versions implemented.

rv3.6 2010 Boundary layer physics updates (Hmix from Jeričevič et al. 2010), convection

routine added.

rv3.7 2010 BVOC emissions updated, aerosol deposition and sea-salt revised, dust added,

global soil NO emissions.

rv3.8 May 2011 Second public-domain. Major revisions in: Aerosol dry deposition methodol-

ogy, also revised sub-cloud scavenging; Biogenic VOC emission methods, rates;

added cumulus scheme; ECMWF IFS model replaces PARLAM/HIRLAM

NWPs as default meteorological driver. Similar code used for Colette et al.

(2012).

rv3.9 Nov 2011 Major revisions in: pH dependence of sulphate formation; added organic aerosol

and SOA formation; use of daily FINNv1 forest fire module; changed tempo-

ral variations for sectors SNAP-1 (changing winter/summer ratios) and SNAP-2

(degree-days).

rv4β Mar 2012 Soil NO emissions, preliminary road-dust production added, use of soil moisture

index from ECMWF IFS fields. As used in Aas et al. (2012).

rv4.0 Aug 2012 Third public-domain. Hourly emission variations replaced former day/night

emission factors, more flexible handling of volcanic emissions, increased MMD

of coarse nitrate to 3µm, small change in vertical distribution of emissions. As

documented in Simpson et al. (2012).

rv4.3 Mar 2013 Fourth public-domain.

AOD scheme was improved to implicitly account for aerosol effective extinction

cross-section and for aerosol hygroscopic growth due to relative humidity.

Smoothing of MARS results for inorganic aerosol (see text).

Introduction of an Emergency module for volcanic ash and other emergency sce-

narios. For example, with the appropriate input and the new Emergency module

it is possible to simulate the transport and deposition of radioactive material from

a nuclear power plant accident, such as the Fukushima 2011 disaster.

A start was made to simplify the model configuration system by using Fortran

namelist inputs to define setup-variables and various run options, instead of these

being given in the code. The new system will be gradually expanded, and should

result in considerable simplifications for users of the EMEP model.

Dust and road-dust options added as defaults

Advection algorithm changed, to solve some problems with extreme divergence

cases (Clappier (1998)).

rv4.4 Summer 2013 gfortran compatibility improved following comments received on the EMEP

model course. Further use of namelist inputs.

The coding of AOD parameterisations was improved.
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Table 3.2: Comparison of modelled and observed precipitation (mm) at EMEP sites for the years

1980–2011. Original results refer to evaluations as given in earlier EMEP reports, with model version

as given in left column. Updated results are derived from model version rv4.4 and latest EMEP CCC

data base for observations.

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 29 24475 -2 0.57 1980

rv1.7 40 34828 0 0.66 1985

rv1.7 60 47344 20 0.49 1990 84 63593 25 0.86

rv1.7 73 64077 2 0.49 1995

rv1.7 74 60248 9 0.48 1996

rv1.7 73 62201 14 0.54 1997

rv1.7 75 68630 15 0.48 1998

rv1.7 77 66917 14 0.62 1999

rv1.7 64 54508 12 0.65 2000 68 58277 14 0.86

rv1.8 2001 66 56226 11 0.80

rv2.0 61 53215 9 0.53 2002 67 58072 13 0.78

rv2.3 57 43468 7 0.68 2003 65 46370 10 0.83

rv2.6 44 38072 0 0.64 2004 59 50795 7 0.83

rv2.7 54 41571 7 0.73 2005 57 43505 7 0.75

rv3.1 55 22967 -4 0.64 2006 60 49164 11 0.86

rv3.4 50 41862 -4 0.65 2007 59 52492 12 0.76

rv3.6 64 63989 2 0.72 2008 62 60928 8 0.73

rv3.8 62 56367 5 0.71 2009 63 56960 5 0.70

rv4.0 57 49067 -1 0.64 2010 57 49067 -1 0.64

rv4.4 51 39208 4 0.78 2011 51 39208 4 0.78
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CHAPTER 4

The new EMEP Grid

Michael Schulz, Katarina Mareckova, Robert Wankmüller, Maximilian Posch,

Ágnes Nyı́ri, Anna Benedictow, Michael Gauss

At the 36th session of the EMEP Steering Body the EMEP Centres suggested to increase

spatial resolution of reported emissions from 50 × 50 km EMEP grid to 0.1◦× 0.1◦, with a

lon-lat projection in the geographic coordinate system WGS84. The new domain will cover

the geographic area between 30◦N-82◦N latitude and 30◦W-90◦E longitude (see Figure 4.1).

This suggestion represents a balance between political needs, scientific needs and technical

feasibility as of 2012 and for the next years.

Here we summarize recent argumentation in favor of a new grid and projection, provide

some information for the upcoming changes for emission reporting, and report from first

work to document the impact of utilizing such a new grid for critical load exceedances used

in integrated assessments.

4.1 Argumentation for a new grid and projection

Emissions are basic information for any air pollution modelling. Only emissions regridded

from sufficiently fine resolution lead to exact results. In the recent years MSC-W the EMEP

MSC-W model was asked to perform simulations for different assessments and projects, in-

cluding in support of the revision of the Gothenborg protoal and TSAP, on several new grids.

Because of the problematic regridding procedure from the standard 50×50 km EMEP grid

such work has often been done with other emission data sets. This leads to an inconsis-

tency between different simulations and does not allow for a straight forward comparability

of simulations performed e.g. for TSAP and EMEP. Assuming that regulatory work and the

supporting assessments for different international bodies should be rather consistent with re-

spect to input data, it would be of general advantage to set an adequate grid standard through

EMEP.

The grid used in EMEP simulations up to now has served its purpose. However, the 50×50
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km grid is becoming old and is no longer state-of-the-art. The grid used in the EMEP model

system has not changed since 15 years, since 1999. Also, the earlier 150×150 km grid had

been in use for ca. 15 years from 1984 to 1998. As of today, the MACC project, using a

model ensemble of 6 regional models including the EMEP model, performs regular chemical

weather forecasts for EUROPE every day on a grid of approximately 0.2×0.2 degrees on

a lat-lon grid, producing a model ensemble on a 0.1×0.1 degrees. EMEP MSC-W model

simulations on a similar grid would be thus just state-of-the-art.

Today’s fine-scale ecosystem data can only be used to their full potential if atmospheric

data are available on equivalently finer scales. By using a finer grid the simulation of atmo-

spheric deposition and the exceedances of critical loads can be quantified with higher accuracy

for more patchy vegetation units. At the same time the simulation of biospheric emissions of

VOC’s, NH3 and dust can make use of highly resolved land-cover category information and

any coupling between the biosphere and atmosphere can be simulated more accurately.

A lon-lat projection of the EMEP grid can be more easily integrated with other geo-

data and boundary conditions. In particular problematic is the regridding from a polar-

stereographic grid to a lon-lat grid, where uncertain overlap functions have to be defined.

Global chemistry transport models, as used for example in the TFHTAP, provide boundary

conditions on lon-lat grids. The foreseen studies on the impact of hemispheric air pollution

on regional air quality scenarios require that global and regional models can operate easily

together. Exchange of boundary conditions is more easy and precise with a lon-lat grid. Other

input data, such as meteorological data from ECMWF or climate models (IPCC-CMIP5) and

land use data are mainly available on lon-lat grids.

Simulations of surface concentrations and deposition are improved when utilizing a higher

resolved grid. This is in particular the case if the underlying emissions are reported in a better

quality and finer resolution. In coastal and mountaineous areas an improvement exists even

if the refinement of the real emission patterns is not as certain as the change in resolution

suggests. A joint TFMM & MSC-W attempt to assess the performance of regional models as

a function of scale and resolution has shown that all models show a better performance when

using a finer grid, in particular for primary substances and near agglomerations 1.

Technically the foundations have been laid to utilize a higher resolved grid and associated

input data. Computing resources and the parallelization of the model code have greatly devel-

oped and allow today for multiple simulations with finer grids. This has been demonstrated

by the EMEP MSC-W model simulations in support of the TSAP revision, spanning hundreds

of years simulated, exploring a range of different scenarios using the new MET Norway su-

percomputer, installed in 2012. However, technical work is needed to prepare the emission

data in the countries, but also to keep the EMEP model system in a state, that it can process

massive data streams in an efficient way.

Integrated assessments of air-quality and climate change scenarios require consistent sim-

ulations from urban to global scales. Regional scale assessments of eutrophying and nutrify-

ing substances such as done by EMEP can serve as an efficient link between local urban and

global scales. Several processes, such as vertical mixing in highly polluted areas, can only be

described on a higher resolved grid with more vertical levels than in the current 50×50 km

grid. The new EMEP grid offers the possibility to study air-quality-climate interactions in an

adequate manner.

Harmonized model input data are needed across the EMEP domain and model system to

1EMEP/MSC-W Technical Report 1/13 Joint TFMM & MSC-W.
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serve the future needs of the UNECE convention. Certainly a new balance has to be sought

between efforts to increase the spatial detail in emission inventories and other research to

improve air quality assessments. Some emission data may be best produced with gap-fill

methods, which use expert judgements. Other data are readily available on higher resolution.

Suggesting and shifting to a finer EMEP grid at this point in time would ensure that relevant

scientific results can be produced for the next decade in support of the implementation of the

UNECE air pollution protocols.

The new grid will make it also easier to utilize the EMEP model for regulatory purposes for

any party to the convention. Countries may utilize the emissions and model system for finer

scale applications and assessments. They can then improve these studies by using regional

and global EMEP model simulations (readily available at emep.int) to have consistent and

coherent boundary conditions.

4.2 Changes to reporting of emission and projections

Apart from the change in grid and projection and correcting for minor errors, the rationale for

amending the 2009 Emission Reporting Guidelines (ECE/EB.AIR/97) is to allow for:

• changes to be incorporated from the 2012 amendment of the Gothenburg protocol and

Heavy Metal protocol, as well as from the 2009 amendment of the Persistent Organic

Pollutant (POPs) protocol

• continued consistency between the CLRTAP Nomenclature for Reporting (NFR) and

the UNFCCC Common Reporting Format (CRF). Changes to the latter shall be followed

for reporting from 2015 onward

• restructuring of the document by bringing together all definitions into one section that

previously were provided throughout the Guidelines text and its annexes;

• incorporation of a new section on Inventory Adjustments.

In practice this would mean, that there will be also a change in NFR source categories

(some will be replaced, some will be added other deleted) and a total of 13 categories (GNFR)

used for reporting of gridded data (instead of 10 SNAP sectors) plus memo items.

The Revised Guidelines will be presented at the EMEP Steering Body for adoption (Sept

2013), followed by the CLRTAP Executive Body (Dec 2013). It is anticipated that a final

and translated version will be published by the Convention Secretariat in early 2014 for use

in 2015 and subsequent years. There will be no temporary reporting templates for the new

EMEP grid in the transition period. If countries plan to prepare gridded data in the new

resolution before 2015, it should be reported in current templates by replacing 50km2 EMEP

grid coordinates ”i” and ”j” with the long-lat coordinates.

More information about the new grid can be downloaded from the CEIP website (http://

www.ceip.at/the-new-emep-grid); a document prepared by the EMEP centres for

the SB which summarizes the main points of the new EMEP grid and a short presentation

about the changes in the EMEP grid and the grid development over time. Parties are invited

to download data defining the new grid cells and fractions of grid cells (as text and Excel file)

also from the CEIP website at http://www.ceip.at/the-new-emep-grid. Coun-

try specific ESRI shape files with the new 0.1◦× 0.1◦(lon-lat) grid definition can be down-

loaded as well.

http://www.ceip.at/the-new-emep-grid
http://www.ceip.at/the-new-emep-grid
http://www.ceip.at/the-new-emep-grid
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Figure 4.1: The new EMEP domain covering the geographic area between 30◦N-82◦N latitude and

30◦W-90◦E longitude.

4.3 Changes of critical load exceedances in different resolu-

tions

One of the applications of modelled European depositions of sulphur (S) and total nitrogen (N)

is the computation of critical load (CL) exceedances, often within the framework of integrated

assessment. In the following paragraphs we assess the influence of the resolution of deposition

fields on the exceedances of CLs.

For this purpose two EMEP model simulations and output for analysis of critical loads

were prepared at two different resolutions (ca 14 km and 56 km grid size). Emissions were

the same as used for the scale dependency report 2. The CL data base used is the most recent

held at the Coordination Centre for Effects (CCE) of the ICP Modelling and Mapping and

described in Posch et al. (2011), with updates in Posch et al. (2012). This data base is also

implemented in CIAM’s GAINS model and currently used in scenario analyses for the Euro-

pean Commission’s revision of the Thematic Strategy on Air Pollution. The database consists

of about 2.5 million sites for which critical loads of acidity and/or nutrient N (eutrophication)

have been computed (both CLs are available for most sites), covering an area of about 3.9

million km2.

A critical load (CL) characterises the sensitivity of an ecosystem to S and/or N deposi-

tion, and if the deposition is greater than the CL, the CL is said to be exceeded (with harmful

effects in the long run). For a single site the exceedance of the nutrient N, CL is simply the

difference between the total N deposition and the critical load value. In the case of acid-

ity, to which both S and N contribute, the CL is characterised by a so-called critical load

function, and the exceedance is defined as the distance to this function; for details see ICP

Mapping and Modelling (2010) (Umweltbundesamt). Note that non-exceedance is assigned

the value zero (not a negative number). To characterise the exceedance with a single num-

ber for a region (grid cell, country, group of countries), the so-called average accumulated

2EMEP/MSC-W Technical Report 1/13 Joint TFMM & MSC-W.
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exceedance (AAE) has been defined: If Exk is the (zero or positive) exceedance and Ak the

area of site k, and there are N sites in the region of interest, then the AAE is defined as: AAE

= (A1Ex1+...+ANExN )/(A1+...+AN ), i.e., the area-weighted exceedances within the whole

region.

On average, using output from the two different resolutions, exceedances are little different

but consistently lower for the finer grid. The ecosystem area at risk, where the exceedance is

greater than zero, and the AAE for acidity and nutrient N on the European and EU28 territory

is shown in Table 4.1. The differences are consistent with the differences in the depositions:

the average deposition onto the European ecosystem area is slightly higher for the TNO56

grid output than for the TNO14 output (390 vs. 383 mgS/m2 and 719 vs.702 mgN/m2). It

shows that for a European-wide assessment the deposition on the 56 km grid is of sufficient

quality and will not change with a change in grid. This might be different, however, when

looking at a regional or local level.

Table 4.1: Ecosystem area exceeded and average exceedance (AAE) for acidity and nutrient N critical

loads in the EU28 region and in the whole of Europe using depositions modelled on the TNO56 and

TNO14 grid, using meteo and emissions from 2009. Corresponding results from this years report of

2011 conditions are given for comparison.

Region Grid

Acidity Critical Loads Nutrient N Critical Loads

Area exc. AAE Area exc. AAE

(%) (mol ha−1a−1) (%) (mol ha−1a1)

EU28
TNO56 8.54 30.0 65.4 260.0

TNO14 8.18 28.2 64.4 243.7

EMEP-2011 6.8 19.9 63.4 230.5

Europe
TNO56 5.90 18.6 58.8 193.6

TNO14 5.78 17.4 58.1 184.1

EMEP-2011 4.8 12.9 59.5 180.0

To investigate whether there are significant differences on a local (grid) scale we compare

European maps of exceedances (Figs. 4.2 and 4.3). Different combinations of deposition data

at TNO56 and TNO14 and displaying the CL in respectively the three resolutions (including

also the intermediate TNO28 resolution) have been tested. The most straight-forward results

are those in the top-left (deposition at TNO56 and CL at TNO56) and bottom-right corners

(deposition at TNO14 and CL at TNO14) of the figures. Obviously, the TNO56 map gives

a much cruder picture; and the TNO14 map reveals the variability of both the critical loads

and (potentially) the depositions within the larger grid cells. To reveal the influence of the

difference in the depositions alone, one has to look at maps using deposition on two resolu-

tions but CL displayed on the same resolution: Either both displayed on a TNO56 grid, i.e.

the exceedances on the 4 × 4 TNO14 grid cells aggregated to a single number on the corre-

sponding TNO56 cell; or both mapped on the TNO14 grid, i.e. all 4 × 4 grid cells receiving

the same deposition in case of the TNO56 model output. It appears in both cases there are

differences, but they are small. The TNO56 grid display overemphasises high exceedances,

i.e. large black grid cells, although the high exceedances are constraint to a few small cells

within the larger one, as can be seen when looking at the TNO14 maps (e.g. in the Po-valley

in northern Italy).
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Finally, in the centre rows of both figures the TNO56 and TNO14 model results are dis-

played on the TNO28 grid, the one for which source-receptor matrices were available, e.g.

for the revision of the TSAP, and which is currently used in integrated assessment. A look at

the TNO28 maps shows, that they are quite comparable, with the TNO14 model output still

showing a better spatial differentiation. Possibly the TNO28 model output (not available for

comparison here in this chapter) is the right compromise between accuracy and ease of use

(in terms of resources) for assessments on a European scale.

The corresponding results from 2011, as reported in this status report, are given as well in

Table 4.1 to illustrate that emissions (different in TNO56 than in EMEP) and meteorological

conditions (2011 vs 2009) have a similarly large influence on average exceedance indicators

than a grid change. It is interesting to note that especially for the critical nitrogen exceedances

the grid change has a relatively large impact though, at least as compared to the difference

between the TNO56 and standard EMEP emission based simulation result.
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Figure 4.2: Average accumulated exceedance (AAE, in molc ha−1 a−1) of acidity critical loads, using

the TNO56 deposition (left column) and the TNO14 deposition (right column). The AAE is displayed

on the TNO56 (top) TNO28 (centre) and TNO14 (bottom) grid. Note that the size of the coloured grid

cells is proportional to the ecosystem area exceeded in the respective cell
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Figure 4.3: Average accumulated exceedance (AAE, in mol ha−1 a−1) of nutrient N critical loads,

using the TNO56 deposition (left column) and the TNO14 deposition (right column). The AAE is

displayed on the TNO56 (top) TNO28 (centre) and TNO14 (bottom) grid. Note that the size of the

coloured grid cells is proportional to the ecosystem area exceeded in the respective cell
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CHAPTER 5

Application of a coupled WRF/EMEP MSC-W model

Massimo Vieno, Stefan Reis, Tove Svendby, Sverre Solberg, Philipp Schneider, Li Liu,

Maciej Kryza, Malgorzata Werner, Kinga Walaszek and Peter Wind.

5.1 Introduction

In recent years the EMEP MSC-W model (Simpson et al. 2012) has been extended and up-

graded to allow it to operate with different projections and meteorological drivers. This en-

ables the EMEP MSC-W model to be applied at regional scale (i.e. for the country or land-

scape) with horizontal resolutions varying from 50 km × 50 km to 5 km × 5 km and to 1 km ×
1 km.

Currently the EMEP MSC-W model is applied for regional studies in the UK, Croatia,

Denmark, Norway, Peoples Republic of China, and Sweden. Although not all EMEP regional

applications are using the Weather Research and Forecast model (WRF) as meteorological

driver this section will solely focus on the EMEP-WRF model setup, specifically on the ex-

amples of the UK, Peoples Republic of China, and Poland.

The easy availability, with a GNU General Public Licence (GPL), as well as the global

coverage of the initial and boundary conditions (IC, BC) makes the WRF model an excellent

choice as an alternative meteorological driver for non-standard and country domain applica-

tions of the EMEP MSC-W model where the preparation of ECMWF meteorological fields is

too cumbersome.

5.2 The WRF model Setup

The WRF model is a mesoscale numerical weather prediction model designed to serve both

operational forecasting and atmospheric research needs. WRF is freely available and has a

large and active user base all over the world. It is designed to be a flexible, state-of-the-art

71
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non hydrostatic numerical weather prediction model (NWP) suitable for use in a broad range

of applications across scales ranging from meters to thousands of kilometres. The model

consists of the WRF Pre-processor System WPS (used to create the necessary input files for

the WRF model) and the meteorological model WRF (http://www.wrf-model.org).

The work discussed here is based on WRF version 3.xx with input data from NCEP (Na-

tional Centers for Environmental Prediction) which is part of the US National Oceanic and

Atmospheric Administration (NOAA). For the forecast application the NCEP Global Forecast

System (GFS) data, which are provided on a grid with 1.0◦× 1.0◦resolution in GRIB2 format

are used with a 3-hour forecast data frequency. For historical model runs the final ”FNL”

Operational Global Analysis data (computed with the same model as GFS) are used.

The WRF model options allow to use the same vertical resolution, coordinate system

(sigma coordinates) and number of layers in WRF as in the EMEP model. Thus, there is no

need for vertical interpolation of meteorological data.

5.3 EMEP-WRF model application for the UK

Figure 5.1: The EMEP4UK Greater European domain, modelled at 50 km × 50 km horizontal resolu-

tion, outlined in red, the nested British Isles domain, modelled at 5 km × 5 km horizontal resolution,

and finally outlined in yellow, the nested Scottish domain, modelled at 1 km × 1 km. The colour scale

indicates grid-average altitude in meters.

http://www.wrf-model.org
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This section presents the results of a nested EMEP-WRF model system for the European

domain at 50 km × 50 km, the UK domain at 5 km × 5 km, and for the Scottish at 1 km ×
1 km horizontal resolution.

The UK application of the EMEP MSC-W model is in short known as the EMEP4UK

model (Vieno et al. 2010). The EMEP4UK model domain is shown in Figure 5.1. The

EMEP4UK model uses the EMEP polar stereographic (www.emep.int) as geographical

projection. The horizontal and vertical grid is the same as the EMEP grid described in the

EMEP website (http://emep.int/mscw/index_mscw.html) of the EMEP 50 km ×
50 km grid European model domain (prior to 2008 www.emep.int). Two nested domain

(5 km × 5 km and 1 km × 1 km) in a telescopic configuration are then used for the UK and

Scotland, respectively, as illustrated in Figure 5.1.

An example of the spatial distribution of the 2008 NOx total annual emissions used in

the EMEP4UK model for all 3-model domains (Figure 5.1) is shown in Figure 5.2. Only the

Scottish area of the EMEP4UK model domain covered by the high resolution nest is shown

here to highlight the impact of horizontal resolution of emission input data on the spatial con-

centration variability. The emissions inputs are created using the 1 km × 1 km UK National

Atmospheric Emissions Inventory (NAEI), 5 km × 5 km shipping emissions generated by

ENTEC (ENTEC 2010) and 50 km × 50 km EMEP emissions (where no higher resolution

data is readily available) from the EMEP Centre for Emission Inventories and Projections

(CEIP).

Figure 5.2: EMEP4UK 2008 annual gridded NOx emission estimates for the Scottish zoom-in for each

resolution: European (50 km × 50 km), UK (5 km × 5 km), and Scotland (1 km × 1 km).

To illustrate what can be done, we show some preliminary results of the surface 2008 NO2

concentrations calculated by the EMEP4UK model. For each of the three domains the field is

shown in Figure 5.3. For NO2 the spatial distribution of surface concentrations is very similar

to the emissions pattern, as it is expected for trace gases mainly emitted by road transport

sources. In the European 50 km × 50 km domain, two grid squares cover the whole Scottish

Central Belt (Edinburgh-Glasgow area). The resolution effect is even more pronounced when

www.emep.int
http://emep.int/mscw/index_mscw.html
www.emep.int
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we zoom in the Edinburgh-Glasgow area as shown in Figure 5.4.

Figure 5.3: EMEP4UK 2008 annual average NO2 surface concentrations for the Scottish zoom in of

the three domains: European (50 km × 50 km), UK (5 km × 5 km), and Scotland (1 km × 1 km).

Figure 5.4: EMEP4UK 2008 annual average NO2 surface concentrations for the Glasgow-Edinburgh

area.

The effect of resolution on a secondary pollutant such as ozone is illustrated in Figure

5.5. The hourly observations from the UK automatic monitoring network are used to validate

the calculated hourly surface ozone by the EMEP4UK model. The summary analysis shown

in Figure 5.5 highlights how increasing the resolution of the EMEP4UK model may reduce
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the bias in the predicted ozone when compared with observations in urban areas, whereas for

truly rural areas the model performances are similar at different scales.

Figure 5.5: EMEP4UK and U.K. Automatic Urban and Rural Network (AURN) hourly surface ozone

for the year 2008 for two sites: Glasgow city centre (urban traffic) and Strathvaich (rural).
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5.3.1 EMEP4UK projects

The EMEP4UK model framework is funded under the contract AQ0727 by the UK Depart-

ment for Environment, Food and Rural Affairs (Defra) with the aim to develop a photochem-

istry transport model which can be applied both for scientific research and for policy decision

support.

The EMEP4UK modelling framework is currently being deployed within other research

projects, such as the AWESOME project (http://awesome.lshtm.ac.uk/) to exam-

ine the effects of air quality and climate policies on air pollutant exposures and human health

in the UK. Six-hourly, global, meteorological fields from the NCEP final analysis are down-

scaled with WRF and used to drive EMEP4UK for the period 2001 to 2010. This generates

a decade-long self-consistent estimate of a suite of potentially health-related weather indices,

gaseous concentrations and particulate loadings over the whole UK on a 5 km × 5 km grid

at sub-daily temporal resolution with no data gaps. Application of this full data set together

with similarly spatio-temporally disaggregated health metrics enables epidemiological studies

based on a multi-pollutant approach. This focus on pollution (and weather) mixtures enables a

more comprehensive characterisation of the complexity of exposures and health effects com-

pared to a traditional single pollutant focus. The potential health impacts of various climate

and emission policies are examined in further studies using WRF-EMEP-EMEP4UK driven

by climate model output instead of meteorological reanalysis, as well as the interaction be-

tween air pollution and climate change and effects on ecosystem services. The application of

the EMEP4UK model in research projects includes, but is not limited to, the EU FP7 funded

research project ECLAIRE ( http://www.eclaire-fp7.eu), the UK Integrated As-

sessment Modelling project (AQ0947) and the Global Challenge Network on Groundlevel

Ozone (Science and Technology Facilities Council, FUTURES programme, http://www.

ozone-net.org.uk).

5.4 EMEP-WRF forecast model system for Hubei/China

This section presents the development of a nested EMEP-WRF forecast model system for a

geographical domain outside Europe (Peoples Republic of China). The aim is to highlight the

flexibility of the EMEP model and to show the possibilities, limitations and challenges when

applying the nested EMEP model outside the standard domains.

Through a European project, NILU is developing an air quality forecast modelling sys-

tem for the province of Hubei in Peoples Republic of China (Figure 5.6). The system is

based on a combined EMEP-WRF model, with NILUs urban model EPISODE (Slørdal et al.

2003) applied in the innermost EMEP-WRF model domain, thus the end-product will be an

EMEP-WRF-EPISODE model system. The model setup has many similarities to EMEP4UK

(Vieno et al. 2010) with two major exceptions: The model domain is outside the traditional

EMEP/EECCA region and, secondly, the models are run in forecast mode. As in EMEP4UK

the WRF model (Skamarock and Klemp 2008) is used to produce data for meteorology and

land-use on various scales and these fields are used as input to the EMEP model.

In the following, we discuss model modifications that are needed as well as the challenges

related to emissions, boundary conditions and other input files. The main purpose is to present

the model structure. Modelling results, comparisons with measurements etc are not analysed

here. We stress that the model set-up is preliminary and in a developing phase and that major

changes may be applied before the system is put into operation.

http://awesome.lshtm.ac.uk/
http://www.eclaire-fp7.eu
http://www.ozone-net.org.uk
http://www.ozone-net.org.uk


CHAPTER 5. COUPLED WRF/EMEP MSC-W MODEL 77

5.4.1 Model set-up and geographical domains

Figure 5.6: The EMEP-WRF model domains in the Hubei project. The two nests (0.5◦and

0.1◦resolution) are marked as red rectangles.

For the model runs presented in this chapter we have used the EMEP/MSC-W model

version 4.3 with lat/lon projection for a region covering most of Peoples Republic of China.

Both the EMEP and WRF models are compiled with gfortran on a Linux cluster locally at

NILU.

In the current project WRF is run with two nests in the lat/lon projection. For the mother

domain covering most of Peoples Republic of China we use a 0.5◦grid resolution whereas

the 2nd domain is centred on Hubei with a resolution of 0.1◦(∼11 km × 11 km), as shown

in Figure 5.6. The mother domain has 122 × 70 grid cells in longitudinal and latitudinal

directions, respectively, whereas the inner domain contains 90 × 50 grid cells.

The main requirements applying for the EMEP-WRF model outside the EMEP/EECCA

region are:

Anthropogenic emissions Running the model outside the EMEP/EECCA domain normally

requires emission data other than the standard data set. If the emission is prepared

in NetCDF format the data dont necessarily need to be specified in the exact grid

domains/resolution. The EMEP MSC-W model contains routines for automatic re-

gridding and interpolation of input emission data.

Landuse Software for conversion of WRF landuse data to EMEP input data is needed (unless

the global EMEP landuse data are used). Since the landuse categories differ between

WRF and EMEP, various assumptions for scaling and lumping are needed. We have

used a conversion program developed for the EMEP4UK system (Vieno et al. 2010).
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Boundary values Lateral and top boundary concentrations of gases and aerosols are needed

as input to the EMEP MSC-W model. Whereas the standard EMEP boundary data are

developed for Europe, alternative boundary values for other regions can be read from

separate files.

We also refer to the presentation of the nested EMEP-WRF system in last years EMEP

Status report (Solberg and Svendby 2012).

5.4.2 Boundary conditions

Boundary concentrations of the chemical trace species are obtained from the EU FP7 project

MACC-II (Monitoring Atmospheric Composition and Climate). This project provides vari-

ous services and data products for free, including global day-to-day forecasts of ozone and

related species. For the Hubei project we extract daily forecasts from the MOZART model

(experiment “fnyp”, http://join.iek.fz-juelich.de/macc/workspace). The

MOZART model provides 5 days forecasts from 00 UTC. The data has a spatial resolution of

1.125◦× 1.125 ◦with 47 vertical layers with a hybrid coordinate system (η-coordinates).

In the latest version of the EMEP MSC-W model version 4.3 the use of external boundary

data has been simplified. Thus, input of MACC-II/MOZART data on η-levels are done in

a fairly simple way by including an ascii file containing the definition of the hybrid levels,

and in addition the proper settings in the namelist file (config emep.nml) have to be supplied.

Internal routines in the EMEP MSC-W take care of vertical and horizontal interpolation of

the boundary input data. The units of the boundary species may need special attention. If

the units dont match the standard units in the EMEP MSC-W, it may be necessary to include

certain changes in the EMEP MSC-W model code (i.e. in the routine Units ml.f90).

So far 15 species from MACC-II/MOZART have been included as boundary values to the

EMEP MSC-W model: O3, NO, NO2, CO, CH4, C2H6, isoprene, HCHO, PAN, SO2, SO4, sea

salt (fine and coarse, respectively) and dust (fine and coarse, respectively). These boundary

data are only applied for the outer model domain (the mother domain, Figure 5.6). Boundary

concentrations for the 2nd nest are provided by the EMEP model itself when running in nested

mode.

At this stage in the project we have been focusing on the technical model aspects and

model structure. Nevertheless, we are already performing daily EMEP-WRF air quality fore-

casts for Peoples Republic of China/Hubei, which eventually will be compared against mea-

surements. Figure 5.7 shows an example of forecasted values of daily maximum ozone. The

EMEP MSC-W model run was done 26 June 2013 and the map represents modelled ozone

values the following day. The forecasted ozone concentrations in Peoples Republic of China

ranged from 10 to 160 ppb this day.

5.5 EMEP-WRF application for Poland

The EMEP MSC-W model has been recently applied for the area of Poland with the 5 km ×
5 km grid (EMEP4PL). The first test model run was performed for January 2011. For this

period, high concentrations of SO2, NOx and PM10 were observed. These preliminary results

are briefly described below.

Meteorological data for the EMEP model were provided by the Weather Research and

Forecasting model (Skamarock and Klemp 2008). Three nested domains were defined for

http://join.iek.fz-juelich.de/macc/workspace
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Figure 5.7: EMEP MSC-W mode forecast of maximum ozone 27 June 2013. The inner Hubei nest has

a resolution of 0.1◦whereas the outer domain has a resolution of 0.5◦.

WRF model runs – d01 covering the EMEP domain with the 50 km × 50 km grid, d02 with

10 km × 10 km grid and the innermost domain (d03) covering the area of Poland with 5 km ×
5 km grid. Vertically, the resolution matches the EMEP MSC-W model. The details on the

WRF model configuration applied are provided by Kryza et al. (2012).

The EMEP4PL model is configured with two nested domains. The outermost domain is a

regular EMEP MSC-W model domain and covers the area of Europe with 50 km × 50 km grid.

For this domain, WRF derived d01 meteorology was used, together with the EMEP emission

data for year 2010. The nested EMEP4PL domain covers the area of Poland with 5 km ×
5 km grid. For this domain, WRF derived d03 meteorology was used, together with the TNO

high resolution emission inventory for the year 2007 (Pouliot et al. 2012). The EMEP4PL

emission inventory for the nested domain were prepared with GIS GRASS software.

The EMEP4PL modelled air concentrations of SO2, SO2 and PM10 for Jan 2011 were

compared with the measurements gathered at 97 air quality measuring sites in Poland, for

daily mean values. The factor of two (FAC2) statistics was calculated for all sites. The FAC2

is 0.55 for SO2, 0.75 for NO2 and 0.83 for PM10. For NO2, there is some overestimation if the

model results are compared with the measurements (not shown here), but the majority of the

high concentration peaks are properly resolved. An example of EMEP4PL model output for

PM10 monthly average is shown in Figure 5.8 for the January 2011.

5.6 Summary and outlook

Three examples of non-standard usage of the EMEP MSC-W model have been presented.

Whereas the EMEP MSC-W model is the main driver, it is built into a model hierarchy

which includes the WRF model as meteorological processor and EMEP MSC-W or MACC-

II/MOZART as provider of boundary chemical data. The main advantage of these configu-
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Figure 5.8: EMEP4PL January 2010 monthly average PM10.

rations are the possibility of running the EMEP MSC-W model largely independent of scale

and domain.

Substantial work remains before such model system as flexible as desirable. The choice of

parameter settings and selection of processes in WRF needs testing and evaluation. Further-

more, input parameters like anthropogenic emission data, landuse categories, BVOC emis-

sions all need to be evaluated with respect to measurement data.

The combination WRF and EMEP MSC-W model provides a framework for performing

detailed analysis of air pollution for virtually any region of the world with consistent and

appropriate boundary conditions. The open source nature of both codes allows virtually full

flexibility, making it possible to do special adaptations for specific needs (output of special

parameters or inclusion of non-standard processes).

Although the setup of the WRF/EMEP system is not yet put in a documented and tested

standardized procedure, the main technical challenges left are essentially involving simple

format transformations of publicly available data. The main limitation being often the avail-

ability and accuracy of the emissions source. A standard procedure for writing a WRF/EMEP

is planed to be documented between the partners involved with the support of MSC-W (within

budget limitations).

In the future the EMEP model will be further developed to allow for more flexibility, by

providing more accurate default input values, valid for any grid. The model makes use of a

large number of data, and normally only a small subset are of interest for a given project. A

goal of such development is that the user can focus on the processes of interest and can rely

on the default values for the rest.

Concretely we are currently developing flexible hybrid vertical coordinates, global default

emission datasets as well as global landuse maps for parameterization of windblown dust. In

the longer term a more user friendly interface between meteorological drivers and the EMEP

model is planned. The aim being to be able to test different WRF resolutions and to use
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meteorological data from different sources directly as input to the model.

A further development of the EMEP model that would allow an easier regional application

is the capability of the EMEP model to run in a telescopic nesting without the need to run each

domain independently. The implication of the current setup is the need of large disk space

which for small research team may be a restriction, as the 3D output necessary as boundary

condition for each nested domain may be quite large.

A WRF/EMEP user group for exchange and mutual support has been proposed at the

EMEP MSC-W model training course. Interested institutions are welcome to contact MSC-

W about being included in email lists and associated joint development projects.
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CHAPTER 6

Modelling and evaluation of trends in the EMEP framework

Michael Schulz, Anna Benedictow, Philipp Schneider, Jerzy Bartnicki,

Álvaro Valdebenito, Michael Gauss, Jan Griesfeller

6.1 Observed and modelled trends in EMEP region

6.1.1 Introduction and method

A consistent atmospheric transport simulation over long time periods allows to inspect mean

annual cycles, trends in atmospheric composition, and the stability of any model bias and its

performance over time. The agreement between emission based modelling and independent

measurements ultimately provides the most convincing argument for having achieved pollu-

tion abatement.

Trends of eutrophying and nutrifying substances have been simulated with this report’s

EMEP MSC-W model version for 1990 and the period 2000–2011, using consistent mete-

orology from one ECMWF cycle version and standard EMEP emissions for the old EMEP

domain. An accompanying model simulation, just used in this chapter, has used reported

emission data but repeatedly applied the same meteorological conditions from 2011 to all

years (called m̈eteo2011” hereafter). Due to computational constraints the years 1991-1999

had to be omitted.

The resulting model data have been compared at all European measurement sites contained

in the EMEP/EBAS database for gases, aerosol components and deposition. Using the full

EBAS database means that a considerable extension in data amount is used. This comparison

comprises for instance also weekly deposition data, not used in the standard EMEP model

verification. The evaluation has been done with the AeroCom tools and more detailed results

can be found via the AeroCom web interface1.

1http://http://aerocom.met.no/cgi-bin/aerocom/surfobs_annualrs.pl?

MODELLIST=EMEPReports&Run0=EMEP_rv4_2599_Rep2013trend
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Here we report monthly means for selected components of the sulphur cycle, as well as

oxidised and reduced nitrogen components (see Figure 6.1, Figure 6.2 and Figure 6.3). The

observations and model data are only averaged at the time and place when measurements

are available. For better visibility of the decadal trend, the corresponding annual mean value

trends are plotted in addition as figure inlet.

6.1.2 Results

Sulphur trends in model and observation, depicted in Figure 6.1, show a consistent decrease

in Europe over the years, in particular of course in the meteo2011 simulation. The meteo2011

simulation being compared to the trend run with actual meteorology shows also that the year

2011 led to relatively high surface concentrations of gases and aerosols. Monthly variation

of the sulphate surface concentration is larger than that of deposition. Modelled winter SO2

concentrations were too high in the beginning of the period. A small opposite seasonal bias

appears for sulphate aerosol and deposition, with more pronounced summer sulfate aerosol

concentration deficits in the model lately. Deposition on the other hand seems to be too

high in winter. From 2000 to 2011 both SO2 concentrations and sulphur deposition seem

to decrease more in the EMEP model simulation than in the observations (modelled: SO2:

-59% vs. observed -33%; modelled S-deposition: -45% vs. observed -39%). The bias in

aerosol sulfate concentrations stays almost constant. Observed year-to-year variability is well

reproduced by the model while the meteo2011 shows less variation.

The trends in oxidised nitrogen compounds, depicted in Figure 6.2, are clearly smaller,

respectively rather absent for NO2 and total nitrate (HNO3+NO−

3 surface air concentrations,

in particular in the observations. For NO2 and total nitrate (HNO3+NO−

3 ) the model bias

decreases from +5% (NO2), respectively +20% (total nitrate) in 2000 to being absent in recent

years on annual average. Interestingly no significant trend in bias is found for deposition of

oxidised nitrogen. For the oxidised N-parameters only deposition has decreased by -15% from

2000 to 2011, consistently in model and observations. Significant seasonal bias appears for

all oxidised N-parameters, with too high NO2 model concentrations in winter and a too large

seasonal amplitude in oxidised N-deposition. This together could indicate an uncertainty in

the chemical modelling of the oxidised nitrogen cycle.

Gaseous ammonia trends are currently impossible to evaluate due to considerable network

fluctuations and changes in measurement quality. However, Figure 6.3 shows that the com-

parison and trend for aerosol ammonium and reduced N-deposition is rather robust. Reduced

nitrogen in deposition has almost no significant trend in the same ten–year period, while am-

monium aerosol concentration seem to decline by ca. 10%. The decrease is a little steeper in

the model. Seasonal bias in reduced nitrogen deposition seems to be too low in summer in the

model.

Finally the trend evaluation as presented in this chapter is consistent with the reported

trend evaluation as discussed in chapter 3, where only the standard EMEP network data is

used, which comprises about half of the sites. The consistency indicates indirectly that the

standard EMEP network is largely well suited to monitor trends in atmospheric composition

for major sulphur and nitrogen compounds. With the exceptions discussed below.
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Figure 6.1: Trends of sulphur dioxide (upper panel), sulfate aerosol concentration (middle panel) and

sulfate wet deposition (lower panel) observed at European background stations and simulated at these

stations by the EMEP model for the period 1990-2011. Annual mean values are also shown for the

model simulation using the same meteorology throughout (green line).
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Figure 6.2: Trends of nitrogen dioxide (upper panel), total nitrate (nitric acid plus particulate nitrate)

concentration (middle panel) and nitrate wet deposition (lower panel) observed at European back-

ground stations and simulated at these stations by the EMEP model for the period 1990-2011. Annual

mean values are also shown for the model simulation using the same meteorology throughout (green

line).
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Figure 6.3: Trends of ammonium aerosol concentration (upper panel), and reduced nitrogen wet depo-

sition (lower panel) observed at European background stations and simulated at these stations by the

EMEP model for the period 1990-2011. Annual mean values are also shown for the model simulation

using the same meteorology throughout (green line).

6.1.3 Discussion and perspective for EMEP trend work

The preliminary evaluation presented here, shows that there is considerable value in a joint

exploration of gaseous precursors, aerosol components and deposition parameters. The trends,

modelled and measured, are largely consistent showing the high quality of the joint EMEP

programme. They confirm the lacking reduction of nitrogen emissions in Europe. This is of

benefit both to the model development itself and to the better understanding of the temporal

evolution of atmospheric pollution in the area of the LRTAP convention.

The trend evaluation is an interesting subject for future joint work in the framework of

TFMM. Value would be added if other groups with experience in trend analysis could join.

Also, the observational data from the EMEP network, which are of extraordinary value be-
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cause of their long-term nature, require more attention. The usage of these data from different

years requires extra attention because of changed instrumentation, protocols and personnel.

Possibly, trends are also compared among multiple models.

Particular attention needs to be put on developing consistent observational data sets for

the two recent decades, beginning in 1990. For diagnostic purposes, the model data could

be used to identify extreme outlier data in the measurement time series. Inconsistency of

instrumental records should be investigated for individual parameters, so that trends are not

a result of changes in measurement method or quality. Also, measurement sites might have

come under the influence of new local emission patterns. A final documentation of the data

selection should be made through the EBAS database, so that subsequent work can make use

of established, reproducible datasets. As these datasets might change again over time it would

be good to attach version numbers to bundled datasets.

However, the small number of data retained for instance by Tørseth et al. (2012), who

searched for consistent long-term trend data of high quality, shows that one will need to de-

velop techniques to cope with a changing network structure. Gaseous ammonia and nitric acid

are two examples, where the difficulty to measure the constituent led to a fluctuation of the

data coverage, hampering trend analysis.

Model trends should be inspected with respect to such data selection. Reasonably sized

subsets of the selected data should result in similar trends. Model bias trends evolving with

time, or persistent seasonal bias should receive particular attention for a better understanding

of trends and thus air quality policy achievements. Eventually also the reported emissions

should be inspected for potential errors.
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6.2 Atmospheric input of nitrogen to the Baltic Sea

6.2.1 Introduction

Nitrogen and phosphorus are the main nutrients which in high concentrations stimulate growth

of algae which in turn leads to imbalanced functioning of the Baltic Sea system (HELCOM,

2009). The nitrogen input entering the Baltic Sea is both airborne and waterborne, whereas

phosphorus input is mostly waterborne and only 1-4% is coming from the atmosphere (HEL-

COM 2009, 2011). Atmospheric deposition of nitrogen accounts typically for one quarter to

one third of the total nitrogen load to the Baltic Sea (HELCOM, 2005).

The Helsinki Commission (HELCOM) was established to protect the marine environment

of the Baltic Sea from all sources of pollution. This should be achieved through intergov-

ernmental co-operation of the countries around the Baltic Sea: Denmark, Estonia, Finland,

Germany, Latvia, Lithuania, Poland, Russia, Sweden and the European Union, in addition.

Eutrophication of the Baltic Sea and its negative effects are the most important problem for

HELCOM at present. The protection of the Baltic Sea from eutrophication is an important

part of the Baltic Sea Action Plan and activities of MONAS and LOAD groups. Another

important environmental problem for HELCOM is the pollution of the Baltic Sea by heavy

metals and persistent organic pollutants.

EMEP has been conducting the work on air monitoring, modelling and compilation of

emission inventories of all these pollutants for more than 30 years. Following the agree-

ment between HELCOM and EMEP, three EMEP Centres (MSC-W, MSC-E and CCC) have

been responsible for regular evaluation of the state of the atmosphere in the Baltic Sea re-

gion and have produced the annual joint summary reports with updated emissions of nitrogen

compounds, heavy metals and POPs, modelled deposition fields, allocation budgets and mea-

surement data since 1997. The first joint report of the three EMEP Centres with project results

was published in 1997 Tarrasón et al. (1997), followed by 15 yearly reports, with the last one

in 2012 (Bartnicki et al. 2012). This joint project with HELCOM, is performed by the three

EMEP Centres as a long-term on-going project. It will be continued until 2018 and proba-

bly longer, according to the present agreement. The tasks of EMEP in this project are the

following:

1. To compile and analyse measurements of selected pollutants at the HELCOM stations

on annual and monthly basis.

2. To compute annual and monthly depositions of nitrogen compounds, HMs and POPs to

the Baltic Sea and its sub-basins, based on latest available emission data.

3. To compute annual source-receptor matrices, with sub-basins of the Baltic Sea as re-

ceptors, for selected pollutants every year.

4. To prepare the joint summary report and specific indicator reports.

MSC-W of EMEP is responsible for coordination of the EMEP contribution to HELCOM

and editing the joint summary report. A large part of the EMEP work for HELCOM, concern-

ing nitrogen deposition in the period 1995-2006 was described in Bartnicki et al. (2011).

The assessment of nitrogen deposition and its trend to the Baltic Sea is especially im-

portant for HELCOM and therefore, some examples of the EMEP MSC-W model results

concerning nitrogen deposition and source-receptor matrices will be presented here.
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Figure 6.4: Left: Annual depositions to the Baltic Sea of oxidised, reduced and total (oxi-

dised+reduced) nitrogen. Unit: kt N/year. Right: The relative annual depositions of the same compo-

nents, in percent of their 1995 value.

6.2.2 Annual deposition of nitrogen

Time series of annual oxidised, reduced and total nitrogen deposition to the entire Baltic Sea

basin, for the period 1995-2010 are shown in Figure 6.4, together with the relative annual

depositions of the same components.

From this, no significant trends can be determined for atmospheric nitrogen loads entering

the Baltic Sea in the considered period, however, annual depositions of all nitrogen com-

pounds are approximately 10% lower in 2010 than in 1995. Maximum annual deposition of

oxidised nitrogen (145 kt N) and reduced nitrogen (112 kt N) to the Baltic Sea takes place

in the years 1998 and 2000, respectively. Minimum annual depositions can be noticed in the

years 2007 and 2002 for oxidised nitrogen (103 kt N) and reduced nitrogen (85 kt N), respec-

tively. Annual deposition of oxidised, reduced and total nitrogen in 2010 was respectively

9%, 8% and 9% lower than in 1995.

Calculated annual total nitrogen depositions to the six sub-basins of the Baltic Sea in the

period 1995-2010 are presented in Figure 6.5. There is also no significant trend in nitrogen

depositions to sub-basins of the Baltic Sea in 1995-2010, however annual depositions of oxi-

dised and reduced nitrogen are lower in 2010 than in 1995 in all sub-basins and in the entire

Baltic Sea basin.

Compared to 2009 deposition of oxidised nitrogen in 2010 is higher in all sub-basins (2-

26%) and deposition of reduced nitrogen is higher in four out of six sub-basins (3-28%).

Deposition of reduced and total nitrogen is lower in 2010, compared to 2009, in the sub-

basins: BES and KAT, in the southwest of the Baltic Sea.

6.2.3 Source allocation budgets

Identification of main sources contribution to nitrogen deposition is also very important for

HELCOM. As an example, the top twenty contributors to oxidised nitrogen deposition to the

Baltic Sea are shown in Figure 6.6. Germany, Poland and ship traffic on the Baltic Sea are the

three main contributors, accounting together for almost 40% of oxidised nitrogen deposition

to the Baltic Sea. There is also a significant contribution of distant sources like for example,

ship traffic on the North Sea and United Kingdom, being number five and six, respectively, in

the contribution ranking.
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Figure 6.5: Annual atmospheric deposition of oxidised, reduced and total nitrogen to six sub-basins of

the Baltic Sea for the period 1995-2010. Units: ktonnes N/year. Note: the scales for the sea regions

are different!

Figure 6.6: Left: Top twenty sources with highest contributions to annual deposition of oxidized nitro-

gen into the Baltic Sea basin in the year 2010. Unit: kt N/year. (BAS and NOS denote ship emissions

from the Baltic Sea and from the North Sea, respectively. RUE denotes the contributions from emis-

sions in the extended Russian territory.) Contributions from HELCOM countries and the Baltic Sea

ship traffic are marked green. Right: Relative contributions to the Baltic Sea from HELCOM Con-

tracting Parties, ship traffic and rest of source countries (REST), in percent of total oxidized nitrogen

deposition.



94 EMEP REPORT 1/2013

Figure 6.7: Normalised annual depositions of total (oxidized+reduced) nitrogen to the Baltic Sea in the

period 1995-2010. The actual annual depositions, as well as minimum and maximum depositions are

also shown. Unit: kt N/year.

6.2.4 Normalised depositions

The actual annual nitrogen depositions to the Baltic Sea basin are strongly influenced by the

variable meteorological conditions. There are years when annual nitrogen emissions in the

HELCOM Contracting Parties and in the entire EMEP domain has been reduced, but nitrogen

deposition to the Baltic Sea increased anyway. In case of riverine input to the Baltic Sea, the

influence of variable meteorology is limited by using the so called normalised flow and input.

On the request from HELCOM, a similar approach was developed for atmospheric deposition.

In this approach, all EMEP reported source receptor matrices are used multiple times for all

years of the considered period. For any year of interest, emissions from this year are mul-

tiplied by every available source receptor matrix and 15 different depositions are calculated

representing 15 meteorological years. A median value from these depositions is computed

and defined as normalised deposition. The results for total (oxidised+reduced) nitrogen depo-

sitions are shown in Figure 6.7. In addition, the minimum and maximum potential depositions

for each year are shown, representing the best and the worst meteorological conditions. The

actual annual values, calculated with the real meteorological conditions of a given year, are

oscillating between minimum and maximum values.

It should be stressed here that normalised depositions as well as the min/max depositions

are not replacing the actual depositions, but that they are a part of an important additional

information for decision makers.

The range between minimum and maximum potential deposition implies that meteorology

may lead to ± 20 % variation in nitrogen depositions to the Baltic Sea.

During the MONAS meeting in Tallin in March 2013, HELCOM decided that both nor-

malised depositions and normalised contributions to sub-basins should be routinely calculated

every year as a part of the EMEP contribution.
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Figure 6.8: The reduction effects of revised Gothenburg Protocol emissions on oxidized and reduced

nitrogen deposition to the Baltic Sea and its sub-basins in 2020. Here two sub-basins BES and GUB,

from Fig 6.5, are further divided: BES=SOU+WEB and GUB=BOS+BOB+ARC. Reduction is ex-

pressed in percent of 2005 normalised annual deposition.

6.2.5 Effects of Gothenburg Protocol

Estimation of the effect of revised Gothenburg Protocol on nitrogen deposition to the Baltic

Sea and its sub-basins was performed in the frame of additional project for HELCOM in 2013.

All source receptor matrices for the Baltic Sea were used again in combination with expected

2020 emissions. An example of the results is presented in Figure 6.8. The reductions of the

oxidised nitrogen deposition is relatively uniform among sub-basins and similar for the entire

Baltic Sea basin, oscillating around 20%. For reduced nitrogen depositions, the reductions

vary more among sub-basing being significantly lower, of the order of 10%. The reduction of

total (oxidised+reduced) nitrogen deposition is around 20%.

6.3 NO2 tropospheric column trends

One of the most prominent atmospheric pollutants is Nitrogen Dioxide (NO2). It is emit-

ted mostly by transportation, power plants, and industry. While NO2 concentrations can be

monitored quite well using ground-based air quality stations, such observations are only rep-

resentative of the immediate station surroundings and are generally not available in many

parts of the world. In contrast, satellite observations of atmospheric composition offer an un-

precedented perspective and allow for spatially continuous mapping at regional, continental,

and global scales. The SCIAMACHY (SCanning Imaging Absorption spectroMeter for At-

mospheric CartograpHY) instrument onboard of the Envisat satellite platform has provided

relatively high-resolution NO2 data since 2002 (Gottwald et al. 2006). Previous studies have

investigated tropospheric NO2 trends from satellite data (Richter et al. 2005, van der A et al.

2006, 2008), however they primarily used data from the Global Ozone Monitoring Experi-

ment (GOME) or a combination of this data with other sensors and thus were limited to the

GOME relatively coarse spatial resolution of 320 × 40 km2. In this study we report results

from a recent global trend analysis of SCIAMACHY NO2 data between August 2002 and

March 2012 (Schneider and van der A 2012). As the trend analysis is limited to the data from

this relatively high-resolution sensor, it was possible to be carried out at a previously unavail-

able spatial resolution of 0.25 × 0.25 degrees (roughly 30 × 30 km2). The satellite-based

trends are furthermore compared with corresponding trends in tropospheric NO2 column de-
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rived from the EMEP MSC-W chemical transport model. The model results was sampled to

most closely resemble the observations from the satellite instrument.

6.3.1 Data and Methodology

The satellite data used for this study was collected by the SCIAMACHY sensor onboard of

the Envisat satellite. SCIAMACHY is a hyperspectral passive imaging grating spectrometer

operating in the wavelength range of 214-2386 nm and has been providing data between

2002 and 2012. Datasets of monthly average tropospheric NO2 column were acquired from

the Tropospheric Emission Monitoring Internet Service (TEMIS) between August 2002 and

March 2012. The retrieval algorithm is described in detail by (Boersma et al. 2004). Version

2.3 of the retrieval algorithm was used consistently for the entire data record.

For purposes of trend comparisons, the study also made use of model data on tropospheric

NO2 column, which were obtained from the EMEP MSC-W model version rv4.4. Model

runs were performed with consistent ECMWF-IFS meteorology of the respective year and

emissions for 2000-2010 derived from the 2012 official data submissions to UNECE CLRTAP

as of June 2012 (Mareckova et al. 2012), whereas emissions for 2011 have been derived from

the 2013 official data submissions to UNECE CLRTAP as of June 2013 (Mareckova et al.

2013).

A consistent EMEP MSC-W model run spanning the period from January 2000 to Decem-

ber 2011 was available. Monthly means were computed from the hourly model output using

only the 10:00 UTC values in order to make the trend comparable to those obtained during

the SCIAMACHY overpass time. Trends were computed for both the model data as well as

the satellite data for the overlap period of August 2002 to December 2011.

In order to compute trends from the two datasets, a statistical model based on an trend anal-

ysis overview paper (Weatherhead et al. 1998) and later applied by other authors (van der A et al.

2006, 2008, Schneider and van der A 2012) was fitted to the 2002-2011 time series with

monthly samples at each grid cell. The monthly average tropospheric NO2 column at time

t (in months) is thereby modelled as

Ct = µ+
∑

4

j=1
[β1,j sin(

2πjt

12
) + β2,j cos(

2πjt

12
)] + 1

12
ωt+Rt

where µ is a constant, ω is a linear trend, and Rt is the residual variability. The sum term

represents the seasonal component, where β1,1 through β2,4 are coefficients of the fit. Figure

6.9 shows an example of the SCIAMACHY-derived time series over Eastern China and the

fitted statistical model. The linear trend component of the model (not shown in the Figure 6.9)

was then mapped on a global scale (Schneider and van der A 2012). The uncertainty of the

trend σω was computed as

σω = [ σr

n
3
2

√

1+φ

1−φ
]

where σr is the standard deviation of the de-trended residuals, n is the number of years

with available data, and φ is the first-order autocorrelation. A trend ω is considered to be

significant with a 95% confidence when |ω/σω| > tω where tω is the value of the Student’s

t-distribution for a significance level of α = 0.05 and the degrees of freedom given for the

time series (Santer et al. 2000).
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Figure 6.9: Typical time series of monthly SCIAMACHY tropospheric NO2 data (black markers) over

Eastern China and the fitted statistical model (red line) from which the linear trend was computed. The

error bars for the monthly averages indicate an error of 30%.

Figure 6.10: Comparison of the 2002-2011 average tropospheric NO2 column from SCIAMACHY

(left) and EMEP (right).

Figure 6.10 shows a comparison of the mean (August 2002 to December 2011) tropo-

spheric NO2 column as derived from SCIAMACHY data and the EMEP MSC-W model

(sampled at 10:00 UTC). The primary spatial patterns such as the areas of very high con-

centrations over the Netherlands, and the Po valley area of Northern Italy can be clearly seen

in both datasets. Many other minor features are also visible in both datasets, including main

shipping lines in the Mediterranean. It can also be observed, however, that the average levels

given by the model for central Europe (e.g. Germany and Poland) tend to be slightly higher

than those observed by SCIAMACHY.

Figure 6.11 shows the difference map. Compared to the SCIAMACHY dataset, the EMEP

MSC-W model output shows a fairly consistent bias of approximately 1-2 1015molecules/cm2

throughout most of Europe. In a few areas of very high pollution levels, such as in the Po
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Figure 6.11: Difference image of the two maps shown in Figure 6.10. Note that this map is produced

by resampling the SCIAMACHY dataset to the coarser resolution grid of EMEP. The difference was

computed as EMEP - SCIAMACHY.

Valley region, the Rhein/Ruhr area of Germany, but for example also in some large urban

areas such as London or Madrid, the model underestimates the tropospheric NO2 columns

compared to SCIAMACHY. This is also true in eastern Ukraine and parts of Turkey. In the

Israel/Lebanon area no actual emissions are used.

Figure 6.12 shows the absolute trend values for both SCIAMACHY and EMEP MSC-W

model, given for the available overlap period between the two datasets of August 2002 to

December 2011. Overall the spatial patterns in trends match very well. The large areas of de-

creasing trends in most of western and central Europe are clearly visible in both datasets. In

particular the major hotspots in the Netherlands and southern England show large reductions.

Significant reductions are also found in the northwest of Spain, a pattern which has been re-

cently explained by strong reductions of NOx emissions at several power plants in the area

(Schneider and van der A 2012). Slightly increasing NO2 concentrations can be observed in

many areas throughout eastern Europe. Overall, the EMEP trend map appear slightly more

spatially consistent and less noisy than the SCIAMACHY trend map. Figure 6.12 shows the

same trends as Figure 6.13, however it only displays grid cells for which the trends were

statistically significant at the 95% level. The grid cells with significant trends can be mostly

found over the most polluted regions in central and western Europe. The EMEP trend map ap-
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Figure 6.12: Comparison of the absolute change in tropospheric NO2 column between August 2002

and December 2011 as computed from SCIAMACHY data (left) and EMEP MSC-W model output

(right). Note that all grid cells are shown here, independent of the statistical significance of the derived

trend. For the SCIAMACHY dataset trends were only computed for grid cells with a long-term average

tropospheric NO2 column of greater than 1× 1015molecules/cm2.

Figure 6.13: As Figure 6.12 but only showing grid cells for which the trend was found to be statistically

significant at the 95% level.

pears slightly more homogeneous and thus has larger spatially contiguous areas of significant

NO2 decrease. While the SCIAMACHY dataset indicates some increasing trends in eastern

Europe (albeit mostly with a scattered spatial appearance), the EMEP model does not indicate

significantly increasing trends in eastern Europe except in one small area at the Finland/Russia

border, which is unfortunately not covered by the SCIAMACHY dataset due to the exclusions

of very low polluted areas.

In addition to trends in absolute levels of tropospheric columns, relative trends in %

per year were also computed in order to better indicate comparatively rapid changes even

in areas of low overall emissions. This has recently proven very valuable for example in

China where some very remote regions were found to exhibit increases of 20-30 % per year
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Figure 6.14: Comparison of the relative change in tropospheric NO2 column between August 2002 and

December 2011 as computed from SCIAMACHY data (left) and EMEP model output (right). Note

that all grid cells are shown here, independent of the statistical significance of the derived trend. For the

SCIAMACHY dataset trends were only computed for grid cells with a long-term average tropospheric

NO2 column of greater than 1× 1015moleculescm2

Figure 6.15: As Figure 6.14 but only showing grid cells for which the trend was found to be statistically

significant at the 95% level.

(Schneider and van der A 2012). In Europe, the differences between relative and absolute

trends are not quite as drastic. Figure 6.14 and Figure 6.15 show all trends and only the sig-

nificant ones, respectively. Again, as for the absolute trend maps, it can be seen in the relative

trend maps that in contrast to the relatively smooth and homogeneous spatial patterns exhib-

ited by the EMEP model, the relative trends derived from the SCIAMACHY dataset appears

much more scattered and noisy. This is likely due to cloud cover effects and other algorithm

issues such as calculating the correct air mass factor, which influence the accuracy of the

NO2 tropospheric column dataset. Nonetheless, even quantitatively the trend maps from both

data sources show comparable values such as an overall decrease of NO2 concentration of

approximately -4 % per year over large areas of central and western Europe.
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Figure 6.16: Time series in EMEP model and retrieved from SCIAMACHY in two representative areas

of ca 500 km2 of Western Europe, centered in Rhein-Ruhr (upper panel) and Eastern Europe, centered

near Smolensk (lower panel).

Example time series of monthly mean tropospheric NO2 were extracted from both datasets

for representative regions in western and in eastern Europe (Figure 6.16). While the model

shows a continuous signal, the satellite-based time series has some gaps due to the low number

of retrievals which prohibited the calculation of a monthly mean. Overall however, the time

series from both datasets in western Europe are fairly similar in magnitude, although the

satellite means tend to undererstimate the winter peaks as compared to the model output. The

number of valid data points for the satellite datasets in eastern Europe is significantly reduced

overall. This is particular obvious during the winter months, where persistent cloud cover

does not allow the calculation of valid monthly means.

6.3.2 Conclusions

A comparison was carried out between SCIAMACHY NO2 satellite data and NO2 column

output from the EMEP model in order to test the datasets’ respective capabilities for esti-

mating decadal trends in tropospheric NO2 column over Europe. Following the methodology

previously described in Schneider and van der A (2012), statistical models including a sea-

sonal component and a linear trend were fitted to time series of monthly tropospheric NO2

column data from the SCIAMACHY instrument as well as model output from the EMEP

chemical transport model. The resulting trends were then mapped at the European scale. In

order to make the two data sources as comparable as possible, the monthly averages for the
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EMEP MSC-W model were computed over the 10:00 UTC values only, which is consistent

with the local overpass time of the SCIAMACHY instrument. Doing so eliminates sampling

issues due to the significant diurnal cycle exhibited by NO2. Furthermore, the trends were

computed only over the mutual overlap period between both datasets, namely August 2002 to

December 2011.

In a first comparison, the long-term average tropospheric NO2 column map from both

data sources were computed. The EMEP model shows a relatively consistent positive bias of

approximately 1-2 1015molecules/cm2 throughout most of Europe as compared against the

SCIAMACHY NO2 columns. Only in some of the most polluted areas the long-term averages

from SCIAMACHY are slightly higher than the corresponding EMEP values.

Subsequently, various trend maps were produced from both data sources, both in absolute

as well as relative terms. The results indicate that the main spatial patterns in trends are

replicated quite consistently from both data sources, with regard to both negative as well as

positive changes. All the major patterns of continuously decreasing NO2 concentrations in the

most polluted regions in Europe such as the Benelux states, the Rhein-Ruhr area in Germany

and southern England are all visible. Strong decreases over northwestern Spain which are due

to significant NOx reductions at several power plants in the area are also well replicated by

the model.

The largest differences can be seen in terms of the statistical significance of the trends

where the EMEP model trend map shows a much smaller number of grid cells with signif-

icantly increasing trends in eastern Europe. On the other hand, the areas of significantly

decreasing NO2 concentrations of around -4 % per year in most of central and western Europe

have a more homogeneous and spatially contiguous structure in the EMEP-based trend map

than in the SCIAMACHY trend map.

Overall it is promising to see that two completely independent sources of information on

tropospheric NO2 data provide such similar results. While some small differences in terms

of absolute concentrations were found between the satellite data and the model, these are

likely consistent through time and thus do not have a significant impact on the resulting trend

estimates. Mainly looking at the spatial patterns in trends at the European scale it can be

concluded that both the SCIAMACHY NO2 column dataset and the NO2 data from the EMEP

MSC-W model provide quite similar trend estimates, particularly given the associated trend

uncertainties.
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CHAPTER 7

Global to regional model calculations

Jan Eiof Jonson, Valiyaveetil Shamsudheen Semeena and Michael Schulz

7.1 Introduction

The work presented here is ongoing, and may be seen as preliminary as test runs for the new

set of global (and regional) source receptor runs to be made within the framework of the Task

Force of Hemispheric Transport of Air Pollutants (TF HTAP) http://www.htap.org/

later this year when the emission data for this project become available. With new sets of

emissions the model runs will be repeated with calculations for more years. Additional sen-

sitivity studies and source receptor calculations for more regions will also be performed. The

emissions used in the global model calculations are from the ECLIPSE project (Evaluating

the Climate and air quality Impacts of Short-lived pollutants). The ECLIPSE project aims to

develop and assess effective emission abatement strategies for short-lived climate agents, see:

http://eclipse.nilu.no.

The EMEP MSC-W model has been used, and will be used, in the future, for nesting global

and regional model calculations, as was described in (Jonson et al. 2012). In that report it was

shown that the regional model results were not very sensitive to the temporal frequency of the

update at the lateral boundaries, and that monthly averaged lateral boundary concentrations

would be sufficient. In order to comply with the requirements set by TF HTAP we have used

here 3 hourly temporal resolution.

Furthermore, here we have also included model calculations comparing the effects on air

pollution with future emission scenarios that are not planned for TF HTAP. The global model

calculations have been made with a 1 × 1 degree model resolutions with emissions for 2010

and 2030 emission scenario from ECLIPSE. A set of regional model calculations have been

made with nesting of the global model results. The regional model calculations have been

made with an approximate 28 km resolution (1/2 × 1/4 degrees) and the grid is called TNO28.

The nested regional model calculations have been run with 2010 emissions in addition to three
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sets of 2025 TSAPHTAP emission scenarios exploring further European mitigation options

in combination with the global 2030 emission scenario. All these set of simulations are per-

formed for two meteorological years, 2008 and 2009. We have used abbreviations to represent

the simulations and those are listed in the Table 7.1. Hereafter these abbreviations will be used

in the text to represent each of the simulations. All model calculations for different scenarios

are listed in Table 7.2.

Table 7.1: Abbreviations used to represent the model simulations

Abbreviations Discription

GP Global domain simulation for present emission scenario

GF Global domain simulation for future emission scenario

RP Regional domain calculation for present emission scenario

RPR Regional domain calculation for present emission scenario

with normal BC

RBC Regional domain calculation for present emission scenario

with BC from GP simulations

RCOB Regional domain calculation with TSAPHTAP COB emission scenario

Rb44 Regional domain calculation with TSAPHTAP b44 emission scenario

RMFR Regional domain calculation with TSAPHTAP MFR emission scenario

Table 7.2: List of model simulations described in this chapter. BC refers to the boundary concentrations

used in the nesting experiments. Reg. is the regular setup used as boundary concentrations as described

in Simpson et al. (2012). Average of GP1 and GP2, RP1 and RP2 for 2008 and 2009 meteorological

years are referred to in the text as GP and RP and so on.

Run Grid Resolution Met Year Emission Scenarios BC

GP1 1 × 1 degree 2008 ECLIPSE 2010

GP2 1 × 1 degree 2009 ECLIPSE 2010

GF1 1 × 1 degree 2008 ECLIPSE 2030

GF2 1 × 1 degree 2009 ECLIPSE 2030

RP1 TNO28 2008 TSAP 2010 GP1

RP2 TNO28 2009 TSAP 2010 GP2

RPR1 TNO28 2008 TSAP 2010 Reg

RPR2 TNO28 2009 TSAP 2010 Reg

RBC1 TNO28 2008 TSAP 2010 GP1

RBC2 TNO28 2009 TSAP 2010 GP2

RCOB1 TNO28 2008 TSAPHTAP COB 2025 GF1

RCOB2 TNO28 2009 TSAPHTAP COB 2025 GF2

Rb441 TNO28 2008 TSAPHTAP b44 2025 GF1

Rb442 TNO28 2009 TSAPHTAP b44 2025 GF2

RMFR1 TNO28 2008 TSAPHTAP MFR 2025 GF1

RMFR2 TNO28 2009 TSAPHTAP MFR 2025 GF2
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In Jonson et al. (2012) it was shown that the global model calculations overpredicted sur-

face ozone in the mid northern latitudes in the late winter and spring months, and that this

overprediction was carried across to the nested regional model runs. In HTAP (2010), and in

several peer reviewed papers using data from TF HTAP (Fiore et al. 2009, Shindell et al. 2008,

Jonson et al. 2010) it was shown that the spread in surface ozone between individual global

models is large, reflecting the large uncertainties in these calculations. In Jonson et al. (2012)

it was also shown that using an ozone climatology constrained by monthly averaged clean

sector measurements at Mace Head, Ireland as described in Simpson et al. (2012) resulted in

a better match to ozone measurements in the regional model calculations. However, a clear

advantage with the nested model runs is that air pollution originating outside the regional

model domain can be attributed to its sources.

Below we attempt to extend the study of the import of air pollutants originating outside

the regional model domain to other air pollutants as CO and PM2.5.

(a) Mace Head, Ireland (b) Heimaey,Iceland

(c) Kollumerwaard, The Netherlands (d) Newglobsow, Germany

(e) Jungfraujoch, Switzerland (f) Izana, Canary Islands

Figure 7.1: Measured and model calculated monthly averaged CO in ppbv at selected sites for the year

2009.
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CO has a long lifetime in the atmosphere, and can be advected between continents. The

main sink is the reaction with OH. Main sources are emissions, and oxidation of methane

and other NMVOC (Non Methane Volatile Organic Carbon). Over polluted continents as

Europe the main source is emissions. Figure 7.1 shows the measured and model calculated

CO levels at selected sites in 2009. Modelled CO levels are shown both for the nested model

runs RP2 and the model run with regular boundary concentrations, RPR2. Both sets of model

calculations reproduce the seasonal CO cycle with a winter/spring maximum and a summer

minimum, but CO is underpredicted at most sites in both sets of model calculations. Both

Mace Head in Ireland and Heimaey in Iceland are in the inflow region to Europe, measuring

air masses most of the time unaffected by European sources. At both these sites CO from

the nested model run RP2 is markedly lower than CO calculated with the regular boundary

concentrations, RPR2. At Jungfraujoch, at more than 3500 m.a.s.l, there is actually a small

overprediction of the measurements. It is however difficult to draw conclusions from this site,

as the model topography is at a much lower altitude than the actual measurement. There is

a tendency for the difference between the two sets of model calculations to decrease from

west to east as airmasses pick up emissions. It is markedly smaller over continental Europe

(Neuglobsow in Germany) compared to Mace Head and Heimaey, and has almost entirely

disappeared at Izana on the Canary Islands, typically an outflow region in the regional model

calculations. The reasons for the general underpredictions are currently unclear, but could be

related both to an underestimation of the sources as well as an overprediction of global OH

levels.

The typical residence time of PM2.5 in the atmosphere is a few days only. We do therefore

not expect marked signals of PM2.5 in air masses advected over large distances such as across

the Atlantic. There are however large sources of dust over Africa. Episodic dust events

originating in Africa, occur in particular in the Mediterranean parts of Europe. Such African

dust events originating in Northern Africa are observed at measurement sites and may serve as

a test of the model parametrisation of boundary conditions. The model domain selected for the

TNO28 regional calculations does however already include a large portion of Northern Africa.

Running the model without nesting (RPR versus RP) results in only minor changes in PM2.5

dust events at the measurement sites in Southern Europe, suggesting that the main source

regions of African dust affecting Europe is included in the regional model domain. Figure 7.2

a and b shows the measured and model calculated PM2.5 concentrations at Aiya Marina in

Cyprus for both years. At both year the main dust episodes take place in winter and spring.

Figure 7.2 c, d, e and f shows PM2.5 concentrations for two sites in southern Spain (Viznar

and Cabo de Creus). In particular at Viznar the African dust episodes can be identified with

clear peak values. The model calculated PM2.5 concentrations in the current TNO28 model

domain are markedly higher for the African dust events than the regional EMEP MSC-W

model calculations in other chapters of this report.
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(a) Ayia Marina Cyprus, 2008 (b) Ayia Marina Cyprus, 2009

(c) Viznar Southern Spain, 2008 (d) Viznar Southern Spain, 2009

(e) Cabo de Creus Spain, 2008 (f) Cabo de Creus Spain, 2009

Figure 7.2: Measured and model calculated PM2.5 (µgm−3) at selected sites in Cyprus and Southern

Spain for the year 2008 (left) and 2009 (right).

7.2 Transcontinental effects

Model calculations have been made based on the emissions for the years 2008 and 2009. The

discussion below is limited to boundary layer ozone, focusing on Europe. For other pollutants,

as particles, the trans continental contribution is likely to be much smaller.

Figure 7.3 (a) shows annually averaged ozone in ppb for the year 2008. High ozone

levels are in particular seen over the Tibetan plateau. Ozone levels generally increase with

height, and this is the cause of the high ozone levels here. High levels are also seen over

North America, East Asia and around the Mediterranean sea, and here the elevated ozone

levels are caused by regional emissions of ozone precursors. Figure 7.3 also shows the effects

of 20% emission reductions (Base run - 20% perturbation) in EU27 including also Norway

and Switzerland (b), Canada and USA combined (c) and China (d). Even though the largest

calculated effects of emission reductions over N. America, EU and China are seen over the
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(a) Global ozone 2009, annual average (b) 20% reduction in EU emissions

(c) 20% reduction in NA emissions (d) 20% reduction in CH emissions

Figure 7.3: a: Annually averaged surface ozone. b: Effects of 20% reductions in all EU emissions

(EU defined as EU27 + Norway and Switzerland). c: Effects of 20% reductions in all NA emissions

(defined as Canada and USA). d: Effects of 20% reductions in all Chinese emissions.

source region and directly downwind, marked effects on ozone are also seen throughout the

northern mid latitudes, with the largest transcontinental effects in the Spring months.

Zooming in on Europe, Figure 7.4 shows the effects of the 20% emissions reductions (Base

run 20% reductions) in N. America (NA), Europe (EU) and China (CH) on European ozone

levels split into seasons. In winter ozone production is low over the source continents, leaving

only small amounts to be transported from other continents (North America and China) to

Europe. In large parts of Europe there is widespread titration of ozone. As sunlight returns in

spring, ozone production increases and the effects of intercontinental transport of ozone reach

its annual maximum. In summer local/regional ozone production is at its maximum in Europe

(as well as in other source regions). For transcontinental transport high local and regional net

ozone production is counterbalanced by a shorter lifetime of ozone in the atmosphere in the

summer. The transcontinental contribution to ozone in Europe again increase in the autumn.

7.3 Impacts of future emissions scenarios

In this section the model calculated effects of present (2010) and future (2025/2030) emission

scenarios are compared. Furthermore the global model runs have been nested to a set of re-

gional model runs with present and future emissions as defined in the Thematic Strategy on

Air Pollution (TSAP) http://ec.europa.eu/environment/air/review_air_

policy.htm. All model runs discussed below have been averaged over the two meteoro-

logical years 2008 and 2009. The model runs are listed in Table 7.2. Furthermore the model

calculated averages for daily maximum ozone in winter and summer, and the annually aver-

aged PM2.5 levels are listed in Table 7.3 for the reference scenarios GP and RP along with

the differences between scenario runs and the reference runs averaged over the 3 regions NW

Europe, SW Europe and E Europe illustrated in Figure 7.5. In Table 7.3 there are marked dif-

ferences between daily maximum ozone calculated with the global and the regionally nested

http://ec.europa.eu/environment/air/review_air_policy.htm
http://ec.europa.eu/environment/air/review_air_policy.htm
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(a) NA effect on Europe, winter (b) EU effect on Europe, winter.

(c) NA effect on Europe, spring. (d) EU effect on Europe, spring.

(e) NA effect on Europe, summer. (f) EU effect on Europe, summer.

(g) NA effect on Europe, autumn. (h) EU effect on Europe, autumn.

Figure 7.4: Effects of 20% reductions of all antropogenic emissions in North America in a: winter, c:

spring, e: summer and g autumn. Effects of 20% reductions of all antropogenic emissions in EU27 +

Norway and Switzerland in b: winter, d: spring, f: summer and h autumn. Figure continues on next

page.
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(a) CH effect on Europe, winter. (b) CH effect on Europe, spring.

(c) CH effect on Europe, summer. (d) CH effect on Europe, autumn.

Figure 7.4: continued. Effects of 20% reductions of all antropogenic emissions in China in i: winter,

j: spring, k: summer and l autumn.

model versions for the same three areas, in particular in winter. In a similar modelling ex-

periment such marked differences between global and regional nested runs were not seen

(Jonson et al. 2012). The reason could be that contrary to the present study, emissions in the

global and regional model calculations were (virtually) identical.

Table 7.3: Average daily maximum ozone (ppb) in winter (MAX ozone Wi) and summer (MAX ozone

Su) and annual PM2.5 in µgm−3. Referring to the mask in Figure 7.5 NW is NW Europe, SW is SW

Europe and E is Eastern Europe. Run refers to the model scenario notation introduced in Table 7.2. The

Table lists the calculated levels for the global and regional reference runs and the difference between

the scenario runs and the reference runs.

MAX ozone Wi Max ozone Su PM2.5

Run NW SW E NW SW E NW SW E

GP 40 42 41 43 51 50

GF - GP 0.6 -0.4 -0.2 -4.4 -6.8 -5.3

RP 35 42 35 42 51 50 5.3 7.1 9.8

RCOB - RBC -0.7 -1.0 -0.7 -0.7 -0.8 -0.7 -0.03 -0.03 -0.03

RCOB - RP 1.0 0.3 0.7 -4.5 -7.5 -6.8 -1.3 -2.0 -2.8

Rb44 - RP 1.1 0.1 0.4 -4.9 -8.4 -7.6 -1.7 -2.7 -4.0

RMFR - RP 1.1 -0.1 0.3 -5.5 -9.3 -8.5 -1.9 -3.0 -4.4
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7.3.1 Global model calculations with future emissions scenarios

Figure 7.5: Regional mask for Europe. Brown:

NW Europe (west of Baltic Sea). Light green: SW

Europe (France follows provinces level at ca. 46

N). Dark red: Eastern Europe.

Figure 7.6 shows the difference in surface

ozone calculated with 2030 and 2010 (GF -

GP) emissions, split by season (see Table 7.2

for naming convention of the model runs).

The left hand side of the figure, displaying

the full global domain, shows substantial in-

creases in daily maximum ozone levels from

2010 to 2030 over Africa - south of Sahara-

, and large parts of Asia for all seasons. In

particular large increases are calculated over

the Indian subcontinent. Over parts of North

America and Europe daily maximum ozone

levels are projected to increase in winter as

a result of less NOx titration and in gen-

eral decrease in the rest of the year. Focus-

ing on Europe (Figure 7.6, right hand side)

shows an increas in calculated daily maxi-

mum ozone levels over the western European continent north of the Alps in winter. For the

rest of the year calculated ozone levels decrease virtually everywhere except in the North Sea

region in the autumn. Ozone reductions are particularly strong over Italy in summer. The

strong reductions here are caused by a combination of high emissions of ozone precursors

in 2010 and strong insolation. The average daily maximum ozone revels for NW Europe,

SW Europe and E Europe and the differences between the model runs with 2030 versus 2010

emissions are listed in Table 7.3.

7.3.2 Regional nested model runs with TSAP emissions scenarios

Regional model calculations with present and future emission scenarios have been made by

nesting the global model calculations described above (Table 7.2). Emission scenarios for year

2025 are from IIASA and have been produced for the revision of the TSAP 1 and the TFHTAP.

The three scenarios considered here are the reference Cost-Optimal Baseline (COB), similar

to CLE, the central case optimised scenario (b44) and the Maximum Feasible Reductions

(MFR) scenario. In the b44 and MFR scenarios only the EU28 have their emissions reduced

below the COB level.

COB: The baseline projections consider a detailed inventory of national emission control

legislation (including the transposition of EU-wide legislation); EU and Member States have

issued a wide body of legislation that limits emissions from specific sources, or have indirect

impacts on emissions through affecting activity rates. The scenario assumes that these regula-

tions will be fully complied with in all Member States according to the foreseen time schedule.

For the non-EU countries, calculations assume the activity projections and current legislation

control measures that have been used for the negotiations of the revised Gothenburg protocol.

b44 This scenario is an update of the A5 optimised scenario (described in the TSAP Report

1http://www.iiasa.ac.at/web/home/research/researchPrograms/

MitigationofAirPollutionandGreenhousegases/TSAP-review.en.html

http://www.iiasa.ac.at/web/home/research/researchPrograms/MitigationofAirPollutionandGreenhousegases/TSAP-review.en.html
http://www.iiasa.ac.at/web/home/research/researchPrograms/MitigationofAirPollutionandGreenhousegases/TSAP-review.en.html
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(a) NA effect on Europe, summer. (b) EU effect on Europe, summer.

(c) NA spring, ozone 2030 - 2010. (d) EU spring, ozone 2030 - 2010.

(e) NA summer, ozone 2030 - 2010. (f) EU summer, ozone 2030 - 2010.

(g) NA autumn, ozone 2030 - 2010. (h) EU autumn, ozone 2030 - 2010.

Figure 7.6: Difference in global ozone levels calculated with 2030 versus 2010 emissions. Left hand

figures shows the global domain. The right hand figures are from the same data set, but focusing on

the European part of the model domain.

#10 2 and is a result of the consultation between the Commission and IIASA. While the health

targets (YOLL) remain in B44 as in A5 (European wide target of 75% gap closure), the B44,

2http://www.iiasa.ac.at/web/home/research/researchPrograms/

\MitigationofAirPollutionandGreenhousegases/TSAP-review.en.html

http://www.iiasa.ac.at/web/home/research/researchPrograms/  MitigationofAirPollutionandGreenhousegases/TSAP-review.en.html
http://www.iiasa.ac.at/web/home/research/researchPrograms/  MitigationofAirPollutionandGreenhousegases/TSAP-review.en.html
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also includes European wide targets for ozone and eutrophication, allowing for more stringent

gap closure, i.e., 46% for ozone and 82.5% for eutrophication. Finally, the b44 allows also

further (beyond COB) measures for non-road machinery.

MFR This scenario explores to what extent emissions of the various substances could be

further reduced beyond what is required by current legislation, through full application of

the available technical measures, without changes in the energy structures and without be-

havioural changes of consumers. However, the MFR scenario does not assume premature

scrapping of existing capital stock; new and cleaner devices are only allowed to enter the

market when old equipment is retired.

Regional COB emissions versus present emissions

Figure 7.7 shows the calculated differences, RCOB - RP split into season on the left hand side

of the figure (see Table 7.2 for naming convention of the model runs) The right hand side of

the figure shows the effects of changing only the lateral boundary concentrations (RCOB -

RBC). Changing only the boundary concentrations, ozone levels decrease for all seasons over

the whole regional model domain, with the exception of the southeast corner. The largest

decrease was calculated for the spring months. This is also shown for winter and summer in

Table 7.3 (RCOB - RBC) for the three European regions. In the table the effects on PM2.5

levels from differences in lateral boundary concentrations are shown to be negligible. These

changes in daily maximum ozone are relatively small compared to the calculated changes in

ozone including regional emissions changes for year 2025 versus 2010 (RCOB - RP). Even

though the absolute values differ, these differences are very similar to those calculated for

present versus future emissions over Europe in the global model calculations discussed in

section 7.3.1, with widespread ozone titration in winter in north and central Europe, and large

ozone reductions, in particular in Italy, in the summer months. In order to derive the ozone

changes caused purely by changes in regional emissions, the effects of the lateral boundaries

(RCOB - RBC) should be subtracted from the effects of the other scenarios.

Effects of additional EU control measures in 2025

Regional model calculations have also been made with the b44 and MFR future scenarios

with additional emission reductions in the EU28 countries. Figure 7.8 shows the effects of

these additional emission control measures compared to COB for daily maximum ozone and

PM2.5. The effects are also listed in Table 7.3 for NW Europe, SW Europe and E Europe.

With additional emission control measures in the EU28 countries, ozone and PM2.5 levels

are reduced throughout Europe (7.8 a for b44 and 7.8 c for MFR). The largest reductions

are calculated for the Mediterranean region, and in particular for Northern Italy (region SE

Europe). For PM2.5 reductions are largest in E Europe and the Mediterranean region.

7.4 Final remarks

The model calculations in this section have been made in order to test the model setup to be

used in the forthcoming TF HTAP modelling exercise, where global (and partially regional

nested) model runs will be made for the years 2008 to 2010. Model sensitivity studies will

be made with emphasis on year 2010 perturbing emissions by region and by emissions sector.

A set of EMEP MSC-W model (hemispheric) calculations was also included in the previous
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(a) Diff. ozone (ppb) BC 2030-2010, Wi (b) Diff. ozone (ppb) BC 2030-2010, Wi

(c) Diff. ozone (ppb) 2030-2010, Sp (d) Diff. ozone (ppb) BC 2030-2010, Sp

(e) Diff. ozone (ppb) 2030-2010, Su (f) Diff. ozone (ppb) BC 2030-2010, Su

(g) Diff. ozone (ppb) 2030-2010, Au (h) Diff. ozone (ppb) BC 2030-2010, Au

Figure 7.7: Difference in regional ozone levels calculated with 2025 COB versus 2010 emissions

(RCOB - RP) and when changing only the lateral boundary concentrations (RBC - RP, left). Wi -

winter, Sp - spring, Su - summer, Au - autumn.

TF HTAP modelling exercise (HTAP 2010). Model inter-comparisons showed that the EMEP

MSC-W model was close to the median for most species and most of the sensitivity studies

included in this report. Even though extensive model updates have been made since then, the

model sensitivity to emission changes in other continents has remained relatively unchanged.

Previous model calculations, along with the calculations presented here, have shown that

the global EMEP model over-predicts surface ozone in the late winter and spring months in

the northern hemisphere. Furthermore CO levels are under-predicted in Europe and in many

other sites in the northern hemisphere, but at the same time are CO from the same model
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(a) Diff. ozone (ppb), b44 - COB (b) Diff. PM2.5 (µgcm−3), b44 - COB

(c) Diff. ozone (ppb), MFR - COB (d) Diff. PM2.5 (µgcm−3), MFR - COB

Figure 7.8: Difference in regional ozone and PM2.5 levels with b44 - COB, (a and b) and MFR - COB

(c and d) emissions.

calculations overpredicted in the southern hemisphere (not shown in this report). The cause

of these deviations from measurements has so far not been identified. The model calculations

demonstrate that the modelling system is capable of attributing air pollution in Europe to

sources outside the European continent. Compared to model calculations with present emis-

sion, the future emission scenarios result in marked improvements in European air quality.

For boundary layer ozone the improvements are partially brought about by a decrease in fu-

ture lateral boundary concentrations from the global model calculations as a result of future

global emissions changes.
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CHAPTER 8

Interaction of short-lived climate forcers with air quality

Dirk Olivié, Michael Gauss, Alf Grini, Trond Iversen, Alf Kirkevåg, Øyvind Seland, and

Michael Schulz

8.1 Introduction

There is a close connection between air quality and climate evolution. Important questions

are: how will climate change over the next few decades? How will air quality be affected

by future climate change? And, which measures can be taken to mitigate both air pollution

and climate change? Certain species can affect both air quality and the radiative fluxes in

the atmosphere. Examples of these are aerosols and ozone (O3), and therefore changes in

the emissions of aerosols, their precursors, and O3 precursors might impact both air quality

and climate. Disregarding water vapour, whose contribution to global warming has been

debated (see e.g., Dessler et al. 2008), tropospheric O3 is the third most important greenhouse

gas (GHG) after carbon dioxide (CO2) and methane (CH4). Most particles, excluding black

carbon (BC), cool the climate system, masking some of the warming from longer-lived GHGs.

The presence of BC (see also Petzold et al. (2013) for the definition of BC), being a strong

absorber of solar radiation, can lead to a large variety of possible impacts including both

warming and cooling processes, the net effect of which is not straightforward to assess:

• The absorption of solar radiation by BC in the atmosphere leads to upper-air heating,

and even more so, where the underlying surface or atmospheric layer is highly reflective

(e.g. desert surfaces, snow/ice, low clouds).

• Beneath atmospheric layers of increased absorption, solar radiation may be attenuated

and the effect close to the surface may actually be a local cooling rather than a warming.

• A secondary effect of the upper air heating by BC is an enhanced long-wave radiation

as temperatures increase at these heights.

119
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• Furthermore, as a so-called semi-direct effect, the upper-air heating may increase the

static stability, thus reducing the development of deep convection and subsequent pre-

cipitation, and also leading to selective evaporation of cloud droplets at the respective

altitude.

• Coated BC may also exhibit considerable indirect effects on cloud reflectivity, leading

to cooling.

• Finally, BC deposited on snow and ice may reduce the surface albedo, thus contributing

to surface and global warming.

In addition to the impact of short-lived air pollutants on climate, future climate change

will, in turn, also impact air pollution, e.g. by changes in flow patterns, humidity, temperature

and precipitation. Such changes affect the transport, deposition, physical properties, and the

chemical and physical transformation of air pollutants. In future mitigation policies, air qual-

ity and climate change should thus be considered together. The fact that both O3 and BC are

short-lived (compared to, e.g., CO2) implies that not only air quality, but also climate benefits

can be realized in the near-term.

Since last year BC is included in the amendments to the 1999 Gothenborg Protocol to

abate acidification, eutrophication and ground-level ozone. The revision of the Gothenburg

Protocol now explicitly states that, in taking steps to reduce emissions of particulate matter,

each Party to the Convention should seek reductions from those source categories known to

emit high amounts of black carbon, to the extent it considers appropriate.

Raes et al. (2011) have made an integrated assessment of BC and O3 with focus on the

identification of mitigation strategies for these short-lived climate forcers, giving a compre-

hensive analysis of the multiple benefits of practical measures to reduce emissions of BC and

the precursors of O3. Very recently, Bond et al. (2013) assessed the impact of BC on the cli-

mate system. They quantified the top-of-the-atmosphere direct and indirect radiative forcing

(RF) of BC, and also took into account that BC is often co-emitted with other short-lived

species.

Several global model experiments have recently been used to study the anthropogenic im-

pact on atmospheric composition and climate (see Table 8.1). The CMIP5 exercise compares

the behaviour of coupled climate models. These models describe the different climate-relevant

components of the Earth, i.e., the atmosphere, the ocean, sea ice, and the land surface, and

the interactions between them. ACCMIP focuses more on historical and future changes in the

atmospheric composition (both gases and aerosols), and the impact on RF, while AeroCom

focuses mostly on the detailed study and uncertainty in RF estimates of aerosols. The resolu-

tion of the global models utilised for these studies is often much coarser than that of air quality

models, but with global coverage and with calculation on decennial to centennial time scales

they can give crucial information on the presence and impact of short-lived climate forcers

and air pollutants over time from the pre-industrial era to the end of the 21st century (or later).

In this chapter we will describe selected results from global chemistry-transport models

(CTMs) and global climate models of potential interest for EMEP. As the interaction between

climate and air pollution can be approached from different angles, and to narrow the scope of

this chapter, we will focus on three questions:

1. What is the historical impact of short-lived climate forcers?

2. What are the sources of uncertainty in the BC climate impact?
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3. How may source-receptor relationships change in the future?

Where appropriate, we will mention specifically results obtained with the Norwegian Earth

System Model (see fact box) which is jointly developed by different institutes (mainly) in

Norway. The model has participated in the CMIP5 exercise, as well as in the aerosol inter-

comparison exercise AeroCom, and is developed in close cooperation with MSC-W in the

same research department at the Norwegian Meteorological Institute.

8.2 Historical impact of short-lived climate forcers

Global anthropogenic emissions affecting the presence of short-lived climate forcers and pol-

lutants have, in general, strongly increased since 1850, although for some of them regional

reductions have been achieved. Estimates of the emissions evolution between 1850 and 2000

from Lamarque et al. (2010) show increases in the anthropogenic emissions of carbon monox-

ide (CO), nitrogen oxides (NOx), volatile organic compounds (VOCs), and sulphur dioxide

(SO2) by a factor of 10 or more, in BC and ammonia (NH3) by a factor of 5, and in organic

carbon (OC) by a factor of 2–3. Despite the strong increase in anthropogenic emissions, for

certain species natural emissions are estimated to be still of the same order of magnitude as

the current anthropogenic emissions (e.g., VOCs and CO), or to be even larger (e.g., OC). In

addition to anthropogenic emissions changes, also natural emissions might have changed. For

instance, there are indications of a reduction in global biomass burning emissions in the first

half of the 20th century due to reduced forest clearing in the mid-latitude and boreal regions

(Lamarque et al. 2010, Mieville et al. 2010). These changes in emissions directly impact the

atmospheric burden, of which an illustration is given in Fig. 8.1.

Several recent studies have made estimates of the climate impact of short-lived climate

forcers, mainly focusing on the impact of aerosols and O3. These studies can differ in

the use of their pre-industrial reference year (usually 1750 or 1850) and present-day refer-

ence year (2000, 2006, or 2010). For aerosols, some studies limit themselves to the direct

RF (e.g, Myhre et al. 2013), while some also calculate the indirect radiative forcing (e.g.,

Kirkevåg et al. 2013), and recently (e.g., Shindell et al. 2013) total aerosol forcing is also

calculated using the Effective Radiative Forcing (ERF) concept (see Table 8.2). Bond et al.

(2013) focus on BC and estimated the RF from BC between 1750–2005 at 0.71 W m−2 with

90 % uncertainty bounds of 0.08 and 1.27 W m−2. Myhre et al. (2013) estimate the direct

aerosol effect to be −0.32 W m−2 for the 1850–2000 period (or −0.35 W m−2 for the 1750–

2010 period). Kirkevåg et al. (2013), using the NorESM1-M model, estimate the direct RF of

aerosols for the period 1850–2006 to be −0.08 W m−2 and the indirect RF to be −1.2 W m−2.

For the period 1850–2000 their corresponding estimates are −0.10 W m−2 and −0.91 W m−2,

and for the period 1750–2006 they are −0.04 W m−2 and −1.53 W m−2 for the direct and

indirect effects, respectively. Shindell et al. (2013) estimate both the direct and total aerosol

effect based on the results from ACCMIP. For the direct aerosol RF (1850–2000) they find

a best estimate of −0.42 W m−2, and for the aerosol ERF −1.17 W m−2. They find that the

global aerosol direct RF peaks in most models around 1980, declining thereafter, whereas the

aerosol ERF, in contrast, becomes stronger (more negative) from 1980 to 2000.

Also tropospheric O3 has a considerable impact on RF. The tropospheric O3 burden has

increased considerably since the beginning of the industrial era: Young et al. (2013) estimate

an increase of 30 % since 1850. Stevenson et al. (2013) estimate the pre-industrial (1750) to

present-day (2010) tropospheric O3 RF to be 0.41 W m−2, and attribute this tropospheric O3
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Fact sheet: The Norwegian Earth System Model, NorESM1

NorESM1 is the first version of the Norwegian Climate Center’s numerical model for global climate and

earth system studies (see GMD – Special Issue: http://www.geosci-model-dev.net/special issue20.html)

and has been run with medium spatial resolution (1.9◦ × 2.5◦ in the atmosphere, NorESM1-M:

Bentsen et al. (2013), Iversen et al. (2013), Kirkevåg et al. (2013)) to provide results for CMIP5 and the

upcoming IPCC report (IPCC AR5).

NorESM1-M includes online integration of aerosol life-cycling, and evolution of size distributed

aerosol number concentrations and composition, as well as the link with prognostic cloud droplet

number concentrations. Transported atmospheric chemical components of interest are sulphate (SO4),

black carbon (BC), particulate organic matter (POM), sea-salt (SS) and mineral dust (DU). Aerosols

interact with radiation and cloud microphysics, and thus with the climate dynamics of the atmosphere,

ocean, sea-ice, and land surface. The effect of darkening of snow by deposited BC and DU is included

both in the land and sea-ice modules of NorESM1-M. In a research version, the atmosphere module is

also coupled with the advanced MOZART chemistry scheme (Emmons et al. 2010).
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Equilibrium climate sensitivity [K]
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The equilibrium climate sensitivity, i.e. the change in global mean near-surface temperature at new

equilibrium after abrupt doubling of CO2, is estimated to be in the lower range of 15 climate and earth

system models studied by Andrews et al. (2012).

NorESM1-M calculated annual surface air temperature anomalies relative to the 1850–1899 aver-

age. Left (Bentsen et al. 2013): historical simulations (red and blue) and observations (black), globally

(a) and north of 60◦N (b). Right (Iversen et al. 2013): anomalies for RCP2.6 and RCP8.5 (see Table 8.2)

averaged globally and over land areas. Black lines: NorESM1-M; blue and red lines: ensemble mean

over 15 other models contributing to CMIP5; grey shading: one standard deviation on each side of the

ensemble mean; blue and red shading: range defined by max and min values amongst the 15 models.
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Figure 8.1: Globally and annually averaged aerosol column burdens for particulate organic matter

(POM), SO4 (as S), and black carbon (BC) (left panel), aerosol optical depth (AOD) (upper right

panel), and aerosol optical depth for absorption (AAOD) (lower right panel) from 1850 onwards, cal-

culated online in NorESM1-M. The black curves show the evolution over the period 1850 to 2005

(only one of three ensemble members is shown). Also shown is the evolution in different scenario pro-

jections: RCP2.6 for 2005–2100 (green), RCP4.5 for 2005–2300 with negligible variations after 2150

(blue), RCP6.0 for 2005–2100 (orange), and RCP8.5 for 2005–2100 (red). The brown curves are con-

tributions to AOD and AAOD in the historical simulation by natural aerosols only, including prescribed

stratospheric sulphate from explosive volcanoes. The figure is taken from Iversen et al. (2013).

RF to increased emissions of CH4 (44 %), NOx (31 %), CO (15 %), and non-methane VOCs

(9 %). Apart from its role as GHG, tropospheric O3 also affects the formation and atmospheric

residence time of other short-lived climate forcers (e.g, as an oxidant in the formation of

secondary aerosol).

Although O3 and aerosols have a considerable impact on RF, the largest anthropogenic

impact on RF is still assumed to come from long-lived and well-mixed GHGs (CO2, CH4,

and N2O). Shindell et al. (2013) indicate for year 2000 a RF of 2.30± 0.23 W m−2 from well-

mixed GHGs, a RF of 0.43± 0.20 W m−2 from O3, and an ERF of −1.17± 0.47 W m−2 from

aerosols (w.r.t. 1850). In addition to estimating the forcing, one also tries to attribute actual

climate change and variability (in e.g. temperature and precipitation) since 1850 to possible

causes. Therefore selected single forcing simulations were made as a part of the CMIP5

protocol, and here we present some results from the NorESM1-M model. Iversen et al. (2013)

show results from three sensitivity experiments: in GHG-forcing only, all but the prescribed

GHG concentrations are kept constant at the 1850-level; in aerosol-forcing only all but aerosol

emissions are as in 1850, and in natural forcing only, only the natural contributions from solar

activity and eruptive volcanoes are varied after 1850. Figure 8.2 shows results for surface

air temperature and precipitation in these individual forcing experiments. For temperature

it appears that the simulated warming since the 1970s cannot be reproduced with natural

forcing only. Furthermore, GHGs alone lead to an exaggerated warming. When the effects

of aerosols are taken into account together with GHG and natural forcing, however, the trend

in the historical temperature record is well captured, globally. For global precipitation the

picture is much less clear, although the increase since the 1970s seems to be reproducible by

natural forcing only, at least globally. Even if the global trend in the annual precipitation is

positive, there are considerable reductions in some continental regions (Iversen et al. 2013).
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Figure 8.2: NorESM1-M single forcing simulations of the historical period 1850–2005. Response in

annual mean surface air temperature (left panel) and average daily precipitation amounts (right panel):

three historic simulations with full forcing (black), with natural forcing only (green), GHG-forcing

only (red), and aerosol-forcing only (blue). The figure is taken from Iversen et al. (2013).

8.3 Sources of uncertainty in the BC climate impact

Several factors contribute to the uncertainty in the effect of BC on climate. Firstly, large

uncertainties exist in the BC emission estimates. Bond et al. (2013) estimate the global BC

emissions to be 7.5 Tg yr−1 in 2000, with an uncertainty range of 2 to 29 Tg yr−1. In particu-

lar, there are possibly large emission uncertainties in regions where RF-efficiency is large and

where an error in BC emissions would have a considerable impact on global and regional cli-

mate. Stohl et al. (2013) have investigated possible reasons for the underestimation by many

models of BC in the Arctic. They point to the role of gas flaring and domestic combustion

contributing to high concentrations of accumulation-mode aerosols in the Arctic in winter and

early spring. They also show that a strong seasonal cycle in the domestic BC emissions can

explain part of the observed seasonal cycle. Until recently, neither gas flaring nor the seasonal

cycle of domestic BC emissions were well represented in emission data. One should also be

aware that RF, especially regionally, can be impacted by the emission amounts assumed in

the reference year (1850, 1750, or even earlier). Considerable uncertainties in the estimates

of pre-industrial biomass burning emissions and its BC component therefore affect the net

forcing of BC. Figure 8.3 shows European BC emission estimates (sum of anthropogenic and

natural) for the years 1850 and 2000 (Lamarque et al. 2010). It shows a general increase in

BC emissions over this period, but also regions with no changes or even a decrease in BC

emissions (e.g. UK).

A second source of uncertainty is related to the fact that the atmospheric residence time

of BC, its direct RF and its impact on clouds depend strongly on the interactions with other

aerosol components (Bond et al. 2013). When calculating the climate effect of BC, one must

be aware that it is often mixed with OC which is also produced during combustion. In con-

trast to BC, OC reflects much more sunlight than it absorbs. On the other hand, an internal

mixture of BC with scattering aerosols can make the particle population more absorbing. This

mixing can be caused by condensation of gaseous species on the surface of BC particles or by

coagulation of BC with other aerosols.

Removal rates, and especially wet removal, affect most aspects of the RF of BC. They

determine the lifetime of BC, its horizontal and vertical distribution, and its deposition rate

over snow and ice. Samset et al. (2013) find that, based on a model inter-comparison exercise

within the AeroCom framework, at least 20 % of the present uncertainty in modeled BC direct

RF is due to differences in the vertical profile of BC. A considerable part of this uncertainty

comes from variability at high altitudes, where BC to a large degree is located above clouds

and therefore acts to reduce the planetary albedo more efficiently.



CHAPTER 8. SHORT-LIVED CLIMATE FORCERS 125

0 40 80 120 160 200 240 280 320 360 400 x 10 -6

Figure 8.3: Annual BC emission estimates [kg m−2 yr−1] in Europe in 1850 (left panel) and 2000 (right

panel) from Lamarque et al. (2010).

Uncertainty in the impact of BC is also larger than that of GHGs, such as O3, since BC can

influence clouds, leading to impacts that are not fully understood (Bond et al. 2013). Models

disagree on the sign and magnitude of liquid-cloud and semi-direct effects, and in addition,

potentially large forcing terms and uncertainties come from the effects of BC on mixed-phase

clouds, cloud-absorption and ice clouds. This implies that the uncertainties in the indirect RF

of BC may be equal to or even larger than for the direct RF.

Finally, Bond et al. (2013) also mention that the lack of observational constraints hampers

the ability to constrain the BC effect, since e.g., observations have difficulties in attributing at-

mospheric absorption to either BC, dust, or particulate matter (POM). Research within EMEP

on BC monitoring would clearly help to study BC climate effects.

8.4 Source-receptor relationships changes in the future

Source-receptor relationships are expected to change in the future, and different factors might

contribute to this.

Firstly, changes in emissions directly impact absolute-value source-receptor relationships.

In all the RCP scenarios (see Table 8.2), aerosol-related anthropogenic and biomass burning

emissions generally decrease in the 21st century, with global mean 2100 emissions roughly

80 % lower than today for SO2, 50% for BC, and 10–40 % for POM (Shindell et al. 2013,

van Vuuren et al. 2011). An illustration of this can be seen in the evolution of the aerosol

burden in the NorESM1-M simulations for the 21st century in Fig. 8.1. For NH3 however,

emissions are estimated to increase by 10–80 % towards year 2100. Concerning O3, reductions

in its tropospheric burden are found for all RCP scenarios except RCP8.5 (Young et al. 2013).

The changes in O3 are the net result of the expected reduction in precursor emissions, doubled

methane concentrations, and a net positive impact from climate change (see below).

Source-receptor relationships might also change due to changes in flow regimes and pre-

cipitation. The estimates of these changes are, however, considerably more uncertain than the

estimates of temperature change. Iversen et al. (2013) find, using NorESM1-M, that precipi-

tation is projected to increase in the tropics, decrease in the subtropics and in southern parts of

the northern extra-tropics during summer, and otherwise increase in most of the extra-tropics.



126 EMEP REPORT 1/2013

BC

1850 1900 1950 2000 2050 2100
Time [year]

6

7

8

9

L
if
e

ti
m

e
 [

d
a

y
s
]

SO
4

1850 1900 1950 2000 2050 2100
Time [year]

3.0

3.5

4.0

4.5

L
if
e

ti
m

e
 [

d
a

y
s
]

Figure 8.4: Global lifetime of BC (left panel) and SO4 (right panel) as calculated in NorESM1-M, for

the historical period (black line) and for four RCP scenarios: RCP2.6 (green), RCP4.5 (blue), RCP6.0

(orange), and RCP8.5 (red).

Precipitation events over continents will become more intense and dry spells more frequent.

Extra-tropical storminess in the Northern hemisphere is projected to shift northwards – this

has also been diagnosed in other climate model simulations as a response to anthropogenic

GHG forcing (Yin 2005). There are indications of more frequent occurrences of spring and

summer blocking in the Euro-Atlantic sector. However, these indications are uncertain be-

cause of biases in the models’ representation of present-day conditions.

Stevenson et al. (2013) find some coherent response of O3 to climate change in ACCMIP,

with decreases of O3 in the tropical lower troposphere (due to increases in water vapour), and

increases in the sub-tropical to mid-latitude upper troposphere (due to increases in lightning

and stratosphere-to-troposphere transport).

Source-receptor relationships might also change due to changes in the chemical state of

the atmosphere. Modifications in the oxidizing capacity (mainly determined by OH and O3)

impact the lifetime of several species (e.g., CO, SO2, . . . ). There are large uncertainties in

the evolution of the OH distribution in the 21st century (Voulgarakis et al. 2013), however,

similarly to inter-model diversity in the sign and magnitude of pre-industrial to present-day

OH changes (Naik et al. 2013).

As an indicator of the fact that source-receptor relationships might change, we show

in Fig. 8.4 the evolution of the global lifetime of BC and sulphate (SO4) calculated with

NorESM1-M, for the historical period, but also for four RCP scenarios. It indicates that the

lifetime of BC peaks at the beginning of the 21st century, returning to a lower value at the

end. For SO4, the change in lifetime is less pronounced than for BC. As these lifetimes are

global numbers, their change as function of time can also be caused by changes in emis-

sion patterns exposing emitted particles to a different meteorological regime, independent of

changes in atmospheric conditions due to climate change. One should also take into account

that the current NorESM1-M version uses fixed oxidants fields for the description of the oxi-

dation in the sulphur cycle. Bell et al. (2005) have studied the impact of using online versus

offline oxidant fields for the sulphur cycle, and found that the differences are small on annual

and global scales, but that larger deviations occur on regional and seasonal scales. They also

found that online coupling leads to increases of around 20 % in surface SO4 over major SO2

source regions in the Northern hemisphere.

Finally, in addition to changes in transport, transformation rates, and deposition due to a

different climate or a modified oxidizing capacity of the atmosphere, climate change might

also lead to considerably changed natural emissions, which can impact source-receptor rela-

tionships. Natural emissions from lightning, soil activity, sea-spray, ocean biochemistry, and

biomass burning might all change in a changing climate.
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8.5 Outlook

The Norwegian Meteorological Institute (MET Norway) is participating in a number of pro-

jects assessing the impact of climate change and the representation of certain atmospheric pro-

cesses (see Table 8.3). Although NorESM1 has proven to be a valuable global climate model

for research and for providing complementary results to the evaluation of possible anthro-

pogenic climate change (e.g. Iversen et al. 2013, Bentsen et al. 2013), further improvements

in the model are necessary.

Some of the planned improvements are to include nitrate aerosol in the aerosol scheme (a

considerable number of climate models do not represent nitrate aerosol (Myhre et al. 2013)),

a better description of secondary organic aerosol (SOA) formation, and a coupling of the

interaction of aerosols with mixed-phase and ice clouds. Increased horizontal resolution in

the atmospheric module of NorESM is expected to increase the model’s ability to represent

observed flow patterns. It is expected that these modifications will also improve the model’s

capability to quantify the interaction between air pollution and climate change.

Methane, a powerful GHG with a lifetime of around 8–12 years, is relatively long-lived

compared to other major air pollutants, but much shorter-lived than well-mixed GHGs such as

CO2, N2O, or SF6. It has therefore become more and more common to consider it in the group

of short-lived climate forcers. CH4 is one of the few species for which one expects a further

increase in emissions during the 21st century. The concentration of CH4 in the atmosphere is

mainly controlled by OH, and its increase since the pre-industrial era is responsible for a large

part of the tropospheric O3 increase during the same period (Stevenson et al. 2013). A new

research project, funded by the Research Council of Norway, will support further development

of the NorESM model to include CH4 emissions and their effect on atmospheric chemistry

and climate. For instance, large release of CH4 can be expected due to climate change from

thawing permafrost (Arctic Monitoring and Assessment Programme, http://www.amap.no/).

Future versions of NorESM1 might be used to further investigate this.

In the future, links between the NorESM and EMEP model will be further strengthened.

E.g., in the PEGASOS project, meteorological fields from NorESM will be used to drive the

EMEP model. A consistent comparison of global models and the EMEP model is envisioned

through the participation of EMEP in AeroCom and RF calculations within the EMEP model.

It is also foreseen to contribute with both models to multi-model experiments, and to evaluate

the coupled aerosol-gas chemistry in NorESM with EMEP data and EMEP model results.

Both models will be used for joint exploration and analysis of future emission scenarios.
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Table 8.1: Overview of climate and atmospheric pollution related model experiments

ACCMIP Atmospheric Chemistry and Climate Model Inter-comparison

Project

Web http://www.igacproject.org/ACCMIP

Aim Evaluation of the effect of short-lived species on climate, with focus

on ozone and aerosols

Period 1850–2005 (1850, 1930, 1980, 2000), different RCP scenarios for

2005–2100 (2030, 2050, 2100)

Type AGCMs and CTMs

Result O3, aerosols, and RF

Note ACP/GMD Special Issue : http://www.atmos-chem-

phys.net/special issue296.html

AeroCom Aerosol Comparisons between Observations and Models

Web http://aerocom.met.no/

Aim Understanding of the global aerosol and its impact on climate

Period Pre-industrial (1750 and 1850) and present-day (2000 and 2006)

Type AGCMs and CTMs

Result Aerosols, RF

HTAP Task Force on Hemispheric Transport of Air Pollution

Web http://www.htap.org/

Aim Improve the understanding of the intercontinental transport of air

pollution across the Northern hemisphere

CMIP5 Coupled Model Inter-comparison Project phase 5

Web http://cmip-pcmdi.llnl.gov/cmip5/

Period 1850–2005, different RCP scenarios for 2005–2100

Type AOGCMs (Atmosphere Ocean General Circulation Models) and

ESMs (Earth System Models)

Result Climate response: e.g. temperature, precipitation, circulation, cli-

mate variability (AO, NAO, El Niño, ...)
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Table 8.2: Explanation of abbreviations

ERF Effective Radiative Forcing: The top-of-the-atmosphere net energy flux change

with ocean conditions held fixed but all other processes allowed to respond

to aerosol changes. ERF thus includes the direct RF, aerosol indirect effects

(affecting cloud albedo and lifetime), and responses of water vapor, lapse rate

and clouds to aerosol thermodynamic impacts.

NorESM Norwegian Earth System Model

RCP Representative Concentration Pathways: RCP2.6, RCP4.5, RCP6.0, and

RCP8.5. These scenarios are named by their nominal 2100 forcing relative to

year 1750 (van Vuuren et al. 2011) and have been used for the upcoming IPCC

AR5.

RF Radiative Forcing: This term has been employed in the IPCC Assessments to

denote an externally imposed perturbation in the radiative energy budget of the

Earths climate system. Such a perturbation can be brought about by secular

changes in the concentrations of radiatively active species. Typically, radia-

tive forcing is quantified at the tropopause or at the top-of-the-atmosphere. A

positive forcing generally warms the system, while negative forcing cools it.

Table 8.3: Overview of climate-related projects the Norwegian Meteorological Institute is involved in

ACCESS Arctic Climate Change, Economy and Society

http://www.access-eu.org/

CRAICC CRyosphere-Atmosphere Interactions in a Changing Arctic Climate

http://www.atm.helsinki.fi/craicc/

EarthClim Integrated Earth System Approach to Explore Natural Variability and

Climate Sensitivity

http://www.uib.no/People/ngfhd/EarthClim/

ECLIPSE Evaluating the CLimate and Air Quality ImPacts of Short-livEd Pollu-

tants

http://eclipse.nilu.no/

IS-ENES Infrastructure for the European Network for Earth System Modelling

https://is.enes.org/

PEGASOS Pan-European Gas-AeroSOls-climate interaction Study

http://pegasos.iceht.forth.gr/

IMPACT2C Quantifying Projected Impacts under 2C warming

http://www.hzg.de/mw/impact2c/

AMAP CH4-EG The Expert Group on Methane under the Arctic Monitoring and Assess-

ment Programme (AMAP)

http://www.amap.no/

COST ES1004 European Framework for Online Integrated Air Quality and Meteorol-

ogy Modelling

http://eumetchem.info/
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Kristjansson, J. E., Medhaug, I., Sand, M., and Seierstad, I. A.: The Norwegian Earth Sys-

tem Model, NorESM1-M Part 2: Climate response and scenario projections, Geoscientific

Model Dev., 6, 389–415, doi:10.5194/gmd-6-389-2013, 2013.
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APPENDIX A

National emissions for 2011 in the extended EMEP

domain

This appendix contains the national emission data for 2011 used throughout this report for

main pollutants and primary particle emissions in the extended EMEP domain. These are the

emissions that are used as basis for the 2011 source-receptor calculations. Results of these

source-receptor calculations are presented in Appendix C.

The emissions for 2011 have been derived from the 2013 official data submissions to UN-

ECE CLRTAP (Mareckova et al. 2013).

Emissions from the eruption at Grı́msvötn volcano in Iceland in May 2011 are not in-

cluded in the table, as the eruption event has not been included in the model simulations. The

reason for this is that the eruption plume reached heights up to 16 km, which is currently

above the top layer of the EMEP MSC-W model, thus the plume and its transport can not be

simulated by the current version of the model. As described in Chapter 3, extension of the

model’s vertical domain is currently under development.

Note that emissions in this appendix are given in different units than used elsewhere in

this report in order to keep consistency with the reported data.
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APPENDIX A. 2011 EMISSIONS A:3

Table A:1: National total emissions for 2011 in the extended EMEP domain. Unit: Gg. (Emissions of

SOx and NOx are given as Gg(SO2) and Gg(NO2), respectively.)

Area/Pollutant SOx NOx NH3 NMVOC CO PM2.5 PMco PM10

Albania 21 24 24 28 92 11 4 15

Armenia 29 21 16 41 131 0 0 1

Austria 19 183 62 128 609 19 16 35

Azerbaijan 94 98 68 305 564 5 1 6

Belarus 63 171 154 346 880 49 14 63

Belgium 56 210 67 101 387 17 7 24

Bosnia and Herzegovina 431 51 17 43 120 19 24 43

Bulgaria 515 136 48 91 285 29 15 45

Croatia 39 66 37 73 289 10 5 15

Cyprus 21 21 5 10 18 2 1 3

Czech Republic 169 226 66 140 382 17 16 32

Denmark 14 126 74 81 383 23 6 29

Estonia 73 36 10 33 148 26 15 42

Finland 61 153 37 107 455 37 13 51

France 255 1005 674 734 3584 173 88 260

Georgia 31 58 28 253 284 2 0 2

Germany 445 1293 563 1008 3314 111 98 209

Greece 270 296 62 187 492 54 32 85

Hungary 35 129 65 100 396 31 13 44

Iceland 81 21 5 5 18 0 0 1

Ireland 23 71 109 44 127 8 4 12

Italy 195 930 382 989 2464 128 28 156

Kazakhstan (KZT) 3309 465 852 245 1824 458 790 1248

Kyrgyzstan 29 67 32 35 445 12 11 23

Latvia 3 32 13 70 226 25 6 31

Lithuania 36 51 29 69 194 11 3 14

Luxembourg 2 48 5 9 39 2 1 3

Malta 8 8 2 3 12 1 1 1

Montenegro 28 9 3 8 23 4 3 7

Netherlands 34 259 119 144 529 14 15 29

Norway 19 178 26 138 309 37 7 44

Poland 910 851 270 652 2916 139 119 257

Portugal 47 176 47 176 372 44 19 63

Republic of Moldova 6 31 20 33 94 5 3 8

Romania 331 222 159 356 1014 109 15 124

Russian Federation (RUE) 2870 2961 1354 2762 14997 792 874 1666

Serbia 303 208 86 154 343 20 15 35

Serbia and Montenegro 0 0 0 0 0 0 0 0

Slovakia 68 85 24 68 227 29 4 32

Slovenia 11 45 17 32 148 15 3 19

Spain 489 915 381 596 1776 71 31 101

Sweden 30 145 52 177 570 29 12 40

Switzerland 10 74 63 86 231 10 10 20

Tajikistan 36 57 34 26 663 21 21 43

TFYR of Macedonia 101 40 10 25 72 7 4 11

Turkey 2652 1112 510 729 3036 247 93 340

Turkmenistan 160 65 44 34 368 45 54 99

Ukraine 1320 603 25 357 2949 41 93 133

United Kingdom 379 1033 290 752 2145 67 46 113

Uzbekistan 775 227 82 80 1223 155 236 390

North Africa 413 96 236 96 336 60 88 149

Asian areas (AST) 1470 430 881 665 3935 189 231 421

Baltic Sea 82 339 0 14 41 13 1 14

Black Sea 72 100 0 4 11 8 1 9

Mediterranean Sea 1365 1935 0 71 212 159 9 168

North Sea 192 798 0 30 88 31 2 33

Remaining N-E Atlantic Ocean 644 888 0 32 93 75 4 79

Natural marine emissions 743 0 0 0 0 0 0 0

Volcanic emissions 2500 0 0 0 0 0 0 0

TOTAL 24383 19878 8239 13576 56883 3717 3224 6941
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APPENDIX B

National emission trends 1990-2011

This appendix contains trends of national emission data for main pollutants and primary par-

ticle emissions in the old EMEP domain for the years 1990, 2000 and 2005–2011.

The emissions for 1990, 2000 and 2005–2010 have been derived from the 2012 official

data submissions to UNECE CLRTAP as of June 2012 (Mareckova et al. 2012), whereas emis-

sions for 2011 have been derived from the 2013 official data submissions to UNECE CLRTAP

as of June 2013 (Mareckova et al. 2013).

As these emissions are given for the old EMEP domain (132×111 grid cells, see Chap-

ter 1.3), the tables of this Appendix include a smaller part of the Russain Federation, Kaza-

khstan and Asian areas than does Appendix A. This means that, for instance, the 2011 emis-

sion numbers listed for the Russian Federation in the tables below are smaller than those listed

in Appendix A.

These emissions listed in the tables below are used for the modelling of trends of deposi-

tions and air concentrations, which are presented in the country notes for 2011 (Appendix D)

and in Chapter 3 and 6.

Emissions from the eruption at Grı́msvötn volcano in Iceland in May 2011 are not in-

cluded in the table, as the eruption event has not been included in the model simulation for

2011. The reason for this is that the eruption plume reached heights up to 16 km, which is

above the layer of the EMEP MSC-W model, implying that the plume and its transport can

not be simulated correctly by the current version of the model. As described in Chapter 3, an

extension of the model’s vertical domain is currently under development. On the other hand,

the 2010 eruption of Eyjafjallajökull is included in the 2010 trend run, since it was possible

to model this volcanic event because of the significantly lower eruption plume.

Note that emissions in this appendix are given in different units than used elsewhere in this

report in order to keep consistency with the reported data.
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Table B:1: National total emission trends of sulphur, as used for trend modelling at the MSC-W (Gg

of SO2 per year).

Area/Year 1990 2000 2005 2006 2007 2008 2009 2010 2011

Albania 78 39 39 41 42 37 21 21 21

Armenia 85 11 8 6 26 26 26 26 29

Austria 74 32 27 28 25 22 17 19 19

Azerbaijan 615 162 129 105 99 91 85 85 94

Belarus 888 162 79 94 100 84 158 59 63

Belgium 362 172 145 135 125 97 77 67 56

Bosnia–Herzegovina 484 420 427 429 431 431 431 431 431

Bulgaria 1100 861 776 763 819 569 440 387 515

Croatia 174 62 63 60 68 58 59 41 39

Cyprus 31 48 38 32 30 23 18 22 21

Czech Republic 1876 264 219 211 216 174 173 170 169

Denmark 176 29 23 26 24 19 14 14 14

Estonia 274 97 76 70 88 69 55 83 73

Finland 263 79 69 84 83 70 59 67 61

France 1354 644 467 429 412 344 289 262 255

Georgia 42 6 13 22 18 22 23 26 31

Germany 5292 653 517 520 497 490 435 449 445

Greece 473 495 538 533 537 444 425 264 270

Hungary 1010 486 129 118 84 88 80 32 35

Iceland 21 35 38 44 58 74 69 72 81

Ireland 182 140 71 61 55 45 33 26 23

Italy 1794 749 403 381 338 283 232 210 195

Kazakhstan 651 506 425 398 381 381 381 381 381

Latvia 105 16 7 6 6 5 4 3 3

Lithuania 222 43 44 43 39 27 30 38 36

Luxembourg 15 3 3 2 2 2 2 2 2

Malta 29 24 11 11 12 11 8 8 8

Montenegro 0 14 13 14 12 15 8 8 28

Netherlands 192 73 65 64 61 51 37 34 34

Norway 52 27 24 21 20 20 15 19 19

Poland 3210 1511 1224 1222 1216 995 862 974 910

Portugal 295 281 177 155 149 108 74 67 47

Republic of Moldova 175 13 13 16 16 7 7 7 6

Romania 1311 759 643 697 577 566 460 372 331

Russian Federation 4671 1997 1847 1931 1624 1436 1340 1314 1302

Serbia Montenegro 593 0 0 0 0 0 0 0 0

Serbia 0 210 249 249 249 265 270 277 303

Slovakia 542 127 89 88 71 69 64 69 68

Slovenia 198 92 40 16 14 13 11 10 11

Spain 2097 1470 1282 1172 1157 513 463 434 489

Sweden 105 42 36 36 33 30 30 34 30

Switzerland 41 16 17 15 14 14 12 13 10

TFYR of Macedonia 110 90 101 87 100 114 113 83 101

Turkey 1519 2000 1417 1481 1490 1041 1557 1661 2652

Ukraine 3921 1599 1192 1446 1363 1386 1290 1216 1320

United Kingdom 3707 1228 706 665 586 491 397 406 379

North Africa 413 413 413 413 413 413 413 413 413

Asian areas 854 853 853 853 853 853 853 853 853

Baltic Sea 168 188 213 190 167 145 122 99 82

Black Sea 45 56 63 64 66 67 69 71 72

Mediterranean Sea 858 1068 1211 1234 1258 1282 1306 1329 1365

North Sea 361 443 501 448 394 341 288 234 192

N-E Atlantic Ocean 384 494 558 572 586 600 614 628 644

Nat. marine emissions 743 743 743 743 743 743 743 743 743

Volcanic emissions 8327 5746 2500 2500 2500 2500 2500 2627 2500

TOTAL 52562 27793 20973 21045 20347 18067 17560 17263 18271
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Table B:2: National total emission trends of nitrogen oxides, as used for trend modelling at the MSC-W

(Gg of NO2 per year).

Area/Year 1990 2000 2005 2006 2007 2008 2009 2010 2011

Albania 22 21 29 28 27 29 24 24 24

Armenia 59 31 38 41 24 24 24 24 21

Austria 195 206 236 223 217 204 187 189 183

Azerbaijan 171 104 97 81 80 91 91 91 98

Belarus 379 208 171 187 181 189 189 170 171

Belgium 401 332 291 265 262 239 207 221 210

Bosnia–Herzegovina 73 53 52 52 51 51 51 51 51

Bulgaria 249 126 154 151 141 141 117 115 136

Croatia 95 74 81 82 87 85 76 71 66

Cyprus 17 22 21 21 22 20 20 18 21

Czech Republic 742 321 278 282 283 261 251 239 226

Denmark 275 199 181 182 168 150 132 129 126

Estonia 74 38 37 35 39 36 30 37 36

Finland 323 201 169 188 187 168 155 167 153

France 1865 1602 1430 1358 1289 1194 1106 1080 1005

Georgia 62 27 45 44 46 46 51 53 58

Germany 2882 1925 1578 1564 1491 1418 1321 1323 1293

Greece 329 362 419 415 416 394 382 322 296

Hungary 238 185 203 208 190 183 167 162 129

Iceland 27 27 25 25 26 24 24 22 21

Ireland 121 135 127 123 120 110 87 76 71

Italy 2014 1421 1212 1158 1127 1057 973 963 930

Kazakhstan 179 119 151 164 171 171 171 171 109

Latvia 65 36 37 37 38 34 32 34 32

Lithuania 158 47 58 61 69 55 54 58 51

Luxembourg 39 45 62 57 52 50 44 46 48

Malta 14 8 9 9 9 9 9 8 8

Montenegro 0 9 8 8 8 9 7 7 9

Netherlands 566 398 346 332 317 309 280 276 259

Norway 190 210 200 199 201 189 180 184 178

Poland 1280 838 866 921 860 832 822 867 851

Portugal 234 266 261 239 232 211 199 186 176

Republic of Moldova 131 27 31 25 25 32 29 29 31

Romania 546 296 309 309 326 287 252 272 222

Russian Federation 3600 2357 2795 3353 3407 3492 3426 2421 2369

Serbia Montenegro 165 0 0 0 0 0 0 0 0

Serbia 0 149 181 181 181 194 201 200 208

Slovakia 215 107 102 96 96 94 84 89 85

Slovenia 60 50 47 46 48 53 46 45 45

Spain 1224 1282 1305 1252 1246 1061 944 881 915

Sweden 269 205 174 173 168 158 153 161 145

Switzerland 145 110 94 90 86 83 80 79 74

TFYR of Macedonia 46 39 34 30 35 37 33 29 40

Turkey 691 1118 1080 1120 1200 860 1278 1090 1112

Ukraine 1753 871 513 488 732 825 528 603 603

United Kingdom 2885 1791 1580 1525 1461 1317 1143 1106 1033

North Africa 96 96 96 96 96 96 96 96 96

Asian areas 169 169 169 169 169 169 169 169 169

Baltic Sea 236 276 303 309 315 321 327 333 339

Black Sea 62 81 89 91 93 95 97 98 100

Mediterranean Sea 1234 1562 1725 1761 1796 1832 1868 1903 1935

North Sea 508 649 714 729 743 757 771 786 798

N-E Atlantic Ocean 565 723 796 811 827 842 858 874 887

Nat. marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 27940 21554 21011 21396 21484 20586 19846 18647 18252
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Table B:3: National total emission trends of ammonia, as used for trend modelling at the MSC-W (Gg

of NH3 per year).

Area/Year 1990 2000 2005 2006 2007 2008 2009 2010 2011

Albania 29 29 27 26 24 24 24 24 24

Armenia 24 13 17 18 17 17 17 17 16

Austria 65 65 63 63 63 63 63 62 62

Azerbaijan 68 37 48 50 53 53 53 53 68

Belarus 215 142 135 134 144 147 150 151 154

Belgium 120 86 71 71 68 67 69 69 67

Bosnia–Herzegovina 21 17 17 17 17 17 17 17 17

Bulgaria 133 52 58 59 62 62 52 51 48

Croatia 51 39 40 40 40 38 37 37 37

Cyprus 5 6 6 6 5 5 5 5 5

Czech Republic 157 74 68 63 60 58 73 69 66

Denmark 114 91 83 79 80 78 75 75 74

Estonia 25 10 10 10 10 11 10 10 10

Finland 38 37 39 38 38 38 37 37 37

France 704 699 661 655 656 672 656 645 674

Georgia 36 34 35 30 26 26 26 27 28

Germany 692 602 573 569 567 568 576 548 563

Greece 85 71 68 66 68 65 62 64 62

Hungary 124 71 80 81 71 69 68 65 65

Iceland 3 3 3 3 3 3 3 3 5

Ireland 107 113 109 109 106 107 108 106 109

Italy 468 449 416 411 420 409 393 379 382

Kazakhstan 664 470 537 559 573 573 573 573 573

Latvia 48 13 16 16 16 16 17 17 13

Lithuania 84 25 39 35 36 29 28 30 29

Luxembourg 5 6 5 5 5 5 5 5 5

Malta 1 2 2 2 2 2 2 2 2

Montenegro 0 6 4 3 3 3 3 3 3

Netherlands 355 161 140 141 140 127 125 122 119

Norway 21 23 23 22 23 23 23 23 26

Poland 508 322 270 287 289 285 273 271 270

Portugal 63 61 50 48 49 47 47 48 47

Republic of Moldova 63 25 27 27 27 26 27 27 20

Romania 300 206 199 197 203 187 188 161 159

Russian Federation 1191 650 531 584 558 548 771 832 830

Serbia Montenegro 74 0 0 0 0 0 0 0 0

Serbia 0 82 77 77 77 89 84 82 86

Slovakia 66 32 29 27 27 25 25 24 24

Slovenia 20 19 18 18 19 18 18 17 17

Spain 316 378 365 376 386 354 355 368 381

Sweden 55 59 55 54 53 52 50 52 52

Switzerland 73 66 64 64 65 65 63 63 63

TFYR of Macedonia 15 14 7 7 7 7 7 10 10

Turkey 373 402 407 408 409 409 409 515 510

Ukraine 682 485 260 227 213 206 187 25 25

United Kingdom 360 328 307 307 296 283 283 284 290

North Africa 235 235 234 234 235 236 236 236 236

Asian areas 278 277 277 277 277 277 277 277 277

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 0 0 0 0 0 0 0 0 0

N-E Atlantic Ocean 0 0 0 0 0 0 0 0 0

Nat. marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 9132 7083 6568 6598 6586 6488 6649 6580 6639
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Table B:4: National total emission trends of non-methane volatile organic compounds, as used for

trend modelling at the MSC-W (Gg of NMVOC per year).

Area/Year 1990 2000 2005 2006 2007 2008 2009 2010 2011

Albania 43 23 33 33 32 32 28 28 28

Armenia 95 47 49 50 41 41 41 41 41

Austria 276 178 162 172 159 150 121 133 128

Azerbaijan 376 233 210 234 238 238 238 238 305

Belarus 497 340 349 358 367 387 362 308 346

Belgium 315 206 143 148 127 118 105 105 101

Bosnia–Herzegovina 48 40 42 42 43 43 43 43 43

Bulgaria 620 87 86 90 84 84 91 91 91

Croatia 113 85 101 110 114 109 77 76 73

Cyprus 17 14 14 14 13 12 11 11 10

Czech Republic 374 227 183 180 174 166 151 151 140

Denmark 166 134 110 105 100 96 89 86 81

Estonia 70 46 41 40 41 38 37 38 33

Finland 239 168 136 131 129 118 111 116 107

France 2589 1712 1232 1123 1032 957 866 852 734

Georgia 108 77 214 220 235 231 228 215 253

Germany 3128 1391 1144 1132 1070 1017 931 1053 1008

Greece 268 264 220 230 219 228 212 184 187

Hungary 205 173 177 177 148 141 128 109 100

Iceland 12 7 6 6 6 6 5 5 5

Ireland 93 73 56 55 53 51 48 45 44

Italy 2015 1607 1317 1286 1261 1194 1131 1080 989

Kazakhstan 214 140 150 153 155 155 155 155 148

Latvia 102 65 73 75 83 74 61 65 70

Lithuania 108 61 84 78 74 66 66 69 69

Luxembourg 19 12 12 11 11 10 9 9 9

Malta 8 3 3 4 3 3 3 3 3

Montenegro 0 10 8 9 10 10 10 10 8

Netherlands 477 238 177 167 164 162 152 151 144

Norway 289 379 218 190 186 154 139 140 138

Poland 831 599 593 929 568 641 634 662 652

Portugal 295 254 210 203 198 192 180 175 176

Republic of Moldova 124 21 38 37 37 35 36 36 33

Romania 616 519 425 434 444 465 433 445 356

Russian Federation 3668 2450 2567 2222 2207 2323 2258 2242 2081

Serbia Montenegro 158 0 0 0 0 0 0 0 0

Serbia 0 122 135 135 135 133 127 138 154

Slovakia 122 66 73 70 67 67 64 62 68

Slovenia 55 44 37 36 35 33 34 35 32

Spain 1006 957 809 794 782 730 672 671 596

Sweden 359 223 197 194 197 196 197 197 177

Switzerland 289 144 103 99 95 93 91 89 86

TFYR of Macedonia 21 25 25 45 26 28 28 25 25

Turkey 636 794 1105 1289 1306 1000 1320 750 729

Ukraine 1053 641 324 295 408 311 275 357 357

United Kingdom 2762 1586 1088 1039 1002 922 822 789 752

North Africa 96 96 96 96 96 96 96 96 96

Asian areas 204 204 204 204 204 204 204 204 204

Baltic Sea 8 10 12 12 12 13 13 13 14

Black Sea 2 3 3 3 3 3 4 4 4

Mediterranean Sea 41 53 61 62 64 66 67 69 71

North Sea 18 23 26 26 27 28 29 29 30

N-E Atlantic Ocean 19 24 27 28 29 30 30 31 32

Nat. marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 25269 16898 14909 14876 14314 13697 13263 12730 12162
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Table B:5: National total emission trends of carbon monoxide, as used for trend modelling at the

MSC-W (Gg of CO per year).

Area/Year 1990 2000 2005 2006 2007 2008 2009 2010 2011

Albania 191 91 151 158 145 147 92 92 92

Armenia 450 167 186 193 126 125 125 125 131

Austria 1436 959 809 769 717 678 632 639 609

Azerbaijan 898 306 361 401 447 496 530 530 564

Belarus 759 725 969 1070 1033 1063 990 870 880

Belgium 1356 1028 717 704 618 614 381 461 387

Bosnia–Herzegovina 132 96 111 116 120 120 120 120 120

Bulgaria 731 370 350 361 308 285 254 275 285

Croatia 574 441 353 355 332 289 285 266 289

Cyprus 53 35 27 25 24 23 20 19 18

Czech Republic 1050 648 511 484 509 439 404 402 382

Denmark 722 470 449 442 453 433 407 399 383

Estonia 227 183 158 144 163 167 168 177 148

Finland 721 610 530 507 501 486 465 485 455

France 10920 6567 5311 4786 4520 4355 3666 3985 3584

Georgia 526 131 221 225 244 257 283 291 284

Germany 12372 4810 3659 3579 3482 3396 3011 3332 3314

Greece 1133 923 721 737 682 622 591 527 492

Hungary 997 633 587 569 507 512 313 480 396

Iceland 45 21 18 20 21 20 20 19 18

Ireland 418 253 192 183 172 159 152 139 127

Italy 7093 4802 3446 3234 3098 2964 2725 2711 2464

Kazakhstan 869 287 321 333 341 341 341 341 298

Latvia 455 288 282 277 265 249 267 258 226

Lithuania 519 282 190 200 208 177 169 211 194

Luxembourg 484 93 64 57 53 44 38 39 39

Malta 23 1 1 1 1 1 31 11 12

Montenegro 0 40 37 36 37 35 29 29 23

Netherlands 1124 756 659 649 629 632 580 577 529

Norway 744 510 385 362 351 336 320 332 309

Poland 7406 3463 3333 2804 2553 2717 2778 3076 2916

Portugal 832 722 569 542 520 521 486 387 372

Republic of Moldova 494 84 140 137 137 110 117 117 94

Romania 3186 1198 1257 1220 1459 1409 1349 1402 1014

Russian Federation 13329 10811 12277 10391 10729 11009 10474 10122 9979

Serbia Montenegro 431 0 0 0 0 0 0 0 0

Serbia 0 361 449 449 449 445 390 488 343

Slovakia 570 300 272 273 249 245 208 221 227

Slovenia 319 199 152 139 137 136 151 161 148

Spain 3596 2618 2077 2063 2049 1922 1687 1748 1776

Sweden 1278 823 661 626 617 607 612 639 570

Switzerland 775 415 323 300 280 270 257 250 231

TFYR of Macedonia 95 84 96 96 98 98 90 70 72

Turkey 3825 3956 3650 3690 3552 2004 3532 3532 3036

Ukraine 3725 2276 2923 2553 3182 2551 2425 2949 2949

United Kingdom 9087 5653 3510 3280 2982 2818 2317 2125 2145

North Africa 336 336 336 336 336 336 336 336 336

Asian areas 449 449 449 449 449 449 449 449 449

Baltic Sea 24 31 35 36 37 38 39 40 41

Black Sea 6 8 9 10 10 10 10 11 11

Mediterranean Sea 124 160 182 187 191 196 201 206 212

North Sea 52 67 75 77 79 81 83 85 88

N-E Atlantic Ocean 55 70 80 82 84 86 88 90 93

Nat. marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 0 0

TOTAL 97015 60608 54632 50715 50286 47522 45488 46644 44154
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Table B:6: National total emission trends of fine Particulate Matter, as used for trend modelling at the

MSC-W (Gg of PM2.5 per year).

Area/Year 1990 2000 2005 2006 2007 2008 2009 2010 2011

Albania 7 9 14 14 13 14 11 11 11

Armenia 0 1 1 1 0 0 0 0 0

Austria 26 23 22 21 21 21 19 20 19

Azerbaijan 6 6 5 4 4 4 4 4 5

Belarus 40 40 46 52 51 53 52 45 49

Belgium 35 34 24 25 21 20 16 17 17

Bosnia–Herzegovina 20 20 19 19 19 19 19 19 19

Bulgaria 59 24 29 30 30 31 29 31 29

Croatia 20 10 13 12 11 11 10 10 10

Cyprus 1 4 3 3 3 3 2 2 2

Czech Republic 28 28 21 22 21 21 20 20 17

Denmark 23 22 25 26 30 28 25 26 23

Estonia 38 21 20 15 20 20 19 24 26

Finland 38 39 36 37 34 38 38 41 37

France 342 368 304 288 273 267 251 255 173

Georgia 3 3 2 2 2 2 2 2 2

Germany 115 143 121 119 114 110 106 111 111

Greece 49 49 54 55 56 63 63 63 54

Hungary 26 26 31 29 21 23 28 32 31

Iceland 1 1 1 1 0 0 0 0 0

Ireland 13 11 11 10 10 10 9 8 8

Italy 209 178 166 165 176 173 169 173 128

Kazakhstan 31 31 27 26 25 25 25 25 25

Latvia 11 23 27 27 26 26 28 27 25

Lithuania 17 17 9 9 10 9 9 10 11

Luxembourg 3 3 3 2 2 2 2 2 2

Malta 1 1 1 1 1 1 1 1 1

Montenegro 0 4 5 5 5 6 4 4 4

Netherlands 29 24 19 19 18 17 16 15 14

Norway 58 60 52 49 49 46 44 48 37

Poland 135 135 133 136 134 122 123 137 139

Portugal 95 74 65 61 61 59 57 49 44

Republic of Moldova 23 2 6 7 7 6 6 6 5

Romania 115 116 106 102 109 123 115 118 109

Russian Federation 694 694 350 409 348 316 312 418 367

Serbia Montenegro 45 0 0 0 0 0 0 0 0

Serbia 0 0 24 24 24 25 23 31 20

Slovakia 26 23 37 32 28 28 27 27 29

Slovenia 7 14 14 14 14 13 16 17 15

Spain 139 96 93 90 91 82 75 74 71

Sweden 46 28 29 29 29 28 28 32 29

Switzerland 9 12 11 10 10 10 10 10 10

TFYR of Macedonia 9 9 9 9 9 9 9 9 7

Turkey 305 305 268 255 247 247 247 247 247

Ukraine 289 289 278 274 272 276 276 77 41

United Kingdom 108 100 81 79 77 73 67 67 67

North Africa 0 60 60 60 60 60 60 60 60

Asian areas 0 114 114 114 114 114 114 114 114

Baltic Sea 22 22 25 23 21 19 17 15 13

Black Sea 6 6 7 7 8 8 8 8 8

Mediterranean Sea 123 124 141 144 147 150 152 155 159

North Sea 50 52 58 53 49 44 39 34 31

N-E Atlantic Ocean 57 57 65 67 68 70 71 73 75

Nat. marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 1673 0

TOTAL 3553 3559 3083 3088 2993 2945 2876 4496 2551
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Table B:7: National total emission trends of Particulate Matter, as used for trend modelling at the

MSC-W (Gg of PM10 per year).

Area/Year 1990 2000 2005 2006 2007 2008 2009 2010 2011

Albania 9 12 17 18 17 18 15 15 15

Armenia 1 1 1 1 1 1 1 1 1

Austria 44 39 38 37 36 37 35 35 35

Azerbaijan 7 7 5 5 4 4 4 4 6

Belarus 56 56 54 60 63 66 65 58 63

Belgium 66 46 34 34 30 28 23 24 24

Bosnia–Herzegovina 48 48 45 44 43 43 43 43 43

Bulgaria 94 42 51 53 57 59 49 51 45

Croatia 30 13 17 17 16 16 15 14 15

Cyprus 1 6 4 4 4 4 4 3 3

Czech Republic 44 44 34 35 35 35 36 37 32

Denmark 30 29 32 33 36 34 31 32 29

Estonia 51 37 27 20 29 25 23 32 42

Finland 54 54 50 52 48 52 52 55 51

France 549 502 428 410 393 385 364 367 260

Georgia 4 4 3 2 2 2 2 2 2

Germany 193 240 207 206 201 195 187 193 209

Greece 75 75 84 88 89 100 100 100 85

Hungary 60 47 52 48 36 38 48 46 44

Iceland 1 1 1 1 1 1 1 1 1

Ireland 20 17 17 16 16 15 13 13 12

Italy 273 209 197 197 207 204 198 202 156

Kazakhstan 56 56 45 41 39 39 39 39 39

Latvia 14 27 33 32 33 32 33 33 31

Lithuania 21 21 11 11 12 12 11 13 14

Luxembourg 4 4 4 3 3 3 3 3 3

Malta 1 1 2 2 2 2 2 1 1

Montenegro 0 8 8 9 8 10 7 7 7

Netherlands 48 39 33 33 32 32 30 29 29

Norway 64 66 59 56 56 53 50 54 44

Poland 279 282 284 285 269 247 249 279 257

Portugal 119 101 97 88 85 85 83 71 63

Republic of Moldova 41 5 8 8 8 10 10 10 8

Romania 171 172 126 123 137 144 136 143 124

Russian Federation 1161 1161 591 613 522 475 484 622 569

Serbia Montenegro 93 0 0 0 0 0 0 0 0

Serbia 0 0 40 40 40 40 38 46 35

Slovakia 45 45 42 37 32 31 31 30 32

Slovenia 9 19 19 18 18 17 19 20 19

Spain 208 140 135 131 133 117 108 107 101

Sweden 68 40 41 41 41 40 39 44 40

Switzerland 20 22 21 21 21 21 20 20 20

TFYR of Macedonia 21 21 19 19 18 18 18 18 11

Turkey 436 436 374 354 340 340 340 340 340

Ukraine 473 473 458 453 450 461 461 173 133

United Kingdom 180 171 135 133 131 126 114 114 113

North Africa 0 149 149 149 149 149 149 149 149

Asian areas 0 291 291 291 291 291 291 291 291

Baltic Sea 23 23 26 24 22 20 17 15 14

Black Sea 7 7 8 8 8 8 8 9 9

Mediterranean Sea 129 131 149 152 155 158 161 164 168

North Sea 52 54 62 56 51 46 41 36 33

N-E Atlantic Ocean 60 61 68 70 72 74 75 77 79

Nat. marine emissions 0 0 0 0 0 0 0 0 0

Volcanic emissions 0 0 0 0 0 0 0 5970 0

TOTAL 5519 5557 4734 4682 4542 4461 4376 10256 3949
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APPENDIX C

Source-receptor tables for 2011

The source-receptor tables in this appendix are calculated for the meteorological and chemical

conditions of 2011.

The tables are calculated for the extended EMEP domain and are based on model runs

driven by ECMWF meteorology.

The source-receptor (SR) relationships give the change in air concentrations or deposi-

tions resulting from a change in emissions from each emitter country.

For each country, reductions in five different pollutants have been calculated separately,

with an emission reduction of 15% for SOx, NOx, NH3, NMVOC or PPM, respectively. Here

reduction in PPM means that PPMfine and PPMcoarse are reduced together in one simulation.

For year 2011, reductions in volcanic emissions are done only for passive SO2 degassing of

Italian volcanoes (Etna and Stromboli). Although there was an eruption episode at Grı́msvötn

volcano in Iceland in May 2011, this eruption event has not been included in the EMEP model

simulations. The eruption plume reached heights up to 16 km, which is above the top layer

of the EMEP MSC-W model. Therefore, the plume and its transport can not be simulated by

the current version of the model. As described in chapter 3, extension of the model’s vertical

domain is currently under development.

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 emissions in one country

multiplied by a factor of 100/15, in order to arrive at total estimates.

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 2011.

The SR tables in the following aim to respond to two fundamental questions about trans-

C:1
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boundary 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?

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 emit-

ter countries were responsible for the change in pollutants in the country given at the beginning

of each row.

Note that more information on aerosol components and SR tables in electronic format can

be found on the web.

The following SR tables are presented in this appendix, all in the extended EMEP domain,

including new EECCA countries, and using 2011 ECMWF meteorology:

Acidification and eutrophication

• Deposition of OXS (oxidised sulphur). The contribution from SOx, NOx, NH3, PPM

and VOC emissions have been summed up and scaled to a 100% reduction.

• Deposition of OXN (oxidised nitrogen). The contribution from SOx, NOx, NH3, PPM

and VOC emissions have been summed up and scaled to a 100% reduction.

• Deposition of RDN (reduced nitrogen). The contribution from SOx, NOx, NH3, PPM

and VOC emissions have been summed up and scaled to a 100% reduction.

Ground Level Ozone

• AOT40uc
f . Effect of a 15% reduction in NOx emissions.

• AOT40uc
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.
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• 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% reduc-

tion in PPM, SOx, NOx, NH3 and VOC emissions have been summed up.
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Table C.1: 2011 country-to-country blame matrices for oxidised sulphur deposition.

Units: 100 Mg of S. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD ME

AL 37 0 0 0 10 0 11 0 0 0 1 1 0 0 1 0 0 0 0 27 1 0 0 0 4 -0 0 0 0 -0 0 3 AL

AM 0 62 -0 17 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 4 0 0 0 0 0 0 0 3 0 0 0 0 0 AM

AT 0 0 29 0 18 1 4 0 3 0 18 45 0 0 6 0 7 3 0 1 4 3 0 0 11 0 0 0 0 -0 0 0 AT

AZ 0 13 0 153 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 23 0 0 0 0 0 AZ

BA 1 0 1 0 429 0 12 0 0 0 5 4 0 0 3 0 1 0 0 3 11 4 0 0 7 -0 0 0 0 0 0 11 BA

BE 0 0 0 -0 1 53 0 0 0 0 2 18 0 0 4 0 25 15 -0 0 0 0 0 0 0 0 0 0 1 -0 0 0 BE

BG 1 0 1 0 27 0 632 1 0 0 3 3 0 0 1 0 1 1 0 30 1 2 0 0 2 0 4 0 0 0 1 2 BG

BY 0 0 1 0 25 2 10 132 0 0 18 26 1 8 3 2 5 10 0 1 2 3 0 0 2 0 15 15 0 1 1 1 BY

CH 0 0 0 0 1 1 0 -0 18 0 1 7 0 0 6 0 12 2 -0 0 0 0 0 0 8 0 0 0 0 0 -0 0 CH

CY 0 0 0 0 0 0 1 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -0 0 0 CY

CZ 0 0 5 0 20 2 5 0 1 0 172 55 0 0 4 0 7 4 -0 1 3 3 0 0 3 0 0 0 0 -0 0 1 CZ

DE 0 0 8 -0 13 47 3 0 9 0 83 924 2 1 32 1 107 70 -0 0 1 1 1 0 6 -0 0 1 2 -0 0 0 DE

DK 0 0 0 0 1 3 1 0 0 0 5 25 14 0 1 0 5 18 -0 0 0 0 0 0 0 -0 0 0 0 0 0 0 DK

EE 0 0 0 0 2 1 1 2 0 0 3 7 1 20 1 4 1 4 0 0 0 0 0 0 0 0 1 3 0 1 0 0 EE

ES 0 0 0 0 6 1 1 0 0 -0 4 9 0 0 848 0 18 4 0 0 1 0 0 0 7 -0 0 0 0 0 0 0 ES

FI 0 0 0 0 5 2 2 3 0 0 8 18 1 34 2 106 4 11 0 0 0 1 0 0 0 0 4 5 0 0 0 0 FI

FR 0 0 2 0 13 18 2 0 6 0 14 74 0 0 228 0 485 58 -0 1 2 1 2 0 25 -0 0 0 1 0 0 1 FR

GB 0 0 0 0 3 6 1 0 0 0 3 15 0 0 17 0 28 471 -0 0 0 0 14 1 1 0 0 0 0 0 0 0 GB

GE 0 10 0 27 1 0 2 0 0 0 0 0 -0 0 0 0 0 0 65 1 0 0 0 0 0 0 6 0 0 0 0 0 GE

GL -0 0 0 0 0 0 0 0 0 -0 0 0 -0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 -0 -0 0 GL

GR 4 0 0 0 18 0 209 0 0 0 2 2 0 0 2 0 1 1 0 269 1 1 0 0 5 0 2 0 0 0 0 2 GR

HR 1 0 2 0 121 0 9 0 0 0 6 5 0 0 6 0 2 1 0 4 42 5 0 0 13 -0 0 0 0 -0 0 3 HR

HU 1 0 4 0 101 1 23 0 0 0 15 12 0 0 7 0 3 2 0 3 14 63 0 0 8 -0 1 0 0 -0 0 3 HU

IE 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 0 2 16 0 0 0 0 34 0 0 0 0 0 0 0 -0 0 IE

IS 0 -0 0 0 0 0 0 0 0 -0 0 1 0 0 1 0 1 3 0 0 0 0 0 113 0 0 0 0 0 0 -0 0 IS

IT 3 0 4 0 105 1 29 0 3 0 8 11 0 0 42 0 30 2 0 19 17 3 0 0 337 0 1 0 0 -0 0 5 IT

KG 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 392 0 0 0 0 0 KG

KZT 0 14 0 40 7 0 11 5 0 0 4 5 0 4 1 2 1 2 8 3 0 1 0 0 0 36 6737 2 0 0 0 0 KZT

LT 0 0 0 0 5 1 1 7 0 0 8 14 1 2 1 1 3 5 0 0 0 1 0 0 0 0 1 51 0 1 0 0 LT

LU 0 -0 0 -0 0 1 0 -0 0 0 0 2 0 0 0 0 3 1 -0 0 0 0 0 0 0 -0 -0 0 1 0 -0 0 LU

LV 0 0 0 0 3 1 1 6 0 0 5 11 1 4 1 2 2 6 0 0 0 0 0 0 0 -0 2 16 0 7 0 0 LV

MD 0 0 0 0 3 0 10 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 8 0 MD

ME 3 0 0 0 13 0 4 0 0 0 1 0 0 0 1 0 0 0 0 2 0 0 0 0 2 0 0 0 0 -0 0 19 ME

MK 3 0 0 0 7 0 49 0 0 0 1 1 0 0 0 0 0 0 0 33 0 0 0 0 1 -0 0 0 0 0 0 1 MK

MT 0 -0 0 0 0 0 0 0 0 -0 0 0 -0 0 0 0 0 0 -0 0 0 0 0 -0 0 -0 0 0 0 -0 0 0 MT

NL 0 -0 0 0 1 25 0 0 0 -0 3 32 0 0 3 0 16 27 -0 0 0 0 1 0 0 -0 0 0 0 -0 0 0 NL

NO 0 0 0 0 4 4 1 1 0 0 5 24 2 2 6 3 8 38 0 0 0 0 1 3 0 0 1 1 0 0 -0 0 NO

PL 0 0 4 0 50 6 14 10 1 0 112 148 4 4 10 1 18 22 0 2 6 8 1 0 5 -0 2 6 0 0 1 1 PL

PT 0 0 0 0 0 0 0 0 0 -0 0 1 0 0 35 0 1 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 PT

RO 2 0 2 0 88 1 152 2 0 0 14 15 0 1 5 0 4 3 0 14 4 11 0 0 6 0 8 1 0 0 4 7 RO

RS 4 0 1 0 104 0 69 0 0 0 6 4 0 0 3 0 1 1 0 13 5 8 0 0 5 0 1 0 0 -0 0 15 RS

RUE 2 18 4 72 112 8 119 90 1 1 70 106 4 196 19 83 21 44 23 25 6 9 1 2 9 5 5659 39 0 3 3 6 RUE

SE 0 0 1 0 8 6 2 2 0 0 17 52 8 9 5 17 12 37 0 0 1 1 1 1 1 -0 2 4 0 0 -0 0 SE

SI 0 0 2 0 14 0 2 0 0 0 2 2 0 0 3 0 1 0 0 1 8 1 0 0 10 -0 0 0 0 -0 0 0 SI

SK 0 0 2 0 31 1 9 0 0 0 17 9 0 0 4 0 2 1 0 1 4 13 0 0 4 0 0 0 0 -0 0 1 SK

TJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 54 0 0 0 0 0 TJ

TM 0 3 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 135 0 0 0 0 0 TM

TR 1 12 0 5 17 0 93 1 0 12 4 4 0 0 2 0 2 1 5 44 1 1 0 0 3 0 7 0 0 0 1 1 TR

UA 1 0 2 3 81 2 91 33 1 0 37 39 1 7 7 3 8 10 2 17 4 11 0 0 6 0 56 5 0 0 8 4 UA

UZ 0 2 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 -0 0 0 9 308 0 0 0 0 0 UZ

ATL 0 0 2 0 19 21 13 4 1 0 36 122 3 26 315 35 106 373 0 2 2 2 45 297 7 0 132 5 1 0 0 1 ATL

BAS 0 0 2 0 17 10 5 4 1 0 41 119 16 35 7 39 20 49 0 1 1 3 1 0 2 0 3 15 0 2 -0 1 BAS

BLS 1 3 1 6 26 1 153 4 0 1 14 12 0 2 2 1 2 3 20 28 1 3 0 0 3 0 25 2 0 0 4 1 BLS

MED 33 0 6 0 471 2 513 1 3 40 32 35 0 1 390 0 136 10 0 500 39 8 0 0 373 0 7 1 0 -0 1 33 MED

NOS 0 0 1 0 17 44 10 2 1 -0 35 167 9 2 37 1 116 542 0 1 1 1 10 4 3 0 1 2 1 0 0 1 NOS

AST 0 14 0 132 8 0 8 1 0 10 2 3 0 1 1 0 1 1 9 8 0 0 0 0 2 14 1199 0 0 0 0 0 AST

NOA 1 0 1 0 34 0 46 0 0 1 3 4 0 0 61 0 14 2 0 40 2 1 0 0 26 0 1 0 0 0 0 3 NOA

SUM 101 152 92 474 2060 274 2334 314 52 69 842 2200 69 361 2135 304 1242 1873 153 1098 188 175 116 425 912 137 14797 177 9 16 32 128 SUM

EXC 65 135 79 335 1468 195 1587 298 45 18 679 1738 41 295 1322 227 846 894 124 518 141 157 59 124 496 123 13430 152 7 14 27 89 EXC

EU 12 0 66 1 532 178 1094 34 25 3 517 1509 33 76 1263 133 784 781 0 344 67 114 56 4 435 0 29 89 6 9 6 26 EU

emis 105 145 93 468 2153 278 2573 316 51 105 845 2223 70 363 2446 305 1273 1894 153 1351 194 174 117 406 976 143 16544 178 9 16 32 139 emis

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD ME
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Table C.1 Cont.: 2011 country-to-country blame matrices for oxidised sulphur deposition.

Units: 100 Mg of S. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL SUM EXC EU

AL 23 0 0 0 2 0 3 30 0 0 0 0 -0 0 4 3 0 0 0 0 18 0 0 2 6 1 54 246 164 53 AL

AM 0 0 0 0 0 -0 0 0 1 0 0 0 0 1 36 1 1 0 0 0 1 0 29 0 9 0 45 214 129 1 AM

AT 1 0 1 0 18 0 5 9 1 0 5 4 0 0 1 7 0 1 0 0 8 2 0 1 12 1 7 238 206 161 AT

AZ 0 0 0 0 2 -0 0 0 16 0 0 0 0 5 21 12 5 0 0 0 1 0 44 0 10 0 37 361 268 3 AZ

BA 3 0 0 0 18 0 9 50 1 0 0 5 -0 0 2 7 0 0 0 0 13 0 0 2 7 0 19 633 591 74 BA

BE 0 0 4 0 3 0 0 0 0 0 0 0 -0 0 0 1 0 3 0 0 1 13 -0 0 5 1 0 153 129 127 BE

BG 25 0 0 0 20 0 86 59 14 0 0 3 0 0 99 61 0 0 0 11 12 0 0 2 12 1 79 1200 1083 787 BG

BY 1 0 1 0 223 0 20 15 51 1 1 10 0 0 3 147 0 2 6 1 3 5 0 1 19 1 18 816 759 365 BY

CH 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 5 1 0 1 9 0 2 77 59 39 CH

CY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0 0 0 0 5 0 1 1 1 0 8 48 31 5 CY

CZ 1 0 1 0 67 0 8 15 2 0 1 14 0 0 0 12 0 1 1 0 3 2 0 0 9 1 4 428 407 353 CZ

DE 1 0 31 0 106 1 6 8 3 1 1 5 -0 0 0 20 0 17 18 0 11 62 0 1 49 8 6 1672 1499 1442 DE

DK 0 0 3 0 19 0 1 1 1 1 0 1 0 0 0 2 0 3 16 0 0 18 0 0 6 3 0 152 105 98 DK

EE 0 0 0 0 24 0 2 1 8 1 0 1 -0 0 0 6 0 1 8 0 0 2 0 0 4 1 1 113 95 74 EE

ES 0 0 1 0 8 21 2 3 0 0 0 1 -0 0 0 4 0 69 0 0 136 2 0 20 139 9 7 1325 942 927 ES

FI 0 0 2 2 63 0 5 3 56 13 0 3 0 0 1 20 0 3 21 0 1 8 0 0 28 4 3 445 376 280 FI

FR 1 0 5 0 23 5 3 5 1 0 1 3 -0 0 0 8 0 90 1 0 106 42 0 9 101 17 13 1367 988 951 FR

GB 0 0 4 0 7 1 1 1 1 0 0 1 0 0 0 4 0 83 1 0 3 44 0 0 49 22 2 786 583 572 GB

GE 0 0 0 0 3 0 2 1 8 0 0 0 0 2 59 14 1 0 0 4 1 0 17 0 12 0 55 291 200 8 GE

GL 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 143 1 0 149 4 1 GL

GR 62 0 0 0 11 0 26 36 6 0 0 2 0 0 155 29 0 0 0 5 75 0 0 8 18 2 171 1130 849 532 GR

HR 2 0 0 0 19 0 10 39 1 0 2 5 0 0 2 8 0 0 0 0 25 0 0 2 7 1 13 359 309 89 HR

HU 5 0 0 0 55 0 42 81 3 0 2 27 -0 0 2 28 0 1 0 1 11 1 0 1 10 1 13 546 507 268 HU

IE 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 30 0 0 1 2 0 0 18 9 0 122 62 60 IE

IS 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 20 7 1 155 120 7 IS

IT 12 1 0 0 25 1 14 35 2 0 6 5 0 0 10 15 0 3 0 1 233 1 0 21 54 6 530 1596 746 538 IT

KG 0 0 0 0 0 0 0 0 4 0 0 0 30 6 3 2 699 0 0 0 0 0 40 0 47 0 70 1365 1207 0 KG

KZT 2 0 0 0 40 0 11 5 813 1 0 2 20 125 122 346 890 1 2 3 3 1 268 1 194 1 322 10061 9264 93 KZT

LT 0 0 1 0 93 0 4 3 11 1 0 3 0 0 0 20 0 1 5 0 1 3 0 0 7 1 2 262 242 193 LT

LU 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 -0 0 0 0 0 0 -0 0 0 0 0 11 9 9 LU

LV 0 0 1 0 53 0 2 2 9 2 0 2 -0 0 0 12 0 1 7 0 0 3 0 0 6 1 1 172 151 117 LV

MD 1 0 0 0 11 0 20 3 5 0 0 1 0 0 9 42 0 0 0 2 1 0 0 0 2 0 13 140 121 47 MD

ME 2 0 0 0 2 0 1 16 0 0 0 0 0 0 1 1 0 0 0 0 7 0 0 1 3 0 14 96 72 14 ME

MK 73 0 0 0 3 0 5 27 1 0 0 1 -0 0 6 5 0 0 0 0 4 0 0 1 3 0 23 249 217 94 MK

MT 0 1 0 -0 0 0 0 0 0 0 0 0 -0 -0 0 0 -0 0 0 0 2 0 0 0 0 0 1 5 1 1 MT

NL 0 0 30 0 6 0 0 0 0 0 0 0 -0 0 0 2 0 4 1 0 1 41 0 0 6 2 0 203 148 144 NL

NO 0 0 3 29 27 0 2 3 7 5 0 1 0 0 0 5 0 20 8 0 1 31 0 0 51 14 2 314 186 133 NO

PL 3 0 5 0 1432 0 36 39 17 2 2 36 -0 0 1 107 0 5 14 1 6 12 0 1 30 4 14 2202 2116 1877 PL

PT 0 0 0 0 1 64 0 0 0 0 0 0 -0 0 0 0 0 44 0 0 8 0 0 2 37 2 1 198 104 103 PT

RO 18 0 0 0 79 0 569 96 25 0 1 15 0 0 51 178 0 1 1 10 12 2 0 2 24 1 76 1507 1377 892 RO

RS 25 0 0 -0 23 0 55 357 3 0 0 7 0 0 11 20 0 0 0 1 8 0 0 2 10 0 34 802 745 198 RS

RUE 21 0 5 4 608 1 128 70 10854 18 2 32 4 74 513 2183 263 21 46 32 27 28 175 4 1207 20 672 23771 21539 1554 RUE

SE 0 0 5 7 103 0 7 7 17 53 0 4 0 0 0 19 0 8 42 0 1 36 0 0 41 8 3 548 408 343 SE

SI 0 0 0 0 5 0 3 6 0 0 13 1 -0 0 1 2 0 0 0 0 9 0 0 1 3 0 3 94 78 46 SI

SK 2 0 0 0 62 0 17 25 2 0 1 57 0 0 0 17 0 0 0 0 5 1 0 1 6 0 5 302 284 201 SK

TJ 0 0 0 0 0 0 0 0 1 0 0 0 64 10 2 1 218 0 0 0 0 0 22 0 45 0 40 459 353 0 TJ

TM 0 0 0 0 1 0 0 0 18 0 0 0 4 146 15 12 173 0 0 0 1 0 149 0 69 0 52 792 521 3 TM

TR 10 0 0 0 22 0 32 21 32 0 0 2 0 1 4831 112 2 0 0 33 116 1 223 33 131 8 832 6661 5284 225 TR

UA 13 0 1 0 349 0 133 57 195 1 1 25 0 1 240 1712 3 3 4 25 17 5 3 3 52 4 125 3414 3174 760 UA

UZ 0 0 0 0 2 0 0 0 20 0 0 0 28 50 15 13 827 0 0 0 1 0 77 0 57 0 65 1483 1282 4 UZ

ATL 3 0 14 34 156 39 12 11 297 14 1 9 0 1 7 63 4 1930 18 0 40 88 2 8 4809 1194 47 10372 2236 1359 ATL

BAS 1 0 8 3 303 0 13 14 36 31 1 10 0 0 0 47 0 8 156 0 2 43 0 0 39 13 4 1127 861 732 BAS

BLS 10 0 0 0 104 0 125 33 156 0 1 9 0 1 990 682 3 1 2 168 32 2 22 5 42 15 164 2886 2433 467 BLS

MED 108 23 1 0 124 4 140 206 29 0 7 21 0 0 3060 187 1 18 2 35 4140 5 82 400 447 121 1855 13653 6548 2368 MED

NOS 2 0 36 13 137 2 8 11 5 3 1 6 0 0 1 22 0 102 22 0 8 441 0 1 137 92 5 2066 1258 1177 NOS

AST 2 0 0 0 15 0 4 3 157 0 0 1 22 139 375 147 334 1 1 3 52 1 2801 22 994 3 498 6990 2616 58 AST

NOA 9 3 0 0 11 2 15 17 3 0 0 2 0 0 148 18 0 8 0 2 342 1 4 306 395 14 121 1663 470 232 NOA

SUM 447 31 165 95 4491 145 1589 1425 12899 148 54 337 171 564 10825 6389 3426 2494 406 342 5521 955 3962 867 9654 1618 6154 108490 SUM

EXC 311 4 105 45 3642 97 1271 1130 12215 100 44 279 149 423 6243 5222 3084 426 205 133 905 375 1051 125 2790 167 3460 60095 14867 EXC

EU 132 3 93 11 2286 95 839 437 181 74 36 185 0 0 348 576 1 369 138 30 653 300 2 71 676 107 952 13526 11102 EU

emis 505 40 168 94 4550 233 1655 1515 14349 148 54 342 182 800 13258 6599 3876 3221 408 362 6826 961 7352 2065 0 3715 12500 121917 84507 22480 emis

MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL SUM EXC EU
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Table C.2: 2011 country-to-country blame matrices for oxidised nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD ME

AL 8 0 1 0 1 0 2 0 0 0 1 2 0 0 1 0 1 1 0 25 1 1 0 0 10 0 0 0 0 0 0 1 AL

AM 0 13 0 11 -0 0 0 0 0 0 0 0 0 -0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 AM

AT 0 0 74 0 2 4 1 0 10 0 15 86 1 0 6 0 21 5 0 1 5 6 0 0 42 0 0 0 2 0 0 0 AT

AZ 0 4 0 65 -0 0 0 0 0 0 0 1 0 0 0 0 0 0 13 0 0 0 0 0 0 0 3 0 0 0 0 0 AZ

BA 1 0 6 0 25 1 2 0 1 0 7 14 0 0 3 0 4 2 0 3 8 9 0 0 23 0 -0 0 0 0 0 2 BA

BE 0 0 1 0 0 16 0 0 1 0 2 20 0 0 5 0 34 20 0 0 0 0 1 0 2 0 0 0 3 0 0 0 BE

BG 2 0 4 0 2 1 78 2 1 0 5 13 1 0 2 0 4 3 0 25 2 7 0 0 7 0 0 0 0 0 3 0 BG

BY 0 0 7 0 2 7 2 56 2 0 15 68 8 3 5 5 16 25 0 1 2 9 1 0 10 0 1 12 1 4 3 0 BY

CH 0 0 3 0 0 2 0 0 30 -0 1 14 0 -0 5 0 30 4 0 0 0 0 0 0 29 -0 0 -0 1 -0 0 0 CH

CY 0 0 0 0 0 0 0 0 0 2 0 0 0 -0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 CY

CZ 0 0 24 0 2 6 1 1 4 0 55 99 2 0 5 0 24 9 0 1 4 11 0 0 12 0 0 0 3 0 0 0 CZ

DE 0 0 44 0 2 77 1 3 29 0 56 605 11 1 37 2 235 125 0 1 3 7 5 0 33 0 0 1 27 1 0 0 DE

DK 0 0 1 0 0 7 0 1 0 -0 4 36 4 0 2 0 14 31 0 0 0 1 1 0 1 0 0 0 1 0 0 0 DK

EE 0 0 1 0 0 2 0 3 0 0 2 17 3 4 1 4 4 9 0 0 0 1 0 0 1 0 0 2 0 2 0 0 EE

ES 0 0 4 -0 0 6 0 0 2 0 3 23 1 0 675 0 68 13 0 0 1 1 1 0 27 0 -0 0 2 0 0 0 ES

FI 0 0 2 0 0 8 0 9 1 0 7 50 11 10 2 79 13 32 0 0 0 2 2 0 2 0 0 6 1 4 0 0 FI

FR 0 0 17 0 1 42 0 1 22 0 14 137 3 0 246 0 644 106 0 1 3 4 6 0 106 0 0 0 13 0 0 0 FR

GB 0 0 2 0 0 11 0 0 1 0 3 33 2 0 22 0 67 269 0 0 0 1 20 0 8 0 0 0 1 0 0 0 GB

GE 0 4 0 15 -0 0 0 0 0 0 0 1 0 0 0 0 0 0 38 0 0 0 0 0 0 0 0 0 0 0 0 0 GE

GL -0 -0 0 -0 -0 0 -0 0 0 0 0 1 0 0 0 0 0 1 -0 0 -0 0 0 0 0 0 0 0 0 0 0 -0 GL

GR 4 0 3 0 2 1 36 1 1 0 3 8 0 0 3 0 4 2 0 123 1 4 0 0 14 0 0 0 0 0 1 0 GR

HR 1 0 12 0 11 1 2 0 1 0 8 17 0 0 7 0 6 2 0 3 17 9 0 0 43 0 0 0 0 0 0 1 HR

HU 1 0 20 0 9 2 5 1 2 0 19 42 1 0 8 0 12 4 0 3 10 38 0 0 29 0 0 0 1 0 1 1 HU

IE 0 0 0 0 0 2 0 0 0 0 0 3 0 0 4 0 7 20 0 0 0 0 10 0 1 0 0 0 0 0 0 0 IE

IS 0 0 0 0 -0 1 -0 0 0 -0 0 3 0 0 1 0 2 5 0 0 0 0 0 5 0 0 -0 0 0 0 0 -0 IS

IT 3 0 33 0 11 4 4 0 16 0 10 44 1 0 49 0 76 8 0 15 19 10 0 0 745 0 -0 0 1 0 0 1 IT

KG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 69 31 0 0 0 0 0 KG

KZT 0 6 3 23 -0 4 1 11 1 0 5 29 5 1 3 8 10 21 7 2 1 2 1 1 5 56 570 2 1 2 2 0 KZT

LT 0 0 2 0 0 4 0 10 1 0 6 36 5 1 2 1 8 14 0 0 1 2 1 0 2 0 0 8 1 2 0 0 LT

LU 0 0 0 0 0 1 0 0 0 0 0 2 0 0 1 0 4 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 LU

LV 0 0 1 0 0 4 0 7 0 0 4 30 5 2 2 3 7 14 0 0 0 1 1 0 2 0 0 7 1 4 0 0 LV

MD 0 0 1 0 0 0 2 2 0 0 2 5 0 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 3 0 MD

ME 1 0 1 -0 2 0 1 0 0 0 1 2 0 0 1 0 1 0 0 2 1 1 0 0 6 -0 -0 0 0 0 0 3 ME

MK 2 0 1 0 1 0 6 0 0 0 1 2 0 0 1 0 1 0 0 21 0 2 0 0 3 0 0 0 0 0 0 0 MK

MT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 MT

NL 0 0 1 0 0 14 0 0 0 -0 2 26 1 0 4 0 25 32 0 0 0 0 1 0 2 0 0 0 1 0 0 0 NL

NO 0 0 1 0 0 11 0 2 1 0 4 52 15 1 7 5 25 63 0 0 0 1 3 1 2 0 0 1 2 1 0 0 NO

PL 0 0 25 0 4 26 3 16 5 -0 80 278 18 2 12 3 58 60 0 2 7 27 2 0 22 0 1 6 6 2 2 0 PL

PT 0 0 0 -0 0 1 0 0 0 0 0 2 0 0 55 0 5 2 0 0 0 0 0 0 1 -0 -0 0 0 0 0 0 PT

RO 2 0 13 0 7 3 29 5 3 0 17 49 3 0 7 1 13 9 0 11 5 27 0 0 24 0 1 1 1 0 9 1 RO

RS 3 0 7 -0 9 1 14 1 1 0 9 19 1 0 3 0 5 3 0 14 4 16 0 0 16 0 0 0 0 0 1 3 RS

RUE 1 7 33 39 5 43 18 168 9 0 63 340 56 53 27 143 93 177 21 18 7 29 8 3 47 8 476 46 10 29 13 1 RUE

SE 0 0 4 0 0 18 0 6 1 0 14 109 33 4 6 25 34 81 0 0 1 3 3 0 3 0 0 4 3 3 0 0 SE

SI 0 0 11 0 1 0 0 0 1 0 3 9 0 0 3 0 3 1 0 0 6 2 0 0 24 0 0 0 0 0 0 0 SI

SK 0 0 10 0 3 2 2 1 1 0 15 27 1 0 4 0 7 3 0 1 4 19 0 0 14 0 0 0 1 0 0 0 SK

TJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 0 0 0 0 TJ

TM 0 1 0 8 -0 0 0 1 0 0 0 2 0 0 0 0 1 2 2 0 0 0 0 0 1 1 19 0 0 0 0 0 TM

TR 1 5 4 4 1 2 20 3 1 7 4 16 1 0 4 1 7 5 5 25 1 4 0 0 13 0 1 1 0 0 3 0 TR

UA 1 0 16 2 6 11 19 49 4 0 37 120 10 3 10 7 30 32 2 13 6 30 1 0 25 0 8 7 3 3 17 1 UA

UZ 0 1 0 4 -0 0 0 1 0 0 0 3 0 0 0 1 1 2 1 0 0 0 0 0 1 11 39 0 0 0 0 0 UZ

ATL 0 0 20 -0 1 76 1 13 9 0 36 325 42 14 325 65 346 646 -0 2 2 8 70 34 33 0 11 7 14 5 1 0 ATL

BAS 0 0 9 0 1 28 1 12 3 0 26 190 32 8 10 30 57 102 0 1 2 7 4 0 7 0 0 10 5 6 1 0 BAS

BLS 1 2 10 4 2 4 31 11 2 0 13 44 4 1 3 3 13 14 17 18 2 11 1 0 11 0 3 2 1 1 12 0 BLS

MED 27 0 57 -0 41 18 85 5 22 22 35 141 5 0 452 2 352 57 1 331 47 34 4 0 922 0 0 1 6 0 6 8 MED

NOS 0 0 11 0 2 66 2 5 7 0 25 241 32 1 49 3 207 559 0 2 2 6 26 1 22 0 0 2 9 1 0 0 NOS

AST 0 7 2 67 0 2 2 4 1 9 2 13 2 0 2 2 5 8 9 7 1 1 0 0 9 21 95 1 1 0 1 0 AST

NOA 3 0 9 0 3 4 10 2 4 1 5 24 1 0 107 1 67 14 0 49 4 4 1 0 115 0 0 0 1 0 1 1 NOA

SUM 63 52 513 242 160 547 381 413 204 44 639 3474 320 109 2190 399 2672 2625 121 726 181 363 178 49 2479 168 1266 132 128 74 83 25 SUM

EXC 31 43 395 172 111 348 249 361 155 11 497 2495 204 86 1242 294 1627 1224 94 317 122 290 73 13 1359 147 1157 109 92 59 61 16 EXC

EU 12 0 297 1 49 262 161 67 103 2 338 1784 106 24 1163 122 1391 876 1 186 73 174 57 3 1124 0 3 39 72 20 19 5 EU

emis 73 65 556 299 156 639 413 520 226 63 688 3935 382 109 2786 467 3060 3144 176 901 202 393 215 65 2830 204 1416 154 146 97 95 28 emis

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD ME



APPENDIX C. SR TABLES FOR 2011 C:7

Table C.2 Cont.: 2011 country-to-country blame matrices for oxidised nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL SUM EXC EU

AL 7 0 0 0 2 0 1 14 1 0 0 0 0 0 2 1 0 0 0 0 16 1 0 0 2 -0 0 107 87 51 AL

AM 0 0 0 0 0 0 0 0 1 0 0 0 0 0 14 0 0 0 0 0 1 0 3 0 2 -0 0 50 44 1 AM

AT 0 0 6 0 13 0 2 4 1 0 11 2 0 0 0 1 0 2 1 0 7 7 0 0 2 -0 0 345 325 299 AT

AZ 0 0 0 0 1 0 0 0 20 0 0 0 0 1 9 3 1 0 0 1 1 1 8 0 1 -0 0 135 124 4 AZ

BA 1 0 1 0 14 0 4 24 1 0 1 4 0 0 1 2 0 1 1 0 12 2 0 0 1 -0 0 182 165 99 BA

BE 0 0 6 0 2 1 0 0 0 0 0 0 0 0 0 0 0 5 1 0 1 14 0 0 4 0 0 142 116 114 BE

BG 6 0 1 1 16 0 39 27 17 1 1 3 0 0 32 23 0 1 2 9 12 4 0 0 -1 -0 0 357 329 211 BG

BY 0 0 11 3 120 1 9 6 62 6 2 8 0 0 1 48 0 5 21 1 4 27 0 -0 3 -0 -0 602 542 355 BY

CH 0 0 1 0 1 0 0 0 0 0 0 0 -0 0 0 0 0 1 0 0 4 3 0 0 3 -0 0 134 123 92 CH

CY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 6 0 0 0 0 -0 0 20 13 4 CY

CZ 0 0 7 1 38 0 3 8 2 1 4 7 0 0 0 3 0 2 4 0 3 12 0 0 3 0 0 363 338 313 CZ

DE 0 0 77 5 67 3 3 4 6 4 3 5 0 0 0 6 0 30 24 0 11 125 0 0 31 1 0 1710 1488 1429 DE

DK 0 0 10 2 10 0 0 1 1 2 0 1 0 0 0 1 0 4 12 0 1 32 0 0 3 0 0 186 134 128 DK

EE 0 0 3 2 14 0 1 0 12 5 0 1 0 0 0 2 0 2 15 0 0 10 0 -0 1 0 -0 125 97 78 EE

ES 0 0 5 1 5 55 1 1 1 0 1 1 0 0 0 0 0 65 1 0 160 12 0 2 52 0 -0 1190 898 891 ES

FI 0 0 12 11 41 0 2 1 62 29 0 2 0 0 0 6 0 7 51 0 1 41 0 -0 6 0 0 515 408 317 FI

FR 0 0 28 2 15 15 2 2 2 1 3 2 0 0 0 2 0 89 4 0 104 97 0 1 39 0 0 1777 1442 1407 FR

GB 0 0 14 2 7 3 1 1 1 1 0 1 0 0 0 1 0 59 3 0 5 64 0 0 24 1 0 633 478 468 GB

GE 0 0 0 0 1 0 0 0 10 0 0 0 0 0 22 3 0 0 0 3 1 1 2 0 2 -0 0 108 99 6 GE

GL 0 -0 0 1 0 0 -0 0 1 0 0 0 0 -0 0 0 0 1 0 0 0 1 -0 -0 65 0 0 73 6 4 GL

GR 15 0 1 0 9 0 12 20 7 0 0 2 0 0 63 10 0 1 1 6 71 3 0 1 3 -0 0 435 349 224 GR

HR 1 0 1 0 14 0 4 17 1 0 5 4 0 0 1 2 0 1 1 0 22 3 0 0 2 -0 0 221 192 140 HR

HU 1 0 3 0 46 1 17 35 3 1 5 17 0 0 1 9 0 1 2 1 11 6 0 0 3 -0 0 376 351 277 HU

IE 0 0 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 16 1 0 1 6 0 0 7 0 0 82 52 51 IE

IS 0 0 1 0 1 0 -0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 2 0 0 7 0 0 35 21 15 IS

IT 3 1 4 1 16 2 5 18 2 0 18 4 0 0 4 2 0 5 2 1 224 8 0 2 18 -0 1 1396 1135 1053 IT

KG 0 0 0 0 0 0 0 0 3 0 0 0 24 1 1 0 118 0 0 0 0 0 7 0 13 -0 0 272 251 2 KG

KZT 0 0 7 9 29 0 3 2 781 7 0 3 19 22 37 79 149 11 18 5 6 26 46 0 30 -1 1 2073 1932 158 KZT

LT 0 0 7 1 47 0 2 1 12 4 0 2 0 0 0 6 0 2 14 0 1 16 0 0 2 0 0 225 190 158 LT

LU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 15 13 13 LU

LV 0 0 6 2 30 0 1 1 13 6 0 1 0 0 0 4 0 2 17 0 1 16 0 -0 1 0 -0 196 158 131 LV

MD 0 0 1 0 10 0 8 1 7 0 0 1 0 0 3 18 0 0 1 2 1 2 0 0 -1 -0 0 78 73 37 MD

ME 1 0 0 0 1 0 1 8 0 0 0 0 -0 0 0 0 0 0 0 0 5 0 0 0 1 -0 0 40 33 17 ME

MK 11 0 0 0 2 0 2 15 1 0 0 1 0 0 4 1 0 0 0 0 4 1 0 0 1 -0 0 85 79 44 MK

MT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 1 1 MT

NL 0 0 17 1 3 1 0 0 0 0 0 0 0 0 0 0 0 7 2 0 1 27 0 0 6 0 0 176 133 130 NL

NO 0 0 16 47 16 1 0 1 7 17 0 1 0 0 0 1 0 15 27 0 1 74 0 0 14 0 0 437 306 246 NO

PL 1 0 36 5 413 1 16 15 21 8 6 26 0 0 1 38 0 12 44 1 7 70 0 0 14 0 0 1405 1257 1140 PL

PT 0 0 1 0 0 63 0 0 0 0 0 0 -0 -0 0 0 -0 38 0 0 11 1 0 0 17 0 -0 200 132 132 PT

RO 4 0 4 1 65 1 176 39 29 2 3 13 0 0 19 68 0 2 6 10 13 12 0 0 -3 -0 0 707 666 473 RO

RS 7 0 2 0 21 0 22 94 3 0 1 7 0 0 4 6 0 1 2 1 9 4 0 0 1 -0 0 317 300 163 RS

RUE 4 0 65 70 401 3 45 26 5505 83 5 27 4 12 140 518 34 67 208 31 45 226 28 -1 309 -2 5 9853 8935 1865 RUE

SE 0 0 28 27 68 1 2 2 22 62 1 3 0 0 0 5 0 14 85 0 1 107 0 0 13 0 0 799 579 512 SE

SI 0 0 1 0 4 0 1 3 0 0 12 1 0 0 0 1 0 0 0 0 8 1 0 0 1 -0 0 98 88 75 SI

SK 0 0 2 0 41 0 7 11 2 0 3 16 0 0 0 5 0 1 1 0 4 4 0 0 2 -0 0 218 205 176 SK

TJ 0 0 0 0 0 0 0 0 1 0 0 0 45 3 1 0 41 0 0 0 0 0 11 0 15 -0 0 127 101 1 TJ

TM 0 0 1 1 2 0 0 0 31 1 0 0 6 39 7 4 45 1 1 0 1 2 38 0 31 -0 0 252 177 12 TM

TR 2 0 2 1 16 0 15 9 47 1 1 2 0 0 984 42 0 3 3 37 112 6 18 4 21 -0 1 1470 1264 153 TR

UA 3 0 14 6 250 1 66 24 240 7 3 24 0 0 61 442 1 9 25 22 22 39 1 -0 -0 -0 0 1734 1617 743 UA

UZ 0 0 1 1 2 0 0 0 34 1 0 0 28 13 6 4 150 1 1 1 1 2 22 0 20 -0 0 355 307 13 UZ

ATL 1 0 101 118 121 71 1 5 263 48 2 8 0 0 2 19 0 817 92 1 50 379 0 0 2164 6 1 6378 2867 2388 ATL

BAS 0 0 41 14 130 1 5 4 37 38 1 6 0 0 0 11 0 17 113 0 3 114 0 0 14 1 0 1102 841 754 BAS

BLS 2 0 6 3 68 0 54 16 193 3 2 8 0 0 245 194 0 5 11 84 34 18 2 0 -22 -0 0 1166 1033 324 BLS

MED 29 14 18 5 75 19 50 104 39 3 22 17 0 0 705 54 0 53 12 43 2724 52 9 40 75 0 5 6848 3834 2742 MED

NOS 0 0 83 31 75 7 4 5 8 11 2 4 0 0 1 6 0 103 45 0 11 332 0 0 57 3 0 2072 1520 1450 NOS

AST 1 0 3 3 12 0 1 2 188 2 0 1 21 29 170 34 56 4 5 5 72 9 344 4 548 -0 1 1789 797 88 AST

NOA 4 3 4 1 12 6 9 11 9 1 3 2 0 0 69 8 0 13 2 5 578 10 1 38 282 -0 -0 1501 573 453 NOA

SUM 107 19 663 382 2365 264 598 585 7708 357 126 238 147 122 2620 1697 596 1504 887 272 4404 2032 541 94 3907 10 19 53286 SUM

EXC 70 2 407 206 1874 158 474 438 6972 251 94 192 126 93 1429 1369 539 491 606 135 933 1119 184 11 790 0 11 28151 14425 EXC

EU 32 1 282 65 970 150 292 196 215 127 74 110 0 0 131 195 0 369 294 29 665 697 0 7 249 3 3 11374 10203 EU

emis 122 24 790 541 2589 534 674 634 9010 443 136 259 174 198 3384 1836 691 2701 1031 304 5889 2430 1310 292 0 0 0 60498 46541 26426 emis

MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL SUM EXC EU
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Table C.3: 2011 country-to-country blame matrices for reduced nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD ME

AL 69 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 10 1 1 0 0 7 0 0 0 0 0 0 1 AL

AM 0 60 0 42 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 6 0 0 0 0 -0 0 0 2 0 0 0 0 0 AM

AT 0 0 179 0 1 2 0 0 24 0 19 122 1 0 6 0 22 2 0 0 6 10 0 0 59 0 0 0 0 0 0 0 AT

AZ 0 15 0 262 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 19 0 0 0 0 0 AZ

BA 2 0 5 0 51 0 1 1 1 0 4 9 0 0 3 0 2 0 0 2 26 12 0 0 20 0 0 0 0 0 0 1 BA

BE 0 0 2 0 -0 128 0 0 1 0 1 24 0 0 4 0 84 14 -0 0 0 0 2 0 1 -0 0 0 4 0 0 0 BE

BG 3 0 2 0 1 0 157 4 1 0 2 6 1 0 1 0 2 1 0 26 2 7 0 0 5 0 5 0 0 0 5 0 BG

BY 0 0 3 0 1 3 1 524 2 0 8 41 6 1 3 1 11 9 0 0 3 8 1 0 5 0 14 21 0 5 4 0 BY

CH 0 -0 3 0 0 1 0 0 248 0 0 22 0 0 5 0 44 2 0 0 0 0 0 0 36 0 0 0 0 0 0 0 CH

CY 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 CY

CZ 0 0 34 0 1 3 1 1 6 0 186 121 2 0 4 0 23 3 0 0 6 14 0 0 10 0 0 0 0 0 0 0 CZ

DE 0 0 49 0 0 84 0 3 76 0 41 2112 18 0 28 0 317 58 -0 0 2 6 9 0 33 0 0 1 12 0 1 0 DE

DK 0 0 1 0 0 5 0 1 0 0 2 64 138 0 1 0 15 16 -0 0 0 1 2 -0 1 -0 0 0 0 0 0 0 DK

EE 0 0 0 0 0 1 0 7 0 0 1 12 3 27 0 2 3 3 0 0 0 1 0 0 0 0 1 4 0 5 0 0 EE

ES 0 0 2 0 1 3 0 0 2 -0 2 15 0 0 1457 0 93 6 0 0 1 1 2 0 21 -0 0 0 0 0 0 0 ES

FI 0 0 1 0 0 3 0 14 1 -0 3 32 8 6 2 159 10 10 0 0 0 2 2 0 1 0 2 6 0 4 0 0 FI

FR 0 0 14 0 1 41 0 1 49 0 7 116 3 0 233 0 2821 51 0 0 2 3 14 -0 96 0 0 0 4 0 0 0 FR

GB 0 0 1 0 0 12 0 0 1 -0 1 27 2 0 15 0 126 838 -0 0 0 1 107 0 4 -0 0 0 0 0 0 0 GB

GE 0 11 0 37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 112 0 0 0 0 0 0 0 4 0 0 0 0 0 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GL

GR 11 0 2 0 1 0 26 2 0 0 1 4 0 0 2 0 2 0 0 210 1 3 0 0 8 0 2 0 0 0 2 0 GR

HR 1 0 11 0 10 0 1 0 1 0 5 11 0 0 6 0 4 1 0 1 82 18 0 0 40 0 1 0 0 0 0 0 HR

HU 1 0 22 0 4 1 2 2 2 0 12 24 1 0 8 0 9 1 0 2 30 166 0 0 22 0 1 0 0 0 1 0 HU

IE 0 -0 0 0 0 1 0 0 0 -0 0 3 0 0 3 0 13 28 -0 0 0 0 334 -0 1 -0 0 0 0 0 0 0 IE

IS 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 2 3 0 0 0 0 1 14 0 0 0 0 0 0 0 0 IS

IT 5 0 20 0 3 1 3 1 25 0 5 27 0 0 37 0 46 2 0 7 13 8 0 0 1736 -0 1 0 0 0 0 1 IT

KG 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 138 63 0 -0 0 0 0 KG

KZT 0 10 1 42 0 0 1 16 0 0 1 7 1 1 1 1 2 2 11 2 0 1 0 0 2 61 3351 2 0 1 2 0 KZT

LT 0 0 1 0 0 2 0 38 1 0 4 27 5 1 1 1 7 5 0 0 1 2 1 0 1 0 1 78 0 5 1 0 LT

LU 0 -0 0 -0 -0 4 0 0 0 0 0 4 0 0 0 0 10 1 0 0 0 0 0 0 0 0 0 0 4 0 0 0 LU

LV 0 0 1 0 0 2 0 21 0 0 2 21 6 3 1 1 5 5 0 0 0 1 1 0 1 0 1 21 0 33 0 0 LV

MD 0 0 0 0 0 0 1 3 0 0 1 2 0 0 0 0 1 0 0 0 0 1 0 0 1 0 2 0 0 0 27 0 MD

ME 5 0 1 0 2 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 1 1 0 0 4 0 0 0 0 0 0 7 ME

MK 7 0 1 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 15 1 2 0 0 2 0 0 0 0 0 0 0 MK

MT 0 0 0 0 -0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 -0 0 0 0 0 0 0 MT

NL 0 -0 1 -0 -0 44 0 0 1 -0 1 72 1 0 3 0 41 23 -0 -0 0 0 3 -0 1 -0 0 0 0 0 0 0 NL

NO 0 0 1 0 0 7 0 3 1 0 2 44 20 0 5 2 27 36 0 0 0 1 5 0 1 0 0 1 0 1 0 0 NO

PL 0 0 19 0 2 12 1 45 6 0 68 267 22 1 10 1 52 23 0 0 10 30 3 0 16 0 3 11 1 2 3 0 PL

PT 0 0 0 0 0 0 0 0 0 -0 0 2 0 0 79 0 6 1 0 0 0 0 0 0 1 -0 0 0 0 0 0 0 PT

RO 4 0 9 0 4 1 19 11 2 0 8 29 2 0 6 0 10 2 0 6 7 39 0 0 18 0 11 1 0 0 20 1 RO

RS 10 0 5 0 7 0 6 1 1 -0 5 10 1 0 3 0 3 1 0 5 15 25 0 0 13 0 1 0 0 0 1 2 RS

RUE 3 12 12 69 4 11 12 313 8 0 22 146 29 24 16 54 48 36 45 9 7 20 5 0 30 8 2359 44 1 26 16 0 RUE

SE 0 0 2 0 0 10 0 12 2 0 8 98 62 2 4 15 34 35 0 0 1 3 4 0 3 0 1 5 1 2 1 0 SE

SI 0 0 14 0 1 0 0 0 1 0 2 6 0 0 3 0 2 0 0 0 9 3 0 0 29 0 0 0 0 0 0 0 SI

SK 0 0 11 0 2 1 1 1 2 0 15 19 1 0 4 0 6 1 0 1 7 35 0 0 10 0 0 0 0 0 0 0 SK

TJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 -0 0 4 9 0 -0 0 0 -0 TJ

TM 0 2 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 81 0 0 0 0 0 TM

TR 2 8 3 6 1 0 13 4 1 4 2 10 1 0 2 0 4 1 7 17 2 3 0 0 7 0 7 0 0 0 3 0 TR

UA 2 0 8 2 3 3 13 120 3 0 16 62 7 1 7 2 17 9 2 5 6 29 1 0 13 0 56 8 0 2 35 0 UA

UZ 0 2 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 16 109 0 0 0 0 0 UZ

ATL 0 0 12 0 1 35 1 16 11 0 14 201 31 3 299 20 625 486 0 1 2 5 307 30 30 0 21 5 2 2 1 0 ATL

BAS 0 0 5 0 1 16 0 24 4 0 15 247 125 12 7 34 54 37 0 0 2 7 5 -0 5 0 1 16 1 10 1 0 BAS

BLS 1 2 4 6 1 1 29 18 1 0 5 20 2 0 2 1 5 2 19 10 2 7 0 0 6 0 24 2 0 1 17 0 BLS

MED 47 0 28 0 20 4 55 8 19 15 15 55 2 0 310 0 253 9 1 120 33 27 3 0 655 0 6 1 0 0 7 5 MED

NOS 0 0 7 0 1 85 1 4 8 -0 10 325 96 0 31 1 448 531 0 0 2 4 66 0 12 -0 0 2 2 1 0 0 NOS

AST 1 9 1 81 1 0 1 4 1 4 1 4 0 0 1 0 2 0 10 4 1 1 0 0 7 22 515 0 0 0 0 0 AST

NOA 5 0 3 0 4 1 10 2 3 0 2 8 0 0 71 0 45 2 0 13 3 3 1 0 60 0 1 0 0 0 1 1 NOA

SUM 182 133 500 564 133 531 361 1229 516 31 520 4484 598 83 2690 297 5360 2298 228 469 289 513 882 46 3038 250 6678 233 37 104 153 21 SUM

EXC 127 121 440 477 104 390 264 1153 469 11 458 3624 342 68 1969 241 3928 1229 199 320 244 459 500 16 2263 227 6108 207 30 90 126 15 EXC

EU 26 0 386 1 22 362 211 164 203 6 390 3253 276 41 1913 180 3762 1129 1 252 100 336 485 0 2079 0 31 129 28 54 35 3 EU

emis 198 133 513 560 137 555 393 1270 518 42 541 4640 611 85 3135 305 5550 2389 227 507 303 534 895 44 3149 265 7016 241 38 107 163 23 emis

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD ME



APPENDIX C. SR TABLES FOR 2011 C:9

Table C.3 Cont.: 2011 country-to-country blame matrices for reduced nitrogen deposition.

Units: 100 Mg of N. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL SUM EXC EU

AL 3 0 0 0 1 0 2 16 0 0 0 0 0 0 0 -0 0 0 0 -0 -0 0 0 2 5 -0 -0 125 119 28 AL

AM 0 0 0 -0 0 -0 0 0 1 0 0 0 0 0 57 0 0 -0 -0 0 0 -0 34 0 7 0 0 210 168 1 AM

AT 0 0 4 0 6 0 4 3 2 0 17 4 0 0 0 0 0 0 -0 0 0 -0 0 0 9 0 0 504 494 457 AT

AZ 0 0 0 -0 1 0 0 0 23 0 0 0 0 2 21 1 1 -0 0 0 0 0 24 0 8 0 0 390 358 2 AZ

BA 0 0 1 0 5 0 6 21 1 0 1 3 0 0 0 0 0 0 0 0 0 0 0 1 5 0 -0 188 181 76 BA

BE 0 0 25 0 1 0 0 0 0 0 0 0 -0 0 -0 0 0 -0 0 0 0 -1 0 0 4 0 -0 295 292 290 BE

BG 5 0 1 0 8 0 63 27 15 0 0 2 0 0 13 2 0 0 0 -0 0 0 0 1 9 0 0 379 369 284 BG

BY 0 0 6 1 109 0 15 4 54 4 1 4 0 0 1 5 0 0 -1 0 0 0 0 0 15 0 0 897 881 268 BY

CH 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 -0 -0 0 -0 0 0 7 0 -0 371 364 116 CH

CY 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 4 0 0 0 0 0 -0 0 1 1 1 -0 0 14 12 7 CY

CZ 0 0 5 0 28 0 6 6 2 0 4 12 0 0 0 1 0 0 0 0 0 0 0 0 7 0 0 489 481 458 CZ

DE 0 0 195 1 47 1 4 2 3 2 2 3 0 0 0 0 0 1 -1 -0 1 -7 0 0 36 0 -0 3143 3113 3025 DE

DK 0 0 13 1 7 0 0 0 0 3 0 0 0 -0 0 -0 -0 0 -1 -0 0 -2 0 0 4 -0 0 272 271 269 DK

EE 0 0 2 1 10 0 1 0 7 5 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 3 0 0 101 97 82 EE

ES 0 0 2 0 3 44 1 1 0 0 1 1 -0 0 0 0 0 -2 0 0 -5 1 0 11 102 -0 -0 1767 1660 1654 ES

FI 0 0 6 3 25 0 3 1 27 20 0 1 0 0 0 1 0 1 0 0 0 1 0 0 22 0 0 379 355 304 FI

FR 0 0 20 0 8 8 2 1 1 0 2 2 0 0 0 0 -0 -8 0 0 -1 -6 0 3 76 -1 -0 3563 3501 3445 FR

GB 0 0 14 0 3 1 1 0 0 0 0 0 -0 0 0 1 -0 -6 -0 0 0 -3 -0 0 36 -1 0 1187 1161 1156 GB

GE 0 0 0 0 1 0 1 0 25 0 0 0 0 1 78 0 0 0 0 -0 0 0 10 0 10 0 0 292 271 3 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 111 0 0 113 2 1 GL

GR 7 0 0 0 3 0 14 16 6 0 0 1 0 0 19 1 0 0 0 -0 -1 0 0 7 14 -0 -0 366 346 278 GR

HR 0 0 1 0 5 0 6 16 1 0 10 3 -0 0 0 0 0 0 -0 0 0 0 0 1 6 0 0 245 238 124 HR

HU 1 0 2 0 14 0 34 38 4 0 7 18 0 0 0 0 0 0 0 -0 0 0 0 1 8 0 0 441 431 346 HU

IE 0 0 1 0 1 0 0 0 0 0 0 0 -0 -0 0 0 -0 -4 -0 0 0 -1 -0 0 13 -1 0 395 387 387 IE

IS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 40 25 10 IS

IT 1 0 1 0 5 1 7 11 2 0 12 2 -0 0 2 0 0 0 -0 0 -7 0 0 12 41 -0 -1 2030 1985 1920 IT

KG 0 0 0 0 0 -0 0 0 2 0 0 0 36 2 2 0 105 0 0 0 0 0 25 0 37 0 0 414 351 0 KG

KZT 0 0 1 0 11 0 5 1 640 1 0 1 22 46 70 3 128 0 0 0 0 0 219 1 149 0 2 4822 4450 45 KZT

LT 0 0 4 0 53 0 3 1 12 4 0 1 0 0 0 0 0 0 -0 -0 0 1 0 0 5 0 0 267 261 206 LT

LU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 -0 0 -0 0 -0 -0 0 0 0 0 25 24 24 LU

LV 0 0 4 0 25 0 1 1 8 6 0 1 0 0 0 0 0 0 -0 -0 0 1 0 0 5 0 0 178 173 140 LV

MD 0 0 0 0 3 0 24 1 5 0 0 0 0 0 1 1 0 0 -0 -0 0 0 0 0 2 0 0 79 77 36 MD

ME 0 0 0 0 1 0 1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 39 36 12 ME

MK 26 0 0 0 1 0 3 17 1 0 0 0 0 0 1 0 0 0 0 -0 0 0 0 1 3 0 0 87 83 30 MK

MT 0 1 0 0 0 0 0 0 0 0 0 0 -0 0 0 -0 0 -0 -0 -0 -0 0 0 0 0 -0 -0 1 1 1 MT

NL 0 -0 260 0 2 0 0 0 0 0 0 0 -0 0 -0 -0 -0 -0 -0 -0 0 -2 -0 0 4 -0 -0 455 453 452 NL

NO 0 0 13 102 12 0 1 1 2 15 0 0 0 0 0 0 0 1 0 0 0 1 0 0 38 0 0 346 305 196 NO

PL 0 0 26 1 1008 0 28 12 17 8 5 20 0 0 0 3 0 1 -0 0 1 1 0 0 24 0 0 1768 1741 1635 PL

PT 0 0 0 0 0 131 0 0 0 0 0 0 -0 -0 0 0 0 1 0 0 -0 0 0 1 28 0 0 250 220 220 PT

RO 2 0 2 0 26 0 592 43 27 1 2 7 0 0 6 2 0 0 0 -0 1 0 0 1 19 0 0 944 923 783 RO

RS 6 0 1 0 7 0 37 256 3 0 1 4 0 0 1 0 0 0 -0 -0 0 0 0 1 7 0 -0 440 431 125 RS

RUE 2 0 21 8 195 1 68 18 8802 36 3 10 4 26 177 54 32 2 2 0 2 5 140 2 1034 1 4 14043 12851 882 RUE

SE 0 0 22 18 52 0 4 2 10 184 0 2 0 0 0 2 0 1 -1 0 0 1 0 0 32 0 0 637 603 555 SE

SI 0 0 0 0 1 0 2 2 1 0 42 1 0 0 0 0 0 0 -0 0 0 -0 0 0 2 0 0 122 119 106 SI

SK 0 0 1 0 20 0 13 10 2 0 3 55 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 229 223 197 SK

TJ 0 -0 0 0 0 -0 0 0 1 0 0 0 126 4 1 0 34 -0 0 0 0 -0 37 0 32 0 -0 249 179 0 TJ

TM 0 0 0 0 0 0 0 0 19 0 0 0 6 109 12 1 39 0 0 0 0 0 50 0 49 0 0 380 281 2 TM

TR 1 0 1 0 7 0 18 7 33 0 0 1 0 1 2336 -1 0 0 0 -1 -0 0 128 30 100 0 -5 2768 2516 97 TR

UA 1 0 6 1 138 0 113 18 193 4 2 11 0 1 40 80 0 1 0 0 1 1 1 1 39 0 0 1090 1044 479 UA

UZ 0 0 0 0 0 0 0 0 20 0 0 0 41 23 10 0 228 0 0 0 0 0 34 0 39 0 0 534 460 2 UZ

ATL 0 0 54 48 53 61 6 2 98 21 2 3 0 0 1 5 0 -15 2 0 2 3 2 5 3763 -2 0 6277 2516 2278 ATL

BAS 0 0 38 6 120 0 7 3 20 83 1 3 0 0 0 0 0 1 -7 0 0 -5 0 0 28 -1 0 930 913 849 BAS

BLS 1 0 2 0 26 0 70 11 156 1 1 3 0 1 239 20 0 0 0 -2 1 0 10 3 30 -0 1 764 721 199 BLS

MED 12 8 4 0 25 7 66 70 28 1 13 7 0 0 284 9 0 1 0 0 -19 1 57 249 313 -1 1 2836 2233 1684 MED

NOS 0 0 183 22 37 3 4 3 2 13 1 2 0 0 0 0 -0 -3 -2 0 0 -12 0 0 97 -2 0 1988 1909 1865 NOS

AST 0 0 1 0 4 0 2 1 143 0 0 0 30 59 187 2 42 -0 0 0 -0 0 3392 15 856 0 -4 5404 1144 35 AST

NOA 2 1 1 0 5 3 11 9 4 0 1 1 0 0 28 2 0 1 0 0 5 0 2 447 342 0 1 1106 307 243 NOA

SUM 75 11 945 214 2123 266 1251 664 10424 416 138 191 267 274 3597 200 610 -23 -7 -2 -14 -20 4167 804 7657 -5 0 67668 SUM

EXC 59 2 663 138 1853 192 1084 563 9972 297 119 171 237 214 2857 162 567 -9 -1 -1 -3 -9 705 84 2228 0 1 45367 21213 EXC

EU 18 1 612 26 1357 189 783 178 145 235 100 132 0 0 46 15 0 -14 -3 -0 -8 -16 1 40 509 -1 -1 19696 18682 EU

emis 81 13 977 215 2227 385 1311 709 11148 426 142 199 283 363 4202 207 672 0 0 0 0 0 7258 1945 0 0 0 67852 58650 29911 emis

MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL SUM EXC EU
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Table C.4: 2011 country-to-country blame matrices for AOT40uc
f .

Units: ppb.h per 15% emis. red. of NOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 446 0 37 1 62 3 86 10 7 0 32 63 3 1 57 4 68 16 1 99 53 50 2 1 262 0 5 2 1 1 5 AL

AM 1 414 3 569 1 1 3 6 1 4 3 12 1 1 9 2 9 5 206 6 1 3 1 0 9 0 30 1 0 1 2 AM

AT 1 0 238 1 11 -8 6 7 61 0 44 255 2 2 68 7 240 13 1 4 46 43 6 3 304 0 3 4 3 3 2 AT

AZ 0 38 2 943 1 1 3 11 1 1 4 14 3 1 9 5 9 10 175 3 1 3 1 1 5 0 87 2 0 1 2 AZ

BA 10 0 89 1 542 4 30 14 9 0 77 129 4 1 70 7 91 23 2 21 220 134 4 2 250 0 3 4 2 2 4 BA

BE 0 0 8 0 1 -379 1 5 7 0 6 -70 2 1 42 6 267 -46 0 0 2 5 10 4 11 0 0 3 -27 1 1 BE

BG 6 1 27 3 19 2 589 30 5 0 31 81 6 2 21 9 40 20 4 78 16 60 3 2 43 0 10 7 1 3 32 BG

BY 0 0 5 0 1 2 2 250 1 0 13 66 13 9 7 21 31 36 0 1 2 9 6 4 5 0 7 39 2 17 10 BY

CH 0 0 35 1 3 -3 3 2 301 0 2 49 1 1 102 3 600 16 1 2 8 9 7 2 487 0 1 1 1 1 1 CH

CY 3 1 6 4 4 1 21 13 2 342 6 20 2 1 16 3 18 8 7 103 3 8 1 1 46 0 5 3 0 1 4 CY

CZ 1 0 103 0 10 -5 6 13 18 0 15 263 4 3 43 14 198 25 0 3 30 62 8 4 44 0 2 7 3 4 2 CZ

DE 0 0 20 0 1 -46 1 8 24 0 7 -14 2 3 45 12 268 10 0 0 3 9 12 5 28 0 1 5 -7 3 2 DE

DK 0 0 2 0 0 -16 0 7 0 0 -1 -37 -68 2 7 19 39 81 0 0 0 2 27 7 1 0 1 10 -0 5 1 DK

EE 0 0 1 0 0 -1 0 46 0 0 4 42 23 49 3 38 23 48 0 0 0 1 10 5 1 0 4 22 1 32 1 EE

ES 0 0 6 0 2 4 1 2 4 0 2 22 1 0 1140 1 188 24 0 3 3 3 6 2 51 0 0 1 2 0 0 ES

FI 0 0 1 0 0 0 0 15 0 0 2 23 9 11 2 74 12 21 0 0 0 1 4 3 1 0 1 8 1 7 0 FI

FR 0 0 12 0 2 -9 2 4 16 0 5 33 1 1 170 3 795 22 0 2 5 6 12 3 101 0 0 2 -2 1 1 FR

GB 0 0 1 0 0 -13 0 2 1 0 1 -5 2 1 22 6 50 -191 0 0 0 1 29 6 6 0 0 1 -0 1 0 GB

GE 0 63 3 350 1 1 5 16 1 1 6 19 3 1 10 5 10 8 787 5 1 6 1 1 6 0 32 3 0 2 5 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GL

GR 46 0 21 2 22 3 308 20 5 0 23 50 4 2 36 6 50 18 3 619 18 35 2 1 130 0 8 4 1 2 16 GR

HR 6 0 141 1 196 3 20 13 11 0 87 176 3 2 62 7 117 26 1 16 403 155 4 2 326 0 3 5 2 3 3 HR

HU 1 0 106 1 37 -1 32 28 10 0 87 171 5 3 47 10 99 28 0 6 86 329 5 3 88 0 4 8 2 5 7 HU

IE 0 0 1 0 0 -6 0 1 0 0 1 -6 1 1 14 6 23 -26 0 0 0 1 22 3 3 0 0 1 0 1 0 IE

IS 0 0 0 0 0 0 0 0 0 0 -0 2 1 0 3 2 4 20 0 0 0 0 2 15 1 0 0 0 0 0 0 IS

IT 5 0 85 1 32 3 15 7 35 0 20 85 1 1 111 4 308 20 1 23 63 32 5 2 1080 0 2 2 2 1 2 IT

KG 0 3 3 14 1 1 1 2 1 0 2 12 1 0 20 1 13 5 5 1 1 2 1 0 12 503 260 1 0 0 0 KG

KZT 0 1 2 8 1 2 2 9 1 0 2 15 3 2 13 10 13 15 3 1 1 2 2 1 8 16 345 3 0 2 1 KZT

LT 0 0 4 0 0 -1 1 135 1 0 12 65 24 10 6 25 32 51 0 0 1 8 9 5 3 0 4 118 1 30 5 LT

LU 0 0 10 0 1 -75 1 5 12 0 10 -54 1 1 54 6 340 -0 0 0 3 6 8 3 12 0 1 3 -676 2 1 LU

LV 0 0 3 0 0 0 1 87 1 0 7 55 26 20 5 32 28 50 0 0 1 3 10 5 2 0 5 66 1 71 2 LV

MD 0 0 13 2 3 2 23 73 3 0 24 59 7 3 13 13 34 22 2 3 4 33 3 2 14 0 12 11 1 4 169 MD

ME 69 0 49 1 178 3 64 12 9 0 48 82 4 1 60 5 74 18 1 51 84 79 3 1 239 0 4 3 2 2 5 ME

MK 85 0 33 2 36 2 237 14 7 0 37 69 4 1 47 6 60 17 2 49 24 68 2 1 124 0 5 4 1 2 9 MK

MT 9 0 23 0 20 5 22 6 6 0 10 41 1 1 110 3 237 26 0 55 22 14 5 2 438 0 2 1 1 1 2 MT

NL 0 0 4 0 0 -135 0 7 3 0 8 -89 1 2 19 10 74 -38 0 0 1 3 19 5 6 0 0 3 -6 2 1 NL

NO 0 0 1 0 0 -1 0 4 0 0 2 17 7 2 5 14 17 41 0 0 0 1 7 3 1 0 1 3 0 2 0 NO

PL 0 0 21 0 4 -6 7 42 4 0 33 124 14 5 18 16 80 42 0 2 10 41 10 4 13 0 2 18 3 8 6 PL

PT 0 0 4 0 1 3 0 1 2 0 2 18 1 0 594 1 85 22 0 1 1 1 6 1 23 0 0 0 2 0 0 PT

RO 1 0 32 1 13 2 79 42 5 0 38 88 7 3 23 11 45 20 1 8 16 86 3 2 33 0 9 8 1 3 40 RO

RS 19 0 51 2 79 2 134 19 8 0 63 109 4 2 44 7 69 22 2 35 48 140 3 2 98 0 5 4 1 2 11 RS

RUE 0 0 1 3 0 1 0 8 0 0 1 7 2 2 2 6 4 6 2 0 0 1 1 1 1 0 23 2 0 1 1 RUE

SE 0 0 2 0 1 -1 1 12 0 0 5 26 10 6 4 33 20 46 0 0 1 3 9 3 1 0 2 9 1 6 1 SE

SI 3 0 240 1 33 2 9 7 18 0 60 224 1 2 61 6 157 25 1 8 234 87 4 3 457 0 3 5 3 3 2 SI

SK 1 0 75 0 14 -2 24 31 9 0 103 151 6 3 37 11 98 30 0 5 40 247 6 3 55 0 3 11 3 6 5 SK

TJ 0 3 3 13 1 1 1 2 1 0 2 8 0 0 18 1 10 3 5 1 1 2 0 0 12 45 93 1 0 0 0 TJ

TM 0 7 3 43 1 2 2 9 2 1 3 18 3 2 18 7 15 14 11 2 1 2 2 1 11 4 224 3 1 2 1 TM

TR 2 17 7 28 3 1 25 21 2 9 9 26 3 1 15 5 16 9 36 29 3 10 1 1 20 0 11 4 0 2 11 TR

UA 0 1 9 3 3 1 10 88 2 0 19 53 8 5 11 16 28 27 3 3 4 21 4 3 10 0 21 13 1 6 26 UA

UZ 0 4 3 19 1 2 2 8 1 0 3 16 3 2 16 7 14 13 8 2 1 2 2 1 10 19 294 2 0 1 1 UZ

ATL 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ATL

BAS 0 0 1 0 0 -5 0 16 0 0 3 13 3 10 3 26 19 33 0 0 1 2 9 3 1 0 1 13 1 12 1 BAS

BLS 0 1 2 5 0 0 8 14 0 0 4 11 2 1 2 4 4 5 18 1 1 4 1 1 2 0 6 3 0 1 7 BLS

MED 3 0 9 1 8 1 21 4 2 2 5 14 1 0 39 1 56 6 1 35 13 7 1 0 79 0 1 1 0 0 2 MED

NOS 0 0 0 0 0 -8 0 1 0 0 0 -5 -0 0 4 2 11 -10 0 0 0 0 6 2 1 0 0 1 -0 0 0 NOS

AST 0 3 2 24 1 1 2 3 1 7 1 7 1 0 10 2 7 4 5 6 1 1 0 0 9 27 93 1 0 0 1 AST

NOA 2 0 4 0 3 1 8 2 2 0 2 8 0 0 57 1 41 4 0 25 3 3 1 0 56 0 1 0 0 0 1 NOA

EXC 1 2 7 10 4 -1 9 14 3 0 5 20 3 2 41 9 46 10 6 6 5 8 3 1 29 7 66 4 0 2 3 EXC

EU 2 0 26 0 7 -10 32 17 10 1 15 50 4 4 191 16 203 13 0 23 13 27 9 3 118 0 2 8 -0 5 5 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:11

Table C.4 Cont.: 2011 country-to-country blame matrices for AOT40uc
f .

Units: ppb.h per 15% emis. red. of NOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 49 112 1 4 7 73 4 79 399 63 6 8 21 0 0 37 44 0 27 8 10 231 14 1 3 167 0 0 2289 986 AL

AM 0 1 0 1 3 15 1 9 3 157 2 1 2 0 15 363 37 10 9 3 24 34 5 151 4 145 0 0 1923 103 AM

AT 1 1 0 -17 11 49 4 27 22 46 8 71 20 0 0 7 25 0 68 4 2 39 -3 0 1 171 0 0 1642 1395 AT

AZ 0 0 0 2 7 21 1 8 3 467 5 0 2 0 33 111 60 22 17 8 19 13 10 122 2 136 0 0 2082 118 AZ

BA 44 7 0 2 9 113 5 76 196 55 7 17 48 0 0 13 35 0 45 7 6 88 14 1 2 176 0 0 2378 1212 BA

BE 0 0 0 -124 13 21 6 5 1 16 5 1 5 0 0 0 12 0 100 0 0 6 -127 0 0 149 0 0 -175 -240 BE

BG 5 22 0 2 13 118 2 329 161 223 11 6 26 0 0 51 212 0 37 15 83 25 17 1 1 164 0 0 2332 1517 BG

BY 0 0 0 1 18 185 1 20 4 242 21 1 10 0 0 1 157 0 59 40 3 1 30 0 0 136 0 0 1222 521 BY

CH 0 1 0 -4 6 19 5 12 8 21 3 10 4 0 0 4 13 0 67 2 1 47 6 0 1 182 0 0 1736 1364 CH

CY 1 7 0 2 4 32 1 26 19 105 3 1 5 0 0 1046 72 0 13 5 45 882 6 7 9 152 0 0 1980 677 CY

CZ 1 1 0 -11 18 65 3 25 28 52 13 19 47 0 0 3 36 0 84 11 1 10 11 0 0 167 0 0 1182 962 CZ

DE 0 0 0 -66 22 37 4 9 3 33 12 3 8 0 0 1 21 0 102 -11 1 7 -53 0 0 165 0 0 490 366 DE

DK 0 0 0 -38 56 41 1 2 1 28 26 0 2 0 0 0 8 0 153 -148 0 1 -87 0 0 157 0 0 218 109 DK

EE 0 0 0 -3 31 60 0 3 1 180 51 0 1 0 0 0 18 0 75 77 0 0 44 0 0 123 0 0 696 410 EE

ES 0 1 0 2 3 6 165 4 4 4 1 2 1 0 0 2 4 0 166 1 0 132 14 0 4 240 0 0 1670 1638 ES

FI 0 0 0 -0 24 23 0 2 1 92 36 0 1 0 0 0 8 0 37 39 0 0 25 0 0 70 0 0 382 237 FI

FR 0 0 0 -12 9 16 9 8 5 14 4 4 3 0 0 1 9 0 124 1 0 67 -11 0 1 178 0 0 1258 1187 FR

GB 0 0 0 -18 20 6 3 1 0 7 9 0 1 0 0 0 4 0 140 -1 0 4 -70 0 0 126 0 0 -44 -85 GB

GE 0 1 0 2 7 30 1 16 4 352 5 1 4 0 13 257 95 9 15 8 111 15 9 51 3 139 0 0 2148 154 GE

GL 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 9 0 0 3 2 GL

GR 6 74 1 3 8 80 2 131 133 145 7 4 17 0 0 178 121 0 27 10 56 284 15 1 3 170 0 0 2366 1559 GR

HR 8 4 0 1 9 103 4 62 118 52 7 56 50 0 0 8 34 0 53 6 4 125 13 0 1 159 0 0 2312 1438 HR

HU 2 3 0 -0 13 194 3 166 124 81 9 22 129 0 0 4 86 0 60 11 6 21 16 0 0 158 0 0 2041 1550 HU

IE 0 0 0 -12 11 6 2 1 0 5 6 0 0 0 0 0 3 0 114 -1 0 2 -16 0 0 101 0 0 65 40 IE

IS 0 0 0 0 15 1 1 0 0 4 2 0 0 0 0 0 0 0 31 1 0 1 8 0 0 27 0 0 74 38 IS

IT 4 6 1 -0 6 33 5 29 37 28 3 38 12 0 0 12 18 0 56 4 3 298 10 0 4 167 0 0 2180 1920 IT

KG 0 0 0 2 2 7 2 3 3 83 1 1 1 217 27 33 8 575 7 2 1 6 3 111 1 229 0 0 1833 93 KG

KZT 0 0 0 2 12 15 1 5 2 549 9 1 1 5 8 16 31 33 24 10 2 4 13 20 0 194 0 0 1177 132 KZT

LT 0 0 0 -5 24 172 0 9 2 137 35 1 8 0 0 1 80 0 85 63 1 1 36 0 0 145 0 0 1015 621 LT

LU 0 0 0 -50 12 30 6 7 2 22 6 3 6 0 0 1 15 0 82 1 1 8 -30 0 0 150 0 0 -261 -341 LU

LV 0 0 0 -4 31 107 0 5 1 167 42 0 4 0 0 0 38 0 81 77 1 1 41 0 0 138 0 0 873 534 LV

MD 1 1 0 2 16 173 1 167 9 286 14 2 25 0 0 16 458 1 46 21 39 5 19 1 0 158 0 0 1726 668 MD

ME 343 22 1 3 9 104 4 83 431 61 8 9 35 0 0 20 40 0 36 8 7 164 14 1 3 178 0 0 2321 1031 ME

MK 15 395 0 3 8 95 3 124 474 94 8 6 28 0 0 57 70 0 31 10 20 77 14 1 2 179 0 0 2330 1030 MK

MT 4 6 -240 4 6 21 4 25 41 26 3 8 6 0 0 25 20 0 58 4 6 100 15 0 8 155 0 0 1022 827 MT

NL 0 0 0 -396 23 21 3 3 0 13 9 1 3 0 0 0 12 0 101 -10 0 3 -268 0 0 133 0 0 -409 -476 NL

NO 0 0 0 -1 75 23 1 2 1 21 29 0 1 0 0 0 5 0 55 10 0 0 16 0 0 69 0 0 286 175 NO

PL 0 1 0 -12 22 201 2 38 18 73 21 5 37 0 0 2 82 0 86 26 2 3 13 0 0 155 0 0 1012 741 PL

PT 0 0 0 1 2 4 581 2 1 3 1 1 1 0 0 1 3 0 263 1 0 50 11 0 2 224 0 0 1372 1354 PT

RO 2 3 0 1 14 162 2 655 58 189 13 5 43 0 0 11 252 0 42 18 40 10 16 1 0 161 0 0 2032 1371 RO

RS 30 28 0 2 10 131 3 221 432 98 9 9 56 0 0 16 76 0 43 9 15 34 15 1 1 166 0 0 2106 1222 RS

RUE 0 0 0 1 6 9 0 2 1 250 5 0 1 0 0 3 20 1 11 6 2 1 6 1 0 50 0 0 377 57 RUE

SE 0 0 0 -3 42 57 1 4 2 50 68 0 2 0 0 1 12 0 60 35 0 1 22 0 0 91 0 0 436 310 SE

SI 1 2 0 -5 8 60 3 37 44 44 6 227 32 0 0 6 24 0 56 4 3 111 7 0 1 153 0 0 2149 1714 SI

SK 1 2 0 -3 14 196 2 98 68 78 9 16 289 0 0 4 95 0 65 13 4 12 16 0 0 156 0 0 1846 1477 SK

TJ 0 0 0 1 1 6 1 3 3 56 1 1 1 636 53 32 7 477 4 1 1 6 2 215 1 246 0 0 1508 78 TJ

TM 0 0 0 3 8 18 2 5 3 334 7 1 2 13 196 46 30 221 20 9 4 8 11 115 1 250 0 0 1302 146 TM

TR 1 3 0 2 7 45 1 38 17 217 6 2 6 0 2 1128 136 2 17 9 90 108 9 42 6 202 0 0 1941 294 TR

UA 0 1 0 2 17 164 1 66 11 432 15 2 20 0 1 13 451 1 48 25 26 4 23 1 0 156 0 0 1595 516 UA

UZ 0 0 0 2 8 15 2 5 3 329 7 1 2 80 44 35 25 389 18 8 3 7 11 60 1 231 0 0 1400 132 UZ

ATL 0 0 0 -0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 3 0 0 8 6 ATL

BAS 0 0 0 -11 24 49 0 2 1 51 28 0 2 0 0 0 11 0 63 -45 0 0 2 0 0 81 0 0 326 215 BAS

BLS 0 0 0 1 4 22 0 21 4 161 4 0 3 0 0 32 112 1 9 6 78 2 5 1 0 37 0 0 474 105 BLS

MED 1 3 1 1 2 14 2 16 13 29 1 3 3 0 0 63 23 0 16 2 13 163 4 1 3 46 0 0 490 321 MED

NOS 0 0 0 -14 14 4 1 0 0 4 4 0 0 0 0 0 1 0 42 -6 0 1 -69 0 0 37 0 0 20 -2 NOS

AST 0 1 0 1 2 7 1 3 2 99 2 0 1 26 26 141 14 61 6 2 4 50 3 341 2 184 0 0 609 77 AST

NOA 1 2 1 1 1 6 4 7 7 9 1 1 1 0 0 30 7 0 11 1 3 163 3 0 24 78 0 0 305 234 NOA

EXC 1 2 0 -2 10 28 7 19 9 233 8 2 5 8 7 48 42 24 31 8 7 18 6 11 1 106 0 0 779 271 EXC

EU 1 4 0 -14 17 60 35 62 22 57 18 8 16 0 0 11 42 0 94 12 7 61 -2 0 1 156 0 0 1134 921 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.5: 2011 country-to-country blame matrices for AOT40uc
f .

Units: ppb.h per 15% emis. red. of VOC. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 51 0 20 1 14 7 7 12 9 0 22 96 5 1 17 2 51 43 1 90 20 19 2 0 163 0 2 2 1 2 1 AL

AM 0 126 2 86 1 2 1 9 1 0 4 21 1 0 3 1 9 9 78 3 1 2 0 0 13 0 4 1 0 1 1 AM

AT 1 0 165 1 2 20 1 9 59 0 40 366 6 1 20 3 123 72 1 2 14 13 3 0 188 0 1 3 2 3 1 AT

AZ 0 9 2 264 0 2 1 17 1 0 5 30 3 1 3 3 11 18 94 2 1 2 1 0 9 0 10 2 0 2 1 AZ

BA 2 0 26 1 35 10 2 10 9 0 32 153 6 1 17 3 60 51 1 5 27 27 2 0 130 0 1 3 1 2 2 BA

BE 0 0 8 0 0 91 0 6 5 0 14 225 6 1 11 3 160 134 0 0 2 3 4 0 12 0 0 2 5 2 0 BE

BG 1 0 13 2 3 7 23 25 6 0 23 112 7 1 7 3 38 42 3 10 5 15 2 0 35 0 3 4 1 3 5 BG

BY 0 0 4 1 0 9 0 127 2 0 13 90 8 2 3 7 29 54 0 0 1 3 3 0 6 0 2 9 1 5 1 BY

CH 0 0 30 1 1 17 1 4 250 0 12 191 3 1 22 2 177 62 1 1 4 4 3 0 383 0 1 1 2 2 0 CH

CY 2 1 6 8 2 3 6 27 4 29 9 49 3 1 7 2 22 23 9 38 4 5 1 0 56 0 4 3 0 3 2 CY

CZ 0 0 52 1 2 24 1 15 22 0 145 349 8 1 13 4 112 88 0 1 7 14 3 0 41 0 1 4 2 3 1 CZ

DE 0 0 26 0 0 41 0 9 31 0 29 445 11 1 12 4 141 120 0 0 2 4 4 0 30 0 1 3 4 3 1 DE

DK 0 0 2 0 0 22 0 8 1 0 11 195 59 2 3 5 45 208 0 0 0 1 8 0 1 0 1 4 1 4 0 DK

EE 0 0 1 0 0 13 0 23 1 0 4 83 11 13 1 17 25 85 0 0 0 1 4 0 2 0 1 4 1 8 0 EE

ES 0 0 4 0 1 5 0 4 3 0 3 31 2 0 193 1 59 37 0 1 2 2 2 0 44 0 0 1 0 1 0 ES

FI 0 0 1 0 0 4 0 10 0 0 2 30 5 3 1 15 10 37 0 0 0 0 1 0 1 0 0 2 0 2 0 FI

FR 0 0 9 0 1 19 1 6 16 0 9 104 5 1 40 2 199 91 0 1 3 3 3 0 82 0 0 2 2 2 0 FR

GB 0 0 2 0 0 10 0 2 2 0 3 45 4 1 8 2 52 216 0 0 0 1 5 0 9 0 0 1 0 1 0 GB

GE 0 13 2 76 1 2 1 18 1 0 6 31 2 1 3 2 11 15 263 2 1 2 1 0 10 0 5 2 0 2 1 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GL

GR 10 0 13 2 6 6 14 23 6 0 19 81 5 1 11 3 39 44 2 123 9 13 2 0 92 0 3 3 1 2 3 GR

HR 2 0 48 1 17 14 2 11 12 0 41 210 6 2 19 3 78 64 1 6 54 30 2 0 204 0 1 3 2 2 1 HR

HU 0 0 44 1 4 16 2 20 12 0 52 224 7 1 15 4 74 70 0 2 12 56 3 0 59 0 1 4 2 3 2 HU

IE 0 0 1 0 0 6 0 2 1 0 2 31 2 0 6 2 19 71 0 0 0 0 8 0 5 0 0 1 0 1 0 IE

IS 0 0 0 0 0 1 0 0 0 0 1 11 1 0 1 1 4 10 0 0 0 0 0 0 1 0 0 0 0 0 0 IS

IT 2 0 43 1 7 14 2 7 32 0 19 148 3 1 38 2 135 62 1 7 24 11 3 0 1057 0 1 2 1 2 1 IT

KG 0 1 1 7 0 1 0 4 1 0 2 12 1 0 4 1 7 6 3 1 1 1 0 0 9 43 10 1 0 1 0 KG

KZT 0 1 2 5 0 3 0 11 1 0 3 25 3 1 4 3 11 20 2 1 1 1 1 0 8 2 9 2 0 2 0 KZT

LT 0 0 4 0 0 13 0 59 2 0 13 116 14 3 2 6 35 94 0 0 1 3 4 0 3 0 1 24 1 9 1 LT

LU 0 0 12 0 0 50 0 6 9 0 15 265 6 1 14 3 179 98 0 0 2 3 3 0 14 0 1 2 19 2 0 LU

LV 0 0 3 1 0 13 0 40 1 0 8 104 13 5 2 8 31 92 0 0 0 2 4 0 3 0 2 10 1 20 1 LV

MD 0 0 8 2 1 8 2 36 3 0 20 98 8 1 5 4 32 46 2 1 2 8 2 0 14 0 3 4 1 2 15 MD

ME 10 0 19 1 18 7 4 12 8 0 23 109 6 1 15 2 51 43 1 11 18 21 2 0 126 0 1 3 1 2 2 ME

MK 9 0 16 1 6 6 10 14 7 0 22 91 5 1 12 3 42 38 2 97 8 19 2 0 71 0 2 3 1 2 2 MK

MT 5 0 16 1 8 9 4 10 8 0 10 77 3 1 49 2 111 57 1 21 14 10 3 0 448 0 1 2 1 2 1 MT

NL 0 0 4 0 0 57 0 6 2 0 12 221 12 1 6 3 89 169 0 0 1 2 6 0 7 0 0 2 2 2 0 NL

NO 0 0 1 0 0 5 0 4 0 0 2 37 9 1 1 2 14 44 0 0 0 1 2 0 1 0 0 1 0 1 0 NO

PL 0 0 15 0 1 21 1 29 6 0 43 236 14 1 6 4 66 109 0 1 3 10 4 0 13 0 1 6 2 4 1 PL

PT 0 0 3 0 0 4 0 3 2 0 3 27 2 0 99 1 36 36 0 0 1 1 2 0 23 0 0 1 0 1 0 PT

RO 0 0 13 1 2 9 4 24 6 0 26 120 8 1 7 3 41 46 1 2 4 15 2 0 28 0 2 3 1 2 5 RO

RS 2 0 22 1 10 9 6 17 8 0 35 143 8 1 12 3 52 49 1 7 12 34 2 0 62 0 1 4 1 3 3 RS

RUE 0 0 1 1 0 1 0 6 0 0 1 11 1 0 1 1 4 8 1 0 0 0 0 0 2 0 2 1 0 1 0 RUE

SE 0 0 1 0 0 7 0 10 1 0 4 53 12 2 1 7 17 63 0 0 0 1 3 0 2 0 1 3 0 3 0 SE

SI 2 0 101 1 5 17 1 9 21 0 37 269 5 1 21 3 99 66 1 4 47 23 2 0 309 0 1 3 2 3 1 SI

SK 0 0 33 0 2 16 2 25 11 0 61 211 7 2 12 4 69 73 0 2 7 33 3 0 42 0 1 6 2 4 1 SK

TJ 0 1 1 7 0 1 0 4 1 0 1 10 1 0 3 1 6 5 3 1 1 1 0 0 8 5 6 1 0 1 0 TJ

TM 0 3 3 24 0 3 0 15 2 0 4 31 3 1 5 4 14 21 9 1 1 2 1 0 13 1 12 3 0 2 1 TM

TR 1 5 5 12 1 3 4 21 3 1 8 44 3 1 5 2 16 18 16 9 2 4 1 0 23 0 3 3 0 2 2 TR

UA 0 0 6 3 1 8 1 45 2 0 16 88 7 2 4 5 27 47 2 1 2 6 2 0 11 0 3 5 1 3 3 UA

UZ 0 2 2 11 0 3 0 12 2 0 3 27 3 1 5 3 13 19 5 1 1 1 1 0 11 8 11 2 0 2 0 UZ

ATL 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 ATL

BAS 0 0 1 0 0 10 0 12 1 0 5 84 20 5 1 13 21 88 0 0 0 1 4 0 1 0 1 4 0 6 0 BAS

BLS 0 1 1 4 0 1 1 11 1 0 4 21 2 0 1 1 6 10 8 1 1 2 0 0 3 0 1 1 0 1 1 BLS

MED 2 0 5 1 2 2 2 6 3 0 5 26 1 0 14 1 26 15 1 15 5 3 1 0 82 0 1 1 0 1 1 MED

NOS 0 0 1 0 0 5 0 1 0 0 1 27 4 0 1 1 17 56 0 0 0 0 2 0 2 0 0 0 0 0 0 NOS

AST 0 1 1 11 0 1 1 5 1 1 2 12 1 0 3 1 6 7 4 3 1 1 0 0 10 2 4 1 0 1 0 AST

NOA 1 0 3 0 1 2 1 3 2 0 2 14 1 0 16 0 19 10 0 7 2 2 1 0 39 0 0 1 0 0 0 NOA

EXC 0 1 4 4 1 4 1 10 3 0 6 43 3 1 9 2 22 26 3 2 1 2 1 0 26 1 3 2 0 1 1 EXC

EU 1 0 16 1 1 15 2 12 11 0 18 137 7 1 37 4 81 81 0 5 5 7 3 0 109 0 1 3 1 3 1 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:13

Table C.5 Cont.: 2011 country-to-country blame matrices for AOT40uc
f .

Units: ppb.h per 15% emis. red. of VOC. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 8 17 0 12 4 62 2 28 99 42 6 5 11 0 0 10 18 0 1 1 0 10 2 0 0 275 0 0 984 674 AL

AM 0 0 0 2 1 16 0 5 2 69 2 0 2 0 0 34 15 0 0 0 0 1 1 6 0 113 0 0 531 101 AM

AT 0 0 0 31 4 70 2 10 7 31 7 19 10 0 0 2 9 0 1 1 0 2 4 0 0 276 0 0 1322 1180 AT

AZ 0 0 0 4 3 26 1 5 2 169 5 0 2 0 1 20 27 1 0 1 0 1 1 15 0 220 0 0 761 140 AZ

BA 2 1 0 19 4 85 2 25 45 31 6 5 15 0 0 3 14 0 1 1 0 3 3 0 0 243 0 0 878 691 BA

BE 0 0 0 60 4 31 2 3 1 11 5 1 3 0 0 0 4 0 1 1 0 0 10 0 0 218 0 0 818 783 BE

BG 0 1 0 12 5 82 1 62 26 90 9 2 11 0 0 17 47 0 1 1 1 1 2 0 0 252 0 0 765 526 BG

BY 0 0 0 14 5 97 0 8 2 106 11 1 5 0 0 1 34 0 1 2 0 0 3 0 0 180 0 0 664 381 BY

CH 0 0 0 17 2 33 2 7 3 17 3 5 3 0 0 1 6 0 1 0 0 2 3 0 0 225 0 0 1275 983 CH

CY 0 2 0 5 3 43 1 24 10 98 5 1 5 0 0 374 40 0 0 1 1 16 1 1 2 354 0 0 941 351 CY

CZ 0 0 0 32 5 143 1 10 9 32 9 6 15 0 0 1 11 0 1 2 0 1 6 0 0 285 0 0 1190 1082 CZ

DE 0 0 0 57 5 69 2 5 2 21 10 1 4 0 0 1 8 0 1 2 0 1 9 0 0 270 0 0 1107 1027 DE

DK 0 0 0 50 15 46 1 2 1 21 26 0 2 0 0 0 5 0 2 8 0 0 15 0 0 228 0 0 747 696 DK

EE 0 0 0 22 6 32 0 2 1 102 19 0 1 0 0 0 6 0 1 4 0 0 5 0 0 164 0 0 491 348 EE

ES 0 0 0 6 1 11 28 4 2 6 2 1 1 0 0 1 3 0 3 0 0 9 2 0 1 223 0 0 465 440 ES

FI 0 0 0 8 4 12 0 1 0 50 10 0 0 0 0 0 3 0 0 2 0 0 2 0 0 75 0 0 215 147 FI

FR 0 0 0 23 3 27 4 6 3 12 4 2 3 0 0 0 5 0 1 1 0 3 6 0 0 207 0 0 691 641 FR

GB 0 0 0 14 3 12 1 1 0 5 5 0 1 0 0 0 2 0 1 1 0 0 6 0 0 101 0 0 410 394 GB

GE 0 0 0 4 2 27 0 7 2 122 4 0 3 0 0 27 30 0 0 0 1 1 1 4 0 147 0 0 705 141 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -4 0 0 1 1 GL

GR 1 9 0 9 4 67 1 39 34 76 7 3 10 0 0 46 36 0 1 1 1 9 2 0 0 285 0 0 878 607 GR

HR 1 1 0 25 5 88 2 23 34 32 6 16 16 0 0 3 13 0 1 1 0 5 3 0 0 289 0 0 1103 913 HR

HU 0 0 0 24 5 156 2 35 28 41 7 6 29 0 0 2 23 0 1 1 0 1 4 0 0 274 0 0 1049 896 HU

IE 0 0 0 9 2 7 1 1 0 3 3 0 0 0 0 0 1 0 1 1 0 0 2 0 0 40 0 0 186 176 IE

IS 0 0 0 2 1 2 1 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 8 0 0 43 38 IS

IT 1 1 0 18 3 43 3 16 15 23 3 19 7 0 0 4 10 0 1 0 0 15 3 0 0 346 0 0 1794 1661 IT

KG 0 0 0 1 1 7 0 2 1 45 2 0 1 12 0 6 5 48 0 0 0 0 0 2 0 59 0 0 250 62 KG

KZT 0 0 0 4 3 17 1 3 1 131 5 0 1 1 0 4 11 3 0 1 0 0 1 1 0 141 0 0 310 121 KZT

LT 0 0 0 22 6 100 0 5 1 63 18 0 5 0 0 1 19 0 1 3 0 0 5 0 0 191 0 0 650 494 LT

LU 0 0 0 42 3 35 3 4 2 17 6 1 4 0 0 0 5 0 1 1 0 1 7 0 0 215 0 0 827 781 LU

LV 0 0 0 22 7 58 0 3 1 83 18 0 2 0 0 0 11 0 1 4 0 0 5 0 0 180 0 0 569 423 LV

MD 0 0 0 13 5 114 1 31 3 109 9 1 9 0 0 7 66 0 1 1 0 0 3 0 0 219 0 0 696 441 MD

ME 21 3 0 14 4 74 2 25 76 35 6 4 12 0 0 5 16 0 1 1 0 5 3 0 0 239 0 0 813 582 ME

MK 2 26 0 10 4 71 2 30 72 50 7 3 12 0 0 13 22 0 1 1 0 2 2 0 0 229 0 0 815 574 MK

MT 2 2 132 13 3 36 4 19 20 25 4 6 6 0 0 8 13 0 1 0 0 72 2 0 2 418 0 0 1166 1043 MT

NL 0 0 0 117 6 42 2 2 0 9 7 0 2 0 0 0 4 0 1 2 0 0 15 0 0 223 0 0 796 765 NL

NO 0 0 0 10 15 14 0 1 1 13 9 0 1 0 0 0 2 0 0 1 0 0 4 0 0 53 0 0 196 159 NO

PL 0 0 0 33 6 283 1 13 6 38 12 2 13 0 0 1 21 0 1 3 0 0 7 0 0 260 0 0 1027 913 PL

PT 0 0 0 5 1 10 176 3 1 4 2 1 1 0 0 0 2 0 8 0 0 2 1 0 0 195 0 0 453 436 PT

RO 0 0 0 14 5 106 1 90 12 72 8 2 12 0 0 6 46 0 1 1 0 1 3 0 0 227 0 0 751 563 RO

RS 2 3 0 15 5 113 2 47 125 46 7 3 20 0 0 4 24 0 1 1 0 1 3 0 0 253 0 0 924 659 RS

RUE 0 0 0 2 1 7 0 1 0 69 2 0 0 0 0 1 5 0 0 0 0 0 0 0 0 44 0 0 135 47 RUE

SE 0 0 0 13 6 30 0 3 1 30 22 0 1 0 0 0 5 0 1 3 0 0 4 0 0 96 0 0 304 248 SE

SI 0 1 0 29 4 76 2 15 15 30 6 79 12 0 0 2 10 0 1 1 0 5 4 0 0 302 0 0 1335 1185 SI

SK 0 0 0 24 5 246 1 24 16 42 7 4 42 0 0 2 22 0 1 2 0 1 4 0 0 261 0 0 1065 931 SK

TJ 0 0 0 1 1 6 0 2 1 37 1 0 1 25 1 6 4 25 0 0 0 0 0 5 0 39 0 0 181 53 TJ

TM 0 0 0 5 4 21 1 4 2 146 6 1 2 1 2 12 15 6 0 1 0 0 1 5 0 259 0 0 407 151 TM

TR 0 1 0 5 3 39 1 15 6 99 5 1 4 0 0 166 35 0 0 1 1 3 1 2 1 178 0 0 598 221 TR

UA 0 0 0 12 5 104 1 16 4 156 9 1 7 0 0 6 98 0 1 1 0 0 3 0 0 221 0 0 720 390 UA

UZ 0 0 0 4 3 18 1 4 1 124 6 0 1 8 1 9 12 30 0 1 0 0 1 3 0 212 0 0 374 132 UZ

ATL 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 7 7 ATL

BAS 0 0 0 20 6 38 0 2 1 45 24 0 1 0 0 0 4 0 1 6 0 0 5 0 0 138 0 0 420 350 BAS

BLS 0 0 0 2 2 19 0 8 2 59 3 0 2 0 0 16 27 0 0 0 1 0 1 0 0 73 0 0 225 91 BLS

MED 0 1 0 4 1 15 1 8 6 18 2 2 2 0 0 28 8 0 0 0 0 9 1 0 1 111 0 0 318 236 MED

NOS 0 0 0 10 4 6 0 0 0 3 3 0 0 0 0 0 1 0 0 1 0 0 4 0 0 44 0 0 148 138 NOS

AST 0 0 0 2 1 9 0 3 1 42 2 0 1 1 0 28 7 3 0 0 0 1 0 28 0 71 0 0 182 67 AST

NOA 0 1 0 2 1 8 2 5 4 9 1 1 1 0 0 10 4 0 0 0 0 5 0 0 1 93 0 0 176 137 NOA

EXC 0 0 0 7 3 25 2 5 3 70 4 1 2 1 0 8 11 2 0 1 0 1 1 1 0 105 0 0 326 201 EXC

EU 0 1 0 21 4 63 8 14 6 31 9 3 6 0 0 4 11 0 1 2 0 3 5 0 0 207 0 0 742 653 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.6: 2011 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of NOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 37 0 3 0 5 0 8 1 1 0 2 3 0 0 6 0 5 2 0 -3 4 3 0 0 23 0 1 0 0 0 0 AL

AM 0 32 0 63 0 0 0 1 0 1 0 1 0 0 2 0 1 2 26 1 0 0 0 0 2 0 4 0 0 0 0 AM

AT 0 0 3 0 1 -1 1 0 3 0 0 7 -0 0 7 1 20 1 0 1 3 2 0 0 23 0 0 0 0 0 0 AT

AZ 0 5 0 114 0 0 0 1 0 0 0 2 0 0 1 1 1 2 28 1 0 0 0 0 1 0 11 0 0 0 0 AZ

BA 1 0 6 0 39 0 3 1 1 0 5 6 0 0 7 1 7 2 0 2 19 11 0 0 20 0 1 0 0 0 0 BA

BE 0 0 0 0 0 -60 0 0 0 0 -0 -21 0 0 5 0 17 -11 0 0 0 0 1 1 1 0 0 0 -4 0 0 BE

BG 1 0 2 1 2 0 48 3 0 0 2 5 0 0 3 1 3 2 1 7 1 4 0 0 5 0 2 1 0 0 3 BG

BY 0 0 1 0 0 -0 0 20 0 0 1 3 1 1 1 3 3 2 0 0 0 1 1 0 1 0 2 4 0 2 1 BY

CH 0 0 -1 0 0 -1 0 0 6 0 -1 -10 -0 0 11 0 47 1 0 1 1 0 1 0 23 0 0 0 -0 0 0 CH

CY 0 0 1 1 0 0 2 1 0 31 1 2 0 0 3 0 3 2 1 11 0 1 0 0 7 0 1 0 0 0 0 CY

CZ 0 0 6 0 1 -1 1 0 1 0 -11 3 -0 0 4 1 16 2 0 0 2 3 1 0 4 0 1 0 -0 0 0 CZ

DE 0 0 -0 0 0 -6 0 0 1 0 -2 -32 -0 0 5 1 22 -1 0 0 0 0 1 0 3 0 0 0 -2 0 0 DE

DK 0 0 0 0 0 -3 0 -0 0 0 -0 -8 -14 0 1 2 5 1 0 0 0 0 3 1 0 0 0 1 -0 0 0 DK

EE 0 0 0 0 0 -1 0 4 0 0 0 1 1 3 1 4 3 2 0 0 0 0 1 1 0 0 1 2 0 3 0 EE

ES 0 0 0 0 0 -0 0 0 0 0 -0 -1 0 0 104 0 14 1 0 1 0 0 1 0 7 0 0 0 0 0 0 ES

FI 0 0 0 0 0 -0 0 1 0 0 0 2 1 1 1 7 1 1 0 0 0 0 1 1 0 0 0 1 0 1 0 FI

FR 0 0 -0 0 0 -2 0 0 -0 0 -1 -8 0 0 16 0 59 -1 0 0 0 0 1 0 3 0 0 0 -1 0 0 FR

GB 0 0 0 0 0 -2 0 0 0 0 -0 -3 -0 0 3 0 4 -48 0 0 0 0 4 1 1 0 0 0 -0 0 0 GB

GE 0 7 0 41 0 0 1 1 0 0 0 2 0 0 2 1 1 2 103 1 0 0 0 0 2 0 4 0 0 0 1 GE

GL 0 0 -0 0 0 -0 0 0 -0 0 -0 -0 -0 0 0 0 -0 0 0 0 0 -0 0 0 0 0 0 0 -0 0 0 GL

GR 4 0 1 0 2 0 26 2 0 0 1 3 0 0 4 1 4 2 0 46 1 2 0 0 12 0 1 0 0 0 1 GR

HR 1 0 10 0 16 -0 2 1 1 0 5 8 0 0 6 1 9 2 0 2 33 13 0 0 20 0 1 0 0 0 0 HR

HU 0 0 8 0 3 -0 3 2 1 0 6 7 -0 0 5 1 9 2 0 1 8 25 0 0 7 0 1 1 -0 0 1 HU

IE 0 0 0 0 0 -1 0 0 0 0 0 -1 0 0 2 0 3 -10 0 0 0 0 -1 1 0 0 0 0 0 0 0 IE

IS 0 0 -0 0 0 -0 0 -0 -0 0 -0 -1 0 0 0 0 0 3 0 0 0 -0 1 2 0 0 0 -0 -0 -0 0 IS

IT 0 0 4 0 3 -0 2 0 2 0 0 3 -0 0 10 0 23 1 0 2 4 2 0 0 45 0 0 0 0 0 0 IT

KG 0 1 0 2 0 0 0 0 0 0 0 2 0 0 2 0 2 1 1 0 0 0 0 0 2 39 22 0 0 0 0 KG

KZT 0 0 0 2 0 0 0 1 0 0 0 2 1 0 2 1 2 3 1 0 0 0 0 0 1 2 42 0 0 0 0 KZT

LT 0 0 0 0 0 -1 0 9 0 0 1 1 1 1 1 2 3 1 0 0 0 1 1 1 1 0 1 8 0 3 0 LT

LU 0 0 0 0 0 -11 0 0 1 0 -0 -22 0 0 6 0 32 -4 0 0 0 0 1 0 2 0 0 0 -90 0 0 LU

LV 0 0 0 0 0 -0 0 7 0 0 0 1 1 2 1 3 3 1 0 0 0 0 1 1 0 0 1 5 0 5 0 LV

MD 0 0 1 0 0 0 2 7 0 0 1 3 1 0 2 1 3 2 0 1 0 3 0 0 1 0 2 1 0 0 16 MD

ME 7 0 3 0 15 0 5 1 1 0 3 4 0 0 6 0 6 2 0 4 7 5 0 0 21 0 1 0 0 0 0 ME

MK 7 0 2 0 3 0 20 1 1 0 2 3 0 0 5 0 5 2 0 -8 2 4 0 0 12 0 1 0 0 0 1 MK

MT 1 0 1 0 2 0 3 1 0 0 0 2 0 0 13 0 21 2 0 7 2 1 0 0 44 0 0 0 0 0 0 MT

NL 0 0 0 0 0 -20 0 0 0 0 0 -17 0 0 2 1 7 -12 0 0 0 0 2 1 1 0 0 0 -1 0 0 NL

NO 0 0 0 0 0 -0 0 0 0 0 0 1 1 0 1 2 2 2 0 0 0 0 1 1 0 0 0 0 -0 0 0 NO

PL 0 0 2 0 0 -2 1 2 0 0 1 -3 0 0 2 1 7 1 0 0 1 3 1 0 2 0 1 2 0 1 0 PL

PT 0 0 0 0 0 -0 0 0 0 0 -0 -0 0 0 69 0 6 2 0 0 0 0 1 0 3 0 0 0 0 0 0 PT

RO 0 0 2 0 1 0 7 4 0 0 2 4 0 0 3 1 4 2 0 1 1 7 0 0 3 0 2 1 0 0 4 RO

RS 2 0 3 0 6 0 12 1 1 0 4 5 0 0 5 1 6 2 0 2 4 11 0 0 10 0 1 0 0 0 1 RS

RUE 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 4 0 0 0 0 RUE

SE 0 0 0 0 0 -1 0 1 0 0 0 1 0 0 1 4 3 2 0 0 0 0 1 1 0 0 0 1 0 0 0 SE

SI 0 0 13 0 3 -0 1 0 1 0 1 9 -0 0 6 0 12 2 0 1 17 6 0 0 22 0 1 0 0 0 0 SI

SK 0 0 6 0 1 -1 2 2 1 0 6 2 -0 0 4 1 8 1 0 1 4 17 1 0 5 0 1 1 -0 0 1 SK

TJ 0 0 0 2 0 0 0 0 0 0 0 1 0 0 2 0 1 1 1 0 0 0 0 0 1 3 8 0 0 0 0 TJ

TM 0 1 0 8 0 0 0 1 0 0 1 3 1 0 2 1 2 4 3 0 0 0 0 0 2 1 26 0 0 0 0 TM

TR 0 2 1 3 0 0 2 2 0 1 1 2 0 0 3 0 2 2 4 4 0 1 0 0 3 0 1 0 0 0 1 TR

UA 0 0 1 1 0 -0 1 9 0 0 1 1 1 1 2 2 3 3 0 0 0 2 0 0 1 0 3 1 0 1 2 UA

UZ 0 1 0 4 0 0 0 1 0 0 0 3 0 0 2 1 2 3 2 0 0 0 0 0 1 1 36 0 0 0 0 UZ

ATL 0 0 0 0 0 -0 0 0 0 0 -0 -1 0 0 1 0 1 1 0 0 0 0 1 1 0 0 0 0 -0 0 0 ATL

BAS 0 0 0 0 0 -2 0 1 0 0 0 -4 -2 1 1 5 3 1 0 0 0 0 1 1 0 0 1 2 -0 2 0 BAS

BLS 0 1 0 3 0 0 3 6 -0 0 1 2 0 0 1 1 1 2 10 1 0 1 0 0 1 0 3 1 0 1 3 BLS

MED 1 0 1 0 2 0 5 1 0 1 1 1 0 0 12 0 20 2 0 12 3 2 0 0 27 0 1 0 0 0 1 MED

NOS 0 0 0 0 0 -4 0 -0 -0 0 -0 -7 -1 0 2 1 1 -16 0 0 0 -0 3 1 1 0 0 0 -0 0 0 NOS

AST 0 1 0 6 0 0 0 1 0 1 0 1 0 0 1 0 1 1 2 1 0 0 0 0 2 3 13 0 0 0 0 AST

NOA 1 0 1 0 1 0 3 0 1 0 1 2 0 0 15 0 10 2 0 11 1 1 0 0 18 0 0 0 0 0 0 NOA

EXC 0 0 0 1 0 -0 1 1 0 0 0 0 0 0 4 1 4 1 1 1 0 1 0 0 2 1 9 0 -0 0 0 EXC

EU 0 0 1 0 1 -2 3 1 0 0 0 -3 0 0 18 2 16 -2 0 2 1 2 1 0 6 0 0 1 -0 0 0 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:15

Table C.6 Cont.: 2011 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of NOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 4 6 0 0 1 4 1 7 28 6 1 1 1 0 0 3 4 0 4 0 2 26 1 0 1 23 0 0 170 67 AL

AM 0 0 0 0 1 1 0 1 0 21 0 0 0 0 2 55 5 1 3 1 4 6 1 21 1 24 0 0 226 15 AM

AT 0 0 0 -2 1 -2 1 2 1 3 1 4 1 0 0 2 1 0 7 -0 0 7 -1 0 0 21 0 0 89 71 AT

AZ 0 0 0 0 1 2 0 1 0 54 1 0 0 0 5 18 8 3 3 1 3 2 2 17 0 20 0 0 265 16 AZ

BA 4 0 0 0 1 6 1 7 11 5 1 1 3 0 0 2 2 0 5 0 1 12 1 0 1 22 0 0 177 89 BA

BE 0 0 0 -17 1 0 1 0 0 1 0 0 0 0 0 0 1 0 14 -0 0 2 -21 0 0 21 0 0 -80 -85 BE

BG 0 2 0 0 1 9 0 32 12 20 1 0 2 0 0 3 17 0 5 1 8 5 1 0 0 21 0 0 194 127 BG

BY 0 0 0 -1 3 12 0 2 0 20 2 0 1 0 0 0 14 0 7 3 0 0 1 0 0 16 0 0 99 39 BY

CH 0 0 0 -1 1 0 1 1 1 2 0 0 0 0 0 1 1 0 8 0 0 8 -0 0 0 24 0 0 86 74 CH

CY 0 1 0 0 1 3 0 2 2 12 0 0 0 0 0 114 6 0 3 1 5 107 1 3 2 25 0 0 212 70 CY

CZ 0 0 0 -1 2 -4 0 2 1 3 1 1 2 0 0 1 2 0 10 -0 0 3 -1 0 0 20 0 0 46 30 CZ

DE 0 0 0 -9 2 -2 0 1 0 2 1 0 0 0 0 0 1 0 12 -2 0 2 -9 0 0 21 0 0 -8 -17 DE

DK 0 0 0 -6 6 -1 0 0 0 1 2 0 0 0 0 0 0 0 18 -19 0 0 -19 0 0 21 0 0 -7 -17 DK

EE 0 0 0 -1 5 5 0 0 0 16 5 0 0 0 0 0 2 0 9 1 0 0 1 0 0 16 0 0 60 31 EE

ES 0 0 0 -0 0 0 15 1 1 1 0 0 0 0 0 0 0 0 18 0 0 13 0 0 1 30 0 0 147 143 ES

FI 0 0 0 -0 4 2 0 0 0 10 4 0 0 0 0 0 1 0 7 3 0 0 1 0 0 13 0 0 39 22 FI

FR 0 0 0 -2 1 -0 1 1 0 1 0 -0 0 0 0 0 1 0 17 -0 0 8 -3 0 0 24 0 0 74 69 FR

GB 0 0 0 -3 2 -0 0 0 0 1 1 0 0 0 0 0 0 0 22 -0 0 1 -14 0 0 23 0 0 -38 -43 GB

GE 0 0 0 0 1 3 0 2 0 44 1 0 0 0 2 40 11 1 4 1 14 4 2 7 0 23 0 0 276 19 GE

GL 0 0 0 -0 0 -0 0 0 -0 0 0 -0 -0 0 0 0 -0 0 2 -0 0 0 0 0 0 8 0 0 1 0 GL

GR 1 6 0 0 1 5 0 12 9 13 1 0 1 0 0 13 10 0 4 1 6 32 1 0 1 22 0 0 189 124 GR

HR 1 0 0 -0 1 1 0 6 4 4 1 4 3 0 0 2 1 0 6 0 1 14 0 0 0 19 0 0 160 93 HR

HU 0 0 0 -1 1 7 0 16 9 6 1 2 9 0 0 1 4 0 6 0 1 4 -0 0 0 18 0 0 147 108 HU

IE 0 0 0 -1 1 0 0 0 0 1 0 -0 0 0 0 0 0 0 24 -0 0 0 -4 0 0 23 0 0 -4 -7 IE

IS 0 0 0 -0 3 -0 0 0 0 1 1 -0 -0 0 0 0 0 0 10 0 0 0 1 0 0 14 0 0 11 5 IS

IT 0 0 0 -0 1 -0 1 3 2 3 0 1 1 0 0 2 1 0 6 0 1 28 0 0 1 22 0 0 121 101 IT

KG 0 0 0 0 0 1 0 0 0 9 0 0 0 22 4 5 1 47 1 0 0 2 1 23 0 30 0 0 168 13 KG

KZT 0 0 0 0 2 2 0 1 0 61 1 0 0 1 2 3 4 5 4 1 1 1 2 5 0 25 0 0 147 19 KZT

LT 0 0 0 -2 3 11 0 1 0 11 3 0 1 0 0 0 6 0 10 2 0 0 -1 0 0 17 0 0 69 37 LT

LU 0 0 0 -6 1 0 1 1 0 2 0 0 0 0 0 0 1 0 11 -0 0 2 -5 0 0 20 0 0 -82 -89 LU

LV 0 0 0 -1 4 8 0 1 0 15 4 0 0 0 0 0 4 0 9 4 0 0 -1 0 0 16 0 0 68 36 LV

MD 0 0 -0 0 2 14 0 13 1 25 1 0 2 0 0 1 36 1 6 2 3 1 2 0 0 19 0 0 149 55 MD

ME 29 1 0 0 1 6 1 7 31 5 1 1 2 0 0 3 3 0 5 0 1 20 1 0 1 24 0 0 183 78 ME

MK 1 26 0 0 1 6 0 12 36 9 1 0 2 0 0 3 6 0 4 1 2 10 1 0 1 23 0 0 165 68 MK

MT 1 1 -42 0 1 1 1 4 5 3 0 1 0 0 0 3 2 0 8 0 1 19 1 0 2 26 0 0 82 59 MT

NL 0 0 0 -59 3 0 0 0 0 1 1 0 0 0 0 0 1 0 15 -1 0 1 -44 0 0 19 0 0 -87 -93 NL

NO 0 0 0 -1 10 1 0 0 0 2 4 0 0 0 0 0 0 0 11 1 0 0 -0 0 0 16 0 0 30 15 NO

PL 0 0 0 -3 3 -2 0 3 1 3 2 0 2 0 0 0 4 0 10 -0 0 1 -2 0 0 18 0 0 39 21 PL

PT 0 0 0 -0 0 -0 55 0 0 0 0 0 0 0 0 0 0 0 30 -0 0 7 0 0 0 31 0 0 139 137 PT

RO 0 0 0 -0 2 12 0 54 4 16 1 0 3 0 0 1 21 0 5 1 4 2 1 0 0 20 0 0 169 110 RO

RS 3 2 0 -0 1 8 0 19 25 8 1 1 4 0 0 1 5 0 5 0 2 6 1 0 0 20 0 0 157 94 RS

RUE 0 0 0 0 1 1 0 0 0 30 1 0 0 0 0 1 3 0 2 1 0 0 1 0 0 9 0 0 51 9 RUE

SE 0 0 0 -1 7 4 0 0 0 4 7 0 0 0 0 0 1 0 10 2 0 0 -1 0 0 16 0 0 40 25 SE

SI 0 0 0 -1 1 -4 0 3 0 4 0 7 2 0 0 2 1 0 6 -0 1 11 -0 0 0 18 0 0 114 83 SI

SK 0 0 0 -1 2 4 0 9 5 5 1 1 15 0 0 1 4 0 7 -0 1 3 -1 0 0 19 0 0 110 82 SK

TJ 0 0 0 0 0 1 0 0 0 6 0 0 0 57 7 4 1 40 1 0 0 1 1 33 0 31 0 0 139 9 TJ

TM 0 0 0 1 1 3 0 1 0 44 1 0 0 2 35 8 5 31 4 1 1 2 3 22 0 34 0 0 191 23 TM

TR 0 0 0 0 1 3 0 3 1 22 1 0 0 0 0 104 11 0 4 1 9 17 1 6 1 28 0 0 183 29 TR

UA 0 0 0 -0 2 10 0 6 1 38 2 0 2 0 0 2 36 0 6 2 3 1 2 0 0 18 0 0 135 39 UA

UZ 0 0 0 1 1 2 0 1 0 45 1 0 0 9 8 5 4 40 4 1 1 1 2 12 0 31 0 0 179 21 UZ

ATL 0 0 0 -0 2 -0 0 0 0 2 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 17 0 0 9 4 ATL

BAS 0 0 0 -4 6 4 0 0 0 7 3 0 0 0 0 0 1 0 13 -18 0 0 -6 0 0 19 0 0 31 13 BAS

BLS 0 0 0 0 2 5 0 8 1 66 1 0 1 0 0 6 44 1 6 2 47 2 2 1 0 21 0 0 179 33 BLS

MED 1 1 1 0 1 2 1 5 4 7 0 0 1 0 0 22 5 0 8 0 3 78 1 1 2 27 0 0 145 95 MED

NOS 0 0 0 -7 8 -2 0 0 0 1 1 0 -0 0 0 0 -0 0 30 -3 0 1 -45 0 0 29 0 0 -17 -28 NOS

AST 0 0 0 0 1 1 0 1 0 21 0 0 0 3 5 19 3 7 2 1 1 7 1 49 0 28 0 0 97 13 AST

NOA 0 1 1 0 0 2 1 3 3 3 0 0 0 0 0 10 2 0 5 0 1 60 1 0 10 41 0 0 96 72 NOA

EXC 0 0 0 -0 2 2 1 2 1 27 1 0 0 1 1 5 4 3 5 1 1 2 0 2 0 16 0 0 80 22 EXC

EU 0 0 0 -2 2 2 3 6 2 5 2 0 1 0 0 1 3 0 12 0 1 7 -3 0 0 21 0 0 74 56 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU



C:16 EMEP REPORT 1/2013

Table C.7: 2011 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of VOC. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 9 0 3 0 2 1 3 2 1 0 3 11 1 0 2 0 6 4 0 16 2 3 0 0 24 0 0 0 0 0 0 AL

AM 0 29 0 14 0 0 0 2 0 0 1 3 0 0 1 0 2 1 21 0 0 0 0 0 2 0 1 0 0 0 0 AM

AT 0 0 21 0 1 2 0 2 8 0 5 41 1 0 2 0 15 7 0 1 3 2 0 0 31 0 0 0 0 0 0 AT

AZ 0 3 0 41 0 0 0 3 0 0 1 4 0 0 1 1 2 2 34 0 0 0 0 0 1 0 1 0 0 0 0 AZ

BA 1 0 4 0 8 1 2 3 1 0 4 17 1 0 3 0 7 5 0 3 4 5 0 0 24 0 0 0 0 0 1 BA

BE 0 0 2 0 0 12 0 1 1 0 2 29 1 0 2 0 25 19 0 0 0 0 1 0 7 0 0 0 1 0 0 BE

BG 0 0 2 0 1 1 8 4 1 0 3 13 1 0 1 1 5 5 0 3 1 3 0 0 6 0 0 1 0 0 1 BG

BY 0 0 1 0 0 1 0 17 0 0 1 11 1 0 0 1 4 7 0 0 0 1 0 0 1 0 0 2 0 1 0 BY

CH 0 0 7 0 0 2 0 1 36 0 2 27 0 0 4 0 25 6 0 1 1 1 0 0 70 0 0 0 0 0 0 CH

CY 0 0 1 1 1 1 1 4 1 4 1 7 0 0 2 0 4 3 1 4 1 1 0 0 10 0 0 0 0 0 0 CY

CZ 0 0 6 0 0 2 1 3 3 0 17 41 1 0 2 1 13 9 0 1 1 3 0 0 7 0 0 0 0 0 0 CZ

DE 0 0 4 0 0 4 0 2 4 0 4 53 1 0 2 0 18 13 0 0 0 1 1 0 6 0 0 0 0 0 0 DE

DK 0 0 0 0 0 3 0 2 0 0 2 23 7 0 1 1 7 23 0 0 0 0 1 0 1 0 0 1 0 1 0 DK

EE 0 0 0 0 0 1 0 4 0 0 1 11 2 2 0 3 4 11 0 0 0 0 0 0 1 0 0 1 0 2 0 EE

ES 0 0 1 0 0 1 0 1 1 0 1 6 0 0 29 0 9 4 0 0 1 1 0 0 10 0 0 0 0 0 0 ES

FI 0 0 0 0 0 1 0 2 0 0 0 5 1 0 0 3 2 5 0 0 0 0 0 0 0 0 0 0 0 1 0 FI

FR 0 0 3 0 0 2 0 1 3 0 2 17 0 0 8 0 32 11 0 0 1 1 0 0 25 0 0 0 0 0 0 FR

GB 0 0 0 0 0 1 0 0 0 0 1 7 0 0 2 0 9 32 0 0 0 0 1 0 3 0 0 0 0 0 0 GB

GE 0 4 1 11 0 0 0 3 0 0 1 5 0 0 1 1 2 2 93 0 0 1 0 0 2 0 1 0 0 0 0 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 GL

GR 2 0 2 0 1 1 5 3 1 0 2 10 1 0 2 0 5 4 0 20 1 2 0 0 14 0 0 0 0 0 1 GR

HR 1 0 6 0 4 1 1 3 2 0 5 24 1 0 2 0 9 6 0 2 9 5 0 0 40 0 0 0 0 0 1 HR

HU 0 0 5 0 1 2 1 3 2 0 6 26 1 0 2 1 8 7 0 1 2 9 0 0 10 0 0 1 0 0 0 HU

IE 0 0 0 0 0 1 0 0 0 0 0 4 0 0 2 0 4 14 0 0 0 0 2 0 1 0 0 0 0 0 0 IE

IS 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 IS

IT 1 0 7 0 2 1 1 2 4 0 3 16 0 0 5 0 15 6 0 2 4 3 0 0 159 0 0 0 0 0 0 IT

KG 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 1 9 1 0 0 0 0 KG

KZT 0 0 0 1 0 0 0 2 0 0 0 3 0 0 0 1 1 2 0 0 0 0 0 0 1 1 1 0 0 0 0 KZT

LT 0 0 1 0 0 2 0 9 0 0 2 14 2 0 0 1 5 11 0 0 0 1 0 0 2 0 0 4 0 1 0 LT

LU 0 0 2 0 0 5 0 1 2 0 2 33 1 0 2 0 26 14 0 0 0 0 0 0 6 0 0 0 2 0 0 LU

LV 0 0 0 0 0 1 0 6 0 0 1 13 2 1 0 1 4 11 0 0 0 0 0 0 1 0 0 2 0 4 0 LV

MD 0 0 1 0 0 1 1 4 1 0 3 13 1 0 1 1 4 5 0 0 1 2 0 0 2 0 1 0 0 0 2 MD

ME 3 0 3 0 3 1 2 2 1 0 3 13 1 0 2 0 6 4 0 4 2 4 0 0 21 0 0 0 0 0 1 ME

MK 2 0 2 0 1 1 5 2 1 0 3 11 1 0 2 0 5 4 0 17 1 4 0 0 12 0 0 0 0 0 1 MK

MT 1 0 3 0 1 1 2 2 2 0 2 11 1 0 9 1 16 6 0 5 2 2 0 0 67 0 0 0 0 0 0 MT

NL 0 0 1 0 0 7 0 1 1 0 1 27 1 0 1 0 13 23 0 0 0 0 1 0 3 0 0 0 0 0 0 NL

NO 0 0 0 0 0 1 0 1 0 0 0 6 1 0 1 0 3 7 0 0 0 0 0 0 1 0 0 0 0 0 0 NO

PL 0 0 2 0 0 2 0 6 1 0 5 29 2 0 1 1 8 12 0 0 0 1 0 0 3 0 0 1 0 1 0 PL

PT 0 0 1 0 0 1 0 0 0 0 1 5 0 0 17 0 6 4 0 0 0 0 0 0 5 0 0 0 0 0 0 PT

RO 0 0 2 0 1 1 1 4 1 0 3 15 1 0 1 1 5 5 0 1 1 4 0 0 6 0 0 1 0 0 1 RO

RS 1 0 3 0 2 1 3 3 1 0 4 17 1 0 2 0 6 5 0 3 2 6 0 0 10 0 0 0 0 0 1 RS

RUE 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 RUE

SE 0 0 0 0 0 1 0 2 0 0 1 8 2 0 0 1 3 9 0 0 0 0 0 0 0 0 0 1 0 1 0 SE

SI 0 0 14 0 2 2 1 2 3 0 6 30 1 0 2 0 11 6 0 1 10 4 0 0 60 0 0 0 0 0 0 SI

SK 0 0 4 0 1 2 1 3 1 0 7 27 1 0 1 1 8 8 0 1 1 6 0 0 7 0 0 1 0 1 0 SK

TJ 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 TJ

TM 0 0 0 3 0 0 0 2 0 0 1 4 0 0 1 1 2 3 2 0 0 0 0 0 2 0 1 0 0 0 0 TM

TR 0 1 1 1 0 0 1 3 0 0 1 6 0 0 1 0 3 2 2 1 0 1 0 0 4 0 0 0 0 0 0 TR

UA 0 0 1 0 0 1 0 6 0 0 2 11 1 0 1 1 3 5 0 0 0 1 0 0 2 0 1 1 0 1 0 UA

UZ 0 0 0 1 0 0 0 2 0 0 0 4 0 0 1 1 2 2 1 0 0 0 0 0 1 2 2 0 0 0 0 UZ

ATL 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 2 3 0 0 0 0 0 0 1 0 0 0 0 0 0 ATL

BAS 0 0 0 0 0 2 0 4 0 0 1 19 4 1 0 3 6 17 0 0 0 0 1 0 1 0 0 1 0 2 0 BAS

BLS 0 0 1 2 0 1 2 7 1 0 2 12 1 0 1 1 4 5 9 1 1 2 0 0 3 0 1 1 0 1 1 BLS

MED 1 0 3 0 2 1 2 3 2 0 2 13 1 0 10 0 16 7 0 8 3 2 0 0 54 0 0 1 0 0 0 MED

NOS 0 0 1 0 0 2 0 1 0 0 1 15 2 0 1 0 10 31 0 0 0 0 1 0 3 0 0 0 0 0 0 NOS

AST 0 0 0 3 0 0 0 1 0 0 0 2 0 0 0 0 1 1 1 0 0 0 0 0 2 0 1 0 0 0 0 AST

NOA 1 0 1 0 1 1 1 2 1 0 1 6 0 0 6 0 7 3 0 4 1 1 0 0 17 0 0 0 0 0 0 NOA

EXC 0 0 1 1 0 1 0 2 0 0 1 6 0 0 1 0 3 3 1 0 0 0 0 0 5 0 0 0 0 0 0 EXC

EU 0 0 2 0 0 2 1 2 2 0 2 18 1 0 6 1 11 10 0 1 1 1 0 0 19 0 0 0 0 0 0 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:17

Table C.7 Cont.: 2011 country-to-country blame matrices for SOMO35.

Units: ppb.d per 15% emis. red. of VOC. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 1 4 0 1 1 9 0 8 15 8 1 1 2 0 0 4 4 0 0 0 0 1 0 0 0 39 0 0 155 99 AL

AM 0 0 0 0 0 3 0 2 0 14 1 0 0 0 0 11 3 0 0 0 0 0 0 1 0 17 0 0 115 19 AM

AT 0 0 0 3 0 10 0 3 2 6 1 3 1 0 0 1 3 0 0 0 0 0 0 0 0 34 0 0 178 152 AT

AZ 0 0 0 1 1 5 0 2 0 27 1 0 0 0 0 4 5 0 0 0 0 0 0 2 0 27 0 0 145 24 AZ

BA 1 1 0 2 1 13 0 9 9 9 1 1 2 0 0 1 6 0 0 0 0 1 0 0 0 35 0 0 150 105 BA

BE 0 0 0 7 0 5 0 1 0 2 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 30 0 0 121 115 BE

BG 0 1 0 1 1 10 0 15 4 14 1 0 1 0 0 5 8 0 0 0 0 0 0 0 0 32 0 0 122 81 BG

BY 0 0 0 2 1 12 0 1 0 18 2 0 1 0 0 0 4 0 0 0 0 0 0 0 0 21 0 0 92 49 BY

CH 0 0 0 2 0 5 0 2 1 3 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 31 0 0 200 156 CH

CY 0 0 0 1 0 7 0 5 2 15 1 0 1 0 0 58 6 0 0 0 0 2 0 1 0 52 0 0 148 57 CY

CZ 0 0 0 3 1 18 0 3 2 8 1 1 2 0 0 0 3 0 0 0 0 0 1 0 0 35 0 0 154 132 CZ

DE 0 0 0 6 1 9 0 1 0 4 1 0 1 0 0 0 2 0 0 0 0 0 1 0 0 33 0 0 140 127 DE

DK 0 0 0 6 2 8 0 0 0 6 3 0 0 0 0 0 2 0 0 1 0 0 2 0 0 28 0 0 99 86 DK

EE 0 0 0 2 1 5 0 0 0 16 4 0 0 0 0 0 1 0 0 1 0 0 1 0 0 22 0 0 76 52 EE

ES 0 0 0 1 0 2 4 1 1 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 31 0 0 77 71 ES

FI 0 0 0 1 1 2 0 0 0 8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 36 24 FI

FR 0 0 0 3 0 5 1 2 1 2 0 1 1 0 0 0 1 0 0 0 0 1 1 0 0 31 0 0 124 114 FR

GB 0 0 0 2 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 16 0 0 66 63 GB

GE 0 0 0 1 1 5 0 2 1 23 1 0 0 0 0 8 6 0 0 0 0 0 0 1 0 21 0 0 178 27 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -3 0 0 3 2 GL

GR 0 2 0 1 1 9 0 9 6 12 1 0 1 0 0 10 6 0 0 0 0 1 0 0 0 39 0 0 138 92 GR

HR 0 0 0 2 1 15 0 8 7 9 1 3 2 0 0 1 5 0 0 0 0 1 0 0 0 39 0 0 180 138 HR

HU 0 0 0 3 1 20 0 9 4 10 1 1 4 0 0 1 7 0 0 0 0 0 0 0 0 35 0 0 148 117 HU

IE 0 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 34 33 IE

IS 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 10 IS

IT 0 0 0 2 0 9 1 5 3 5 1 4 1 0 0 2 3 0 0 0 0 2 0 0 0 48 0 0 269 242 IT

KG 0 0 0 0 0 1 0 0 0 5 0 0 0 2 0 1 1 7 0 0 0 0 0 1 0 6 0 0 35 6 KG

KZT 0 0 0 0 0 2 0 1 0 21 1 0 0 0 0 1 2 1 0 0 0 0 0 0 0 14 0 0 45 16 KZT

LT 0 0 0 3 1 13 0 1 0 12 3 0 1 0 0 0 3 0 0 0 0 0 1 0 0 23 0 0 92 66 LT

LU 0 0 0 4 0 5 0 1 0 2 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 28 0 0 112 106 LU

LV 0 0 0 3 1 8 0 0 0 14 3 0 0 0 0 0 2 0 0 0 0 0 1 0 0 22 0 0 83 59 LV

MD 0 0 0 1 1 13 0 9 1 20 1 0 1 0 0 2 11 0 0 0 0 0 0 0 0 27 0 0 105 62 MD

ME 4 1 0 1 1 11 0 9 14 9 1 1 2 0 0 3 5 0 0 0 0 1 0 0 0 35 0 0 140 91 ME

MK 0 7 0 1 1 9 0 10 13 9 1 0 2 0 0 4 5 0 0 0 0 0 0 0 0 32 0 0 139 91 MK

MT 0 1 16 2 1 8 1 7 4 7 1 1 1 0 0 3 4 0 0 0 0 10 0 0 0 65 0 0 194 164 MT

NL 0 0 0 14 1 5 0 0 0 2 1 0 0 0 0 0 1 0 0 0 0 0 2 0 0 29 0 0 107 102 NL

NO 0 0 0 2 3 3 0 0 0 4 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 7 0 0 36 28 NO

PL 0 0 0 4 1 33 0 2 1 11 2 0 1 0 0 0 4 0 0 0 0 0 1 0 0 32 0 0 136 110 PL

PT 0 0 0 1 0 2 25 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 29 0 0 74 70 PT

RO 0 0 0 2 1 14 0 28 2 13 1 1 2 0 0 2 9 0 0 0 0 0 0 0 0 30 0 0 129 94 RO

RS 0 1 0 2 1 15 0 15 18 10 1 1 3 0 0 2 7 0 0 0 0 0 0 0 0 34 0 0 147 99 RS

RUE 0 0 0 0 0 1 0 0 0 14 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 5 0 0 25 8 RUE

SE 0 0 0 2 1 4 0 0 0 6 3 0 0 0 0 0 1 0 0 0 0 0 1 0 0 12 0 0 48 38 SE

SI 0 0 0 3 0 14 0 7 4 7 1 13 2 0 0 1 4 0 0 0 0 1 0 0 0 40 0 0 215 179 SI

SK 0 0 0 3 1 29 0 7 2 10 1 1 6 0 0 0 6 0 0 0 0 0 1 0 0 34 0 0 151 123 SK

TJ 0 0 0 0 0 1 0 0 0 4 0 0 0 5 0 1 0 3 0 0 0 0 0 1 0 2 0 0 21 5 TJ

TM 0 0 0 1 1 3 0 1 0 21 1 0 0 1 0 2 2 1 0 0 0 0 0 1 0 27 0 0 59 21 TM

TR 0 0 0 1 0 6 0 4 1 15 1 0 1 0 0 40 5 0 0 0 0 0 0 0 0 26 0 0 107 35 TR

UA 0 0 0 1 1 13 0 3 1 25 1 0 1 0 0 1 13 0 0 0 0 0 0 0 0 26 0 0 99 51 UA

UZ 0 0 0 1 0 3 0 1 0 19 1 0 0 2 0 1 2 5 0 0 0 0 0 1 0 24 0 0 56 18 UZ

ATL 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 16 14 ATL

BAS 0 0 0 4 2 10 0 0 0 12 6 0 0 0 0 0 2 0 0 1 0 0 1 0 0 30 0 0 102 81 BAS

BLS 0 0 0 1 1 12 0 10 2 40 2 0 1 0 0 16 16 0 0 0 0 0 0 0 0 41 0 0 162 66 BLS

MED 0 1 0 2 1 9 1 7 4 10 1 1 1 0 0 17 5 0 0 0 0 6 0 0 0 65 0 0 193 143 MED

NOS 0 0 0 5 2 5 0 1 0 3 2 0 0 0 0 0 1 0 0 0 0 0 2 0 0 24 0 0 90 81 NOS

AST 0 0 0 0 0 2 0 1 0 10 0 0 0 0 0 4 2 0 0 0 0 0 0 6 0 10 0 0 36 12 AST

NOA 0 0 0 1 0 5 1 4 2 5 1 0 1 0 0 6 3 0 0 0 0 2 0 0 0 39 0 0 83 61 NOA

EXC 0 0 0 1 0 4 0 1 0 13 1 0 0 0 0 2 2 0 0 0 0 0 0 0 0 13 0 0 52 30 EXC

EU 0 0 0 3 1 9 1 4 1 6 1 1 1 0 0 1 2 0 0 0 0 0 1 0 0 28 0 0 112 95 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.8: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 146 0 1 0 3 0 4 0 0 0 0 1 0 0 0 0 1 0 0 41 1 2 0 0 5 0 0 0 0 0 0 AL

AM 0 4 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 AM

AT 0 0 84 0 1 0 1 0 4 0 5 17 0 0 0 0 4 0 0 0 3 13 0 0 12 0 0 0 0 0 0 AT

AZ 0 0 0 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 3 0 0 0 0 AZ

BA 2 0 2 0 76 0 3 0 0 0 2 3 0 0 0 0 2 0 0 2 11 8 0 0 6 0 0 0 0 0 0 BA

BE 0 0 2 0 0 99 0 0 2 0 1 35 0 0 1 0 74 8 0 0 0 1 0 0 1 0 0 0 5 0 0 BE

BG 1 0 1 0 1 0 139 1 0 0 0 1 0 0 0 0 1 0 0 9 0 3 0 0 1 0 0 0 0 0 1 BG

BY 0 0 0 0 0 0 0 75 0 0 1 3 1 2 0 1 1 1 0 0 0 2 0 0 0 0 1 5 0 5 0 BY

CH 0 0 5 0 0 0 0 0 86 0 0 15 0 0 0 0 22 0 0 0 0 0 0 0 22 0 0 0 0 0 0 CH

CY 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 CY

CZ 0 0 13 0 1 1 1 1 1 0 61 28 1 0 0 0 7 1 0 0 2 16 0 0 2 0 0 0 0 0 0 CZ

DE 0 0 9 0 0 5 0 0 4 0 6 131 2 0 0 0 19 3 0 0 0 2 0 0 2 0 0 0 1 0 0 DE

DK 0 0 1 0 0 2 0 1 0 0 1 18 77 0 0 0 4 6 0 0 0 1 0 0 0 0 0 0 0 1 0 DK

EE 0 0 0 0 0 0 0 4 0 0 0 2 2 68 0 8 0 1 0 0 0 0 0 0 0 0 0 2 0 20 0 EE

ES 0 0 0 0 0 0 0 0 0 0 0 1 0 0 56 0 5 0 0 0 0 0 0 0 1 0 0 0 0 0 0 ES

FI 0 0 0 0 0 0 0 1 0 0 0 1 0 3 0 48 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 FI

FR 0 0 1 0 0 2 0 0 3 0 1 10 0 0 3 0 145 3 0 0 0 1 0 0 6 0 0 0 1 0 0 FR

GB 0 0 0 0 0 1 0 0 0 -0 0 4 0 0 0 0 11 65 0 0 0 0 2 0 1 0 0 0 0 0 0 GB

GE 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 1 0 0 0 0 GE

GL -0 0 -0 0 0 -0 -0 0 -0 0 -0 0 0 0 0 0 -0 0 -0 -0 -0 -0 0 0 -0 0 0 0 0 -0 -0 GL

GR 4 0 0 0 1 0 14 0 0 0 0 1 0 0 0 0 1 0 0 112 0 1 0 0 3 0 0 0 0 0 0 GR

HR 1 0 6 0 24 0 3 0 0 0 2 5 0 0 0 0 2 0 0 1 63 22 0 0 15 0 0 0 0 0 0 HR

HU 0 0 10 0 5 0 2 1 1 0 4 8 0 0 0 0 3 1 0 1 11 176 0 0 4 0 0 0 0 0 0 HU

IE 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 8 0 0 0 0 17 0 0 0 0 0 0 0 0 IE

IS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 IS

IT 1 0 3 0 2 0 0 0 2 0 1 2 0 0 1 0 6 0 0 1 2 2 0 0 225 0 0 0 0 0 0 IT

KG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28 21 0 0 0 0 KG

KZT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 81 0 0 0 0 KZT

LT 0 0 0 0 0 0 0 16 0 0 1 4 2 3 0 1 1 1 0 0 0 1 0 0 0 0 0 41 0 18 0 LT

LU 0 0 3 0 0 16 0 0 2 0 2 59 0 0 1 0 89 4 0 0 0 1 0 0 1 0 0 0 82 0 0 LU

LV 0 0 0 0 0 0 0 8 0 0 0 3 2 9 0 3 1 1 0 0 0 1 0 0 0 0 0 11 0 92 0 LV

MD 0 0 1 0 0 0 5 3 0 0 1 2 0 0 0 0 1 0 0 1 0 4 0 0 0 0 1 0 0 0 40 MD

ME 18 0 1 0 9 0 2 0 0 0 1 1 0 0 0 0 1 0 0 4 2 3 0 0 4 0 0 0 0 0 0 ME

MK 13 0 1 0 2 0 16 0 0 0 1 1 0 0 0 0 1 0 0 61 1 3 0 0 2 0 0 0 0 0 0 MK

MT 1 0 0 0 1 0 1 0 0 0 0 1 0 0 1 0 5 0 0 2 0 1 0 0 24 0 0 0 0 0 0 MT

NL 0 0 1 0 0 31 0 0 1 0 1 57 1 0 0 0 26 11 0 0 0 1 0 0 1 0 0 0 1 0 0 NL

NO 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 NO

PL 0 0 2 0 0 1 0 5 0 0 7 15 2 1 0 0 3 2 0 0 1 6 0 0 1 0 0 1 0 1 0 PL

PT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 PT

RO 0 0 1 0 1 0 11 1 0 0 1 2 0 0 0 0 1 0 0 1 1 10 0 0 1 0 0 0 0 0 2 RO

RS 4 0 2 0 9 0 10 0 0 0 2 3 0 0 0 0 2 0 0 4 3 17 0 0 2 0 0 0 0 0 0 RS

RUE 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 RUE

SE 0 0 0 0 0 0 0 0 0 -0 0 2 4 1 0 2 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 SE

SI 0 0 23 0 4 0 1 0 1 0 2 6 0 0 0 0 3 0 0 1 29 13 0 0 32 0 0 0 0 0 0 SI

SK 0 0 7 0 1 0 1 1 1 0 8 8 0 0 0 0 3 1 0 0 2 55 0 0 2 0 0 0 0 0 0 SK

TJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7 0 0 0 0 TJ

TM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 TM

TR 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 TR

UA 0 0 0 0 0 0 1 7 0 0 1 2 0 0 0 0 1 0 0 0 0 3 0 0 0 0 2 1 0 1 2 UA

UZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 42 0 0 0 0 UZ

ATL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 ATL

BAS 0 0 0 0 0 1 0 2 0 0 1 8 11 7 0 10 2 2 0 0 0 1 0 0 0 0 0 2 0 8 0 BAS

BLS 0 0 0 0 0 0 4 1 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 BLS

MED 2 0 1 0 2 0 2 0 0 0 0 1 0 0 4 0 7 0 0 8 1 1 0 0 20 0 0 0 0 0 0 MED

NOS 0 0 0 0 0 3 0 0 0 -0 0 8 3 0 0 0 11 15 0 0 0 0 1 0 0 0 0 0 0 0 0 NOS

AST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 AST

NOA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 2 0 0 0 0 3 0 0 0 0 0 0 NOA

EXC 0 0 1 0 0 0 1 1 0 0 1 3 0 1 1 1 5 1 0 1 0 2 0 0 3 0 14 0 0 1 0 EXC

EU 0 0 4 0 1 2 5 1 1 0 3 16 2 1 8 4 24 5 0 4 1 7 0 0 18 0 0 1 0 2 0 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:19

Table C.8 Cont.: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 5 17 0 0 0 2 0 7 21 1 0 0 1 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 261 66 AL

AM 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 12 0 0 0 0 0 0 0 7 0 0 0 0 25 0 AM

AT 0 0 0 0 0 6 0 3 1 0 0 27 13 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 197 187 AT

AZ 0 0 0 0 0 0 0 0 0 5 0 0 0 0 2 2 0 1 0 0 0 0 0 12 0 0 0 0 39 0 AZ

BA 9 1 0 0 0 4 0 11 13 0 0 2 4 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 162 49 BA

BE 0 0 0 15 0 4 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 11 0 0 0 0 0 253 250 BE

BG 0 2 0 0 0 3 0 50 7 3 0 0 2 0 0 5 2 0 0 0 2 1 0 0 0 0 0 0 236 211 BG

BY 0 0 0 0 0 24 0 4 0 9 1 0 3 0 0 0 4 0 0 1 0 0 1 0 0 0 0 0 144 55 BY

CH 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 155 69 CH

CY 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 65 0 0 0 0 0 19 0 2 1 0 0 0 95 28 CY

CZ 0 0 0 1 0 30 0 6 2 1 0 4 29 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 210 201 CZ

DE 0 0 0 4 0 13 0 2 0 0 0 1 2 0 0 0 0 0 1 1 0 0 4 0 0 0 0 0 211 204 DE

DK 0 0 0 2 4 11 0 1 0 1 3 0 1 0 0 0 0 0 1 11 0 0 11 0 0 0 0 0 138 132 DK

EE 0 0 0 0 2 6 0 1 0 7 4 0 0 0 0 0 1 0 0 5 0 0 1 0 0 0 0 0 130 116 EE

ES 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 3 0 0 7 0 0 0 0 0 0 71 71 ES

FI 0 0 0 0 2 2 0 0 0 3 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 67 60 FI

FR 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 3 2 0 0 0 0 0 180 176 FR

GB 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 6 0 0 0 0 0 89 88 GB

GE 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 6 0 0 0 0 0 0 0 1 0 0 0 0 26 0 GE

GL -0 -0 0 0 0 -0 -0 -0 -0 0 0 -0 -0 0 0 -0 0 0 0 0 -0 -0 0 0 0 0 0 0 0 0 GL

GR 0 7 0 0 0 2 0 10 4 2 0 0 1 0 0 7 1 0 0 0 1 11 0 0 0 0 0 0 173 146 GR

HR 1 1 0 0 0 7 0 13 13 1 0 26 7 0 0 0 1 0 0 0 0 5 0 0 0 0 0 0 217 113 HR

HU 0 0 0 0 0 18 0 48 11 1 0 12 44 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 366 333 HU

IE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 1 0 0 0 0 0 30 30 IE

IS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 IS

IT 0 0 0 0 0 2 0 2 1 0 0 9 1 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 263 255 IT

KG 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 50 0 0 0 0 0 1 0 0 0 0 105 0 KG

KZT 0 0 0 0 0 0 0 0 0 20 0 0 0 0 1 0 0 7 0 0 0 0 0 1 0 0 0 0 111 1 KZT

LT 0 0 0 1 1 27 0 2 0 9 2 0 2 0 0 0 2 0 0 2 0 0 1 0 0 0 0 0 137 109 LT

LU 0 0 0 2 0 3 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 270 267 LU

LV 0 0 0 0 1 11 0 1 0 6 3 0 1 0 0 0 1 0 0 3 0 0 1 0 0 0 0 0 158 140 LV

MD 0 0 0 0 0 13 0 108 1 7 0 0 4 0 0 2 13 0 0 0 1 0 0 0 0 0 0 0 211 142 MD

ME 89 2 0 0 0 2 0 7 20 0 0 0 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 169 28 ME

MK 1 102 0 0 0 2 0 10 23 1 0 0 2 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 245 101 MK

MT 0 0 55 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 92 0 0 2 0 0 0 99 94 MT

NL 0 0 0 78 1 6 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 26 0 0 0 0 0 223 220 NL

NO 0 0 0 0 30 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 37 7 NO

PL 0 0 0 1 1 173 0 6 1 2 1 1 13 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 252 240 PL

PT 0 0 0 0 0 0 136 0 0 0 0 0 0 0 0 0 0 0 13 0 0 2 0 0 0 0 0 0 160 160 PT

RO 0 1 0 0 0 8 0 308 5 3 0 1 5 0 0 1 4 0 0 0 1 0 0 0 0 0 0 0 372 352 RO

RS 6 7 0 0 0 6 0 46 95 1 0 1 7 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 231 103 RS

RUE 0 0 0 0 0 1 0 0 0 42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 53 3 RUE

SE 0 0 0 0 8 3 0 1 0 1 19 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 46 36 SE

SI 0 0 0 0 0 6 0 8 3 0 0 323 4 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 461 422 SI

SK 0 0 0 0 0 41 0 20 2 1 0 4 200 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 363 352 SK

TJ 0 0 0 0 0 0 0 0 0 0 0 0 0 64 1 0 0 39 0 0 0 0 0 10 0 0 0 0 113 0 TJ

TM 0 0 0 0 0 0 0 0 0 4 0 0 0 2 40 0 0 32 0 0 0 0 0 11 0 0 0 0 96 0 TM

TR 0 0 0 0 0 1 0 2 0 2 0 0 0 0 0 135 1 0 0 0 1 2 0 2 0 0 0 0 144 6 TR

UA 0 0 0 0 0 15 0 17 0 17 0 0 3 0 0 1 25 0 0 0 1 0 0 0 0 0 0 0 104 48 UA

UZ 0 0 0 0 0 0 0 0 0 5 0 0 0 9 6 0 0 135 0 0 0 0 0 4 0 0 0 0 201 0 UZ

ATL 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 5 4 ATL

BAS 0 0 0 1 3 14 0 1 0 3 11 0 1 0 0 0 0 0 0 12 0 0 3 0 0 0 0 0 91 81 BAS

BLS 0 0 0 0 0 3 0 16 0 14 0 0 1 0 0 26 7 0 0 0 11 1 0 0 0 0 0 0 81 29 BLS

MED 0 0 0 0 0 1 0 3 1 1 0 1 1 0 0 17 0 0 0 0 0 49 0 1 2 0 0 0 74 49 MED

NOS 0 0 0 3 4 3 0 0 0 0 1 0 0 0 0 0 0 0 2 1 0 0 16 0 0 0 0 0 56 50 NOS

AST 0 0 0 0 0 0 0 0 0 2 0 0 0 1 2 8 0 3 0 0 0 1 0 24 0 0 0 0 23 1 AST

NOA 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 9 0 0 7 0 0 0 14 9 NOA

EXC 0 0 0 0 1 4 1 5 1 24 1 1 1 1 1 5 1 5 0 0 0 1 0 1 0 0 0 0 90 35 EXC

EU 0 0 0 1 1 17 4 21 1 1 3 3 6 0 0 1 1 0 1 1 0 3 2 0 0 0 0 0 169 160 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.9: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of SOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 73 0 1 0 78 0 67 0 0 0 6 6 0 0 4 0 3 2 0 76 4 3 0 0 13 0 1 0 0 0 0 AL

AM 0 108 0 74 0 -0 0 0 -0 0 0 0 0 -0 0 -0 -0 -0 16 0 0 0 -0 -0 0 0 15 -0 -0 -0 0 AM

AT 0 0 25 0 21 1 7 0 5 0 21 62 0 0 4 0 11 4 0 1 8 6 0 0 19 0 1 0 0 0 0 AT

AZ 0 11 0 224 0 0 0 0 -0 0 0 0 0 0 0 -0 -0 0 24 0 0 0 -0 -0 0 0 57 0 -0 0 0 AZ

BA 2 0 2 0 499 1 26 1 0 0 13 17 0 0 5 0 4 3 0 6 14 6 0 0 10 0 1 0 0 0 0 BA

BE 0 0 2 0 5 100 2 0 3 -0 11 84 0 0 9 0 94 48 -0 0 1 1 2 0 3 0 1 0 2 0 0 BE

BG 1 0 1 0 21 0 361 2 0 0 6 8 0 1 1 0 2 2 0 14 1 3 0 0 1 0 5 1 0 0 1 BG

BY 0 0 0 0 4 1 1 46 0 0 5 13 1 7 1 3 2 6 0 0 0 1 0 0 0 0 10 13 0 1 0 BY

CH 0 0 5 0 3 1 1 0 54 -0 6 47 0 0 7 0 29 5 0 0 1 1 0 0 25 0 0 0 0 0 0 CH

CY 0 0 0 0 8 0 27 1 0 22 1 2 0 0 1 0 1 0 0 30 0 0 0 0 3 0 3 0 0 0 0 CY

CZ 0 0 8 0 21 3 9 1 2 0 113 96 0 1 4 0 17 10 0 1 4 8 0 0 4 0 1 1 0 0 0 CZ

DE 0 0 6 0 8 13 4 1 4 0 27 203 1 1 6 1 35 25 0 1 1 2 1 0 4 0 1 1 1 0 0 DE

DK 0 0 0 0 4 7 2 1 0 -0 11 51 19 1 1 1 11 39 0 0 0 0 1 1 0 0 1 1 0 0 0 DK

EE 0 0 0 0 0 1 0 5 0 0 2 7 1 27 0 11 1 8 0 0 0 0 0 0 0 0 4 5 0 2 0 EE

ES 0 0 0 0 4 1 1 0 0 -0 1 3 0 0 202 0 10 3 0 0 1 0 0 0 4 0 0 0 0 0 0 ES

FI 0 0 0 0 0 0 0 1 0 0 1 3 0 7 0 34 1 2 0 0 0 0 0 0 0 0 1 1 0 0 0 FI

FR 0 0 1 0 5 6 1 0 3 -0 5 28 0 0 32 0 89 18 0 0 1 1 1 0 10 0 0 0 0 0 0 FR

GB 0 0 0 0 1 2 1 0 0 -0 2 11 0 0 5 0 14 128 0 0 0 0 8 1 1 0 0 0 0 0 0 GB

GE 0 12 0 46 0 0 1 0 0 0 0 0 0 0 0 -0 0 0 90 0 0 0 -0 -0 0 0 12 0 0 0 0 GE

GL 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GL

GR 6 0 1 0 29 0 201 1 0 0 4 5 0 0 2 0 2 1 0 138 2 2 0 0 8 0 3 0 0 0 0 GR

HR 2 0 5 0 251 1 24 1 1 0 20 29 0 1 6 0 7 4 0 5 49 11 0 0 22 0 1 0 0 0 0 HR

HU 1 0 6 0 61 2 21 2 1 0 28 39 0 1 4 0 8 6 0 2 13 48 0 0 7 0 2 1 0 0 0 HU

IE 0 0 0 0 0 1 0 0 0 -0 0 2 0 0 3 0 3 41 0 0 0 0 38 1 1 0 0 0 0 0 0 IE

IS 0 -0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 -0 0 0 0 0 95 0 0 0 0 0 0 0 IS

IT 1 0 3 0 53 1 9 0 2 0 8 11 0 0 16 0 18 2 0 5 11 2 0 0 144 0 0 0 0 0 0 IT

KG 0 0 -0 0 0 -0 0 0 -0 0 -0 -0 -0 0 -0 -0 -0 -0 0 0 0 -0 -0 -0 -0 35 141 0 -0 0 0 KG

KZT 0 0 0 1 0 -0 0 0 -0 0 0 0 0 0 0 0 -0 -0 0 0 0 0 -0 0 0 1 330 0 -0 0 0 KZT

LT 0 0 0 0 3 1 1 11 0 0 4 16 2 7 1 3 2 10 0 0 0 1 0 0 1 0 5 45 0 2 0 LT

LU 0 0 3 0 6 28 2 0 3 0 12 110 0 0 11 0 99 30 0 0 1 1 1 0 3 0 1 0 18 0 0 LU

LV 0 0 0 0 1 1 0 9 0 0 3 12 2 13 1 5 2 9 0 0 0 0 0 0 0 0 5 17 0 5 0 LV

MD 0 0 1 0 7 1 16 6 0 0 10 11 0 2 1 1 2 3 0 1 1 3 0 0 1 0 9 2 0 0 9 MD

ME 12 0 1 0 129 0 32 0 0 0 7 8 0 0 3 0 3 2 0 12 5 3 0 0 8 0 1 0 0 0 0 ME

MK 13 0 1 0 41 0 155 1 0 0 7 7 0 0 2 0 2 2 0 62 2 3 0 0 4 0 1 0 0 0 0 MK

MT 2 0 1 0 39 0 21 0 0 0 3 4 0 0 24 0 14 3 0 17 3 1 0 0 66 0 1 0 0 0 0 MT

NL 0 0 2 0 5 54 3 1 2 -0 12 120 1 0 5 0 53 64 -0 0 1 1 3 1 2 0 1 1 1 0 0 NL

NO 0 0 0 0 0 0 0 0 0 0 1 4 0 1 1 2 1 5 0 0 0 0 0 1 0 0 1 0 0 0 0 NO

PL 0 0 1 0 8 3 5 4 0 0 25 50 1 3 2 1 7 14 0 1 1 4 0 0 2 0 3 3 0 0 0 PL

PT 0 0 0 0 2 1 0 0 0 0 1 3 0 0 98 0 4 3 0 0 0 0 0 0 1 0 0 0 0 0 0 PT

RO 1 0 1 0 22 1 34 3 0 0 10 13 0 1 2 0 3 3 0 3 2 7 0 0 2 0 5 1 0 0 2 RO

RS 5 0 2 0 89 1 67 1 0 0 15 18 0 0 3 0 4 3 0 9 5 12 0 0 4 0 2 0 0 0 1 RS

RUE 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 53 0 0 0 0 RUE

SE 0 0 0 0 1 1 0 1 0 0 2 8 2 3 1 5 2 8 0 0 0 0 0 0 0 0 1 1 0 0 0 SE

SI 0 0 12 0 75 2 15 1 1 0 19 37 0 0 6 0 8 3 0 2 41 7 0 0 45 0 1 0 0 0 0 SI

SK 0 0 4 0 23 2 12 2 1 0 37 36 0 1 3 0 7 6 0 1 5 23 0 0 3 0 2 1 0 0 0 SK

TJ 0 0 -0 0 0 -0 0 0 -0 0 0 0 0 0 -0 0 -0 -0 0 0 0 0 -0 -0 -0 3 76 0 -0 0 0 TJ

TM 0 1 0 5 0 0 0 0 -0 0 0 0 0 0 0 0 -0 -0 1 0 0 0 -0 0 0 1 160 0 -0 0 0 TM

TR 0 2 0 1 3 0 14 1 0 1 1 1 0 0 0 0 0 0 1 5 0 0 0 0 0 0 3 0 0 0 0 TR

UA 0 0 0 0 5 1 6 9 0 0 7 10 0 3 1 1 2 3 0 1 0 2 0 0 0 0 17 2 0 0 1 UA

UZ 0 0 0 2 0 0 0 0 -0 0 0 0 0 0 0 0 -0 -0 0 0 0 0 -0 0 0 4 267 0 -0 0 0 UZ

ATL 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 0 1 3 0 0 0 0 0 2 0 0 2 0 0 0 0 ATL

BAS 0 0 0 0 1 2 1 2 0 0 4 20 4 7 1 11 4 16 0 0 0 0 1 0 0 0 1 3 0 1 0 BAS

BLS 0 1 0 2 4 0 21 3 0 0 4 5 0 1 0 0 1 1 5 3 0 1 0 0 0 0 13 1 0 0 1 BLS

MED 3 0 1 0 50 1 50 1 0 2 4 5 0 0 32 0 14 2 0 41 5 1 0 0 40 0 1 0 0 0 0 MED

NOS 0 0 0 0 2 4 1 0 0 -0 3 19 1 0 3 0 13 49 0 0 0 0 2 1 1 0 0 0 0 0 0 NOS

AST 0 1 0 5 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 63 0 0 0 0 AST

NOA 1 0 0 0 16 0 27 0 0 0 1 1 0 0 14 0 4 1 0 25 1 0 0 0 11 0 0 0 0 0 0 NOA

EXC 0 0 0 2 5 1 5 1 0 0 3 8 0 1 6 1 4 4 1 1 1 1 0 0 3 1 75 1 0 0 0 EXC

EU 0 0 2 0 12 4 20 1 1 0 11 35 1 2 33 4 21 17 0 5 2 3 1 0 14 0 1 2 0 0 0 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD
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Table C.9 Cont.: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of SOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 19 73 1 0 0 26 0 29 180 4 0 0 6 0 0 9 24 0 0 0 1 60 1 0 2 11 2 17 710 243 AL

AM 0 0 0 -0 -0 1 -0 1 0 6 -0 0 0 0 4 75 5 4 0 0 1 1 -0 51 0 9 0 14 311 3 AM

AT 0 1 0 1 0 34 0 8 17 2 0 8 6 0 0 1 10 0 2 1 0 8 2 0 0 12 1 4 286 219 AT

AZ 0 0 0 0 -0 2 -0 1 0 31 -0 0 0 0 13 21 22 11 0 0 1 0 0 42 0 6 0 7 418 4 AZ

BA 16 8 0 1 0 40 0 23 115 3 0 1 10 0 0 2 20 0 1 1 1 18 2 0 1 11 1 6 852 170 BA

BE 0 0 0 11 0 21 0 2 2 1 0 0 2 0 0 0 6 0 20 1 0 3 45 0 0 15 8 3 415 394 BE

BG 1 10 0 0 0 33 0 93 58 21 0 0 5 0 0 26 96 0 0 1 12 6 1 0 0 10 1 3 778 534 BG

BY 0 0 0 1 0 81 0 4 3 43 1 0 3 0 0 0 55 0 1 5 0 1 4 0 0 7 1 0 310 147 BY

CH 0 0 0 1 0 7 0 2 2 0 0 1 1 0 0 0 3 0 3 0 0 7 2 0 0 15 1 4 203 139 CH

CY 1 4 0 0 0 9 0 12 10 9 0 0 1 0 0 1433 34 0 0 0 8 160 0 12 5 13 13 29 1614 110 CY

CZ 0 1 0 2 0 84 0 12 22 4 0 2 14 0 0 1 21 0 3 2 0 3 6 0 0 11 2 2 469 389 CZ

DE 0 1 0 8 0 43 0 4 6 2 0 1 3 0 0 0 11 0 8 6 0 3 24 0 0 12 4 2 425 388 DE

DK 0 1 0 6 2 34 0 3 3 3 2 0 1 0 0 0 7 0 9 28 0 1 50 0 0 9 11 0 219 195 DK

EE 0 0 0 1 1 19 0 1 0 30 4 0 1 0 0 0 10 0 2 17 0 0 6 0 0 5 3 0 143 92 EE

ES 0 0 0 0 0 3 9 1 2 0 0 0 1 0 0 0 1 0 26 0 0 59 1 0 4 21 5 3 248 239 ES

FI 0 0 0 0 1 7 0 0 0 20 6 0 0 0 0 0 3 0 2 6 0 0 2 0 0 5 2 0 91 64 FI

FR 0 0 0 2 0 9 1 2 2 0 0 1 1 0 0 0 4 0 27 0 0 23 12 0 1 15 7 3 224 207 FR

GB 0 0 0 2 0 4 0 1 1 0 0 0 0 0 0 0 2 0 37 1 0 2 18 0 0 10 12 1 186 181 GB

GE 0 0 0 0 -0 2 0 1 0 14 0 0 0 0 3 48 15 3 0 0 5 0 0 11 0 7 0 8 250 5 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28 0 0 0 0 GL

GR 3 40 1 0 0 23 0 45 51 12 0 0 4 0 0 79 56 0 0 0 7 87 1 0 2 10 3 15 720 438 GR

HR 5 6 0 1 0 53 0 28 97 4 0 4 12 0 0 2 26 0 1 1 1 32 2 0 1 10 1 5 681 234 HR

HU 2 3 0 1 0 99 0 67 74 8 0 3 29 0 0 2 57 0 2 1 1 7 3 0 1 11 1 3 600 374 HU

IE 0 0 0 0 0 2 0 0 0 0 0 0 0 0 -0 0 1 0 44 0 0 1 3 0 0 11 15 0 94 92 IE

IS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 7 6 0 99 3 IS

IT 2 4 1 0 0 21 0 9 18 1 0 5 4 -0 0 2 8 0 2 0 0 117 1 0 4 12 3 25 364 262 IT

KG 0 0 0 -0 -0 0 -0 0 0 2 -0 -0 -0 10 1 1 1 267 -0 -0 0 0 -0 15 0 11 0 18 459 -0 KG

KZT 0 0 0 0 0 2 -0 0 0 88 0 0 0 1 3 1 17 28 0 0 0 0 0 8 0 10 0 4 474 3 KZT

LT 0 0 0 1 1 67 0 2 2 27 2 0 2 0 0 0 31 0 2 11 0 0 7 0 0 6 3 0 252 172 LT

LU 0 0 0 5 0 20 0 2 2 1 0 0 3 0 0 0 7 0 14 1 0 4 17 0 0 15 4 3 372 350 LU

LV 0 0 0 1 1 33 0 1 1 27 3 0 1 0 0 0 17 0 2 12 0 0 7 0 0 5 3 0 171 110 LV

MD 0 1 0 0 0 74 0 54 9 42 0 0 6 0 0 8 209 1 1 1 6 1 2 0 0 9 1 1 494 190 MD

ME 84 18 0 0 0 27 0 22 160 3 0 0 6 0 0 3 15 0 1 0 1 26 1 0 1 10 1 11 566 136 ME

MK 5 104 0 0 0 27 0 39 152 6 0 0 6 0 0 10 31 0 0 0 2 14 1 0 1 11 1 8 684 319 MK

MT 3 6 32 0 0 10 0 11 22 2 0 1 2 0 0 12 9 0 3 0 1 432 1 0 18 12 13 51 308 210 MT

NL 0 1 0 29 0 33 0 2 3 1 0 0 2 0 0 0 8 0 18 2 0 2 87 0 0 13 10 2 411 389 NL

NO 0 0 0 0 7 5 0 0 0 3 2 0 0 0 0 0 1 0 5 1 0 0 5 0 0 6 4 0 38 24 NO

PL 0 1 0 3 0 228 0 13 8 11 1 1 9 0 0 0 44 0 3 7 0 2 9 0 0 8 2 1 460 377 PL

PT 0 0 0 0 0 2 45 1 1 0 0 0 0 0 0 0 1 0 78 0 0 16 1 0 3 21 7 2 164 160 PT

RO 1 3 0 0 0 59 0 191 32 21 0 0 9 0 0 6 114 0 1 1 5 2 1 0 0 10 1 2 553 340 RO

RS 11 17 0 1 0 53 0 81 277 8 0 1 14 0 0 3 46 0 1 1 2 8 2 0 1 11 1 5 754 289 RS

RUE 0 0 0 0 0 4 0 0 0 107 0 0 0 0 0 1 14 1 0 0 0 0 0 1 0 9 0 1 189 9 RUE

SE 0 0 0 1 4 14 0 1 1 5 11 0 0 0 0 0 3 0 4 9 0 0 9 0 0 5 3 0 75 60 SE

SI 1 3 0 1 0 43 0 16 40 3 0 36 8 0 0 1 15 0 1 1 0 29 2 0 1 10 1 4 444 261 SI

SK 1 2 0 1 0 130 0 36 29 7 0 2 51 0 0 1 49 0 2 1 1 4 3 0 0 9 1 2 478 356 SK

TJ 0 0 0 0 -0 0 -0 0 0 3 0 -0 0 40 7 1 1 203 -0 0 0 0 0 15 0 15 0 25 335 0 TJ

TM 0 0 0 0 0 1 0 0 0 30 0 0 0 3 45 5 14 103 0 0 0 0 0 27 0 12 0 12 369 2 TM

TR 0 1 0 0 0 8 0 9 4 12 0 0 1 0 0 584 42 1 0 0 9 16 0 15 1 12 2 21 701 43 TR

UA 0 1 0 0 0 66 0 16 5 68 0 0 4 0 0 10 255 1 1 2 5 1 2 0 0 8 1 1 499 126 UA

UZ 0 0 0 0 0 1 -0 0 0 38 0 0 0 10 13 4 14 275 -0 0 0 0 0 12 0 12 0 15 631 2 UZ

ATL 0 0 0 0 0 1 0 0 0 5 0 0 0 0 0 0 0 0 15 0 0 0 1 0 0 16 12 0 22 11 ATL

BAS 0 0 0 2 2 31 0 3 1 13 8 0 1 0 0 0 9 0 4 28 0 0 15 0 0 6 5 0 150 120 BAS

BLS 0 1 0 0 0 31 0 27 7 67 0 0 2 0 1 113 223 1 0 1 49 5 1 1 0 8 6 3 544 101 BLS

MED 4 8 3 0 0 16 1 19 27 7 0 1 3 0 0 288 31 0 3 0 5 339 1 3 15 14 13 37 661 237 MED

NOS 0 0 0 3 1 11 0 1 1 1 1 0 1 0 0 0 2 0 19 2 0 1 31 0 0 9 15 1 123 113 NOS

AST 0 0 0 0 0 1 0 1 0 14 0 0 0 1 7 56 10 22 0 0 0 7 0 102 1 19 1 15 187 7 AST

NOA 1 5 1 0 0 5 0 9 11 2 0 0 1 -0 0 79 10 0 1 0 1 105 0 1 35 24 5 35 228 102 NOA

EXC 0 1 0 0 0 13 0 5 4 67 1 0 1 1 2 23 22 15 3 1 1 5 2 3 0 11 1 3 281 60 EXC

EU 1 2 0 2 1 39 2 19 11 7 2 1 4 0 0 6 20 0 13 3 1 23 9 0 1 11 4 4 309 243 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.10: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 34 0 1 0 5 0 6 0 0 0 1 2 0 0 1 0 1 1 0 13 3 3 0 0 8 0 0 0 0 0 0 AL

AM 0 36 0 40 0 0 0 0 0 0 0 1 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 AM

AT 0 0 46 0 1 1 0 0 11 0 10 52 0 0 1 0 14 2 0 0 5 8 0 0 42 0 0 0 1 0 0 AT

AZ 0 7 0 104 0 0 0 0 0 0 0 1 0 0 0 0 0 1 33 0 0 0 0 0 0 0 3 0 0 0 0 AZ

BA 1 0 4 0 47 0 2 0 0 0 3 5 0 0 1 0 2 1 0 1 13 8 0 0 8 0 0 0 0 0 0 BA

BE 0 0 4 0 0 -10 0 0 6 0 4 60 1 0 5 0 93 25 0 0 0 0 2 0 7 0 0 0 3 0 0 BE

BG 0 0 1 0 1 0 40 1 0 0 1 1 0 0 0 -0 0 0 0 4 0 2 0 0 1 0 0 0 0 0 1 BG

BY 0 0 1 0 0 1 0 25 0 0 1 9 2 1 0 1 2 5 0 0 0 1 0 0 1 0 0 5 0 2 1 BY

CH 0 0 18 0 0 2 0 0 107 0 3 72 0 0 3 0 54 4 0 0 0 1 0 0 96 0 0 0 1 0 0 CH

CY 0 0 0 0 0 0 1 -0 0 14 0 1 0 0 0 0 0 0 0 7 0 0 0 0 1 0 0 0 0 0 0 CY

CZ 0 0 22 0 1 2 1 -0 2 0 19 51 0 0 1 0 14 4 0 0 3 13 0 0 6 0 0 0 1 0 0 CZ

DE 0 0 14 0 0 8 0 0 8 0 9 78 2 0 3 0 36 13 0 0 0 1 1 0 9 0 0 0 2 0 0 DE

DK 0 0 1 0 0 8 0 0 0 0 3 49 5 0 1 1 13 25 0 0 0 1 1 0 1 0 0 1 1 0 0 DK

EE 0 0 0 0 0 1 0 5 0 0 0 4 1 5 0 2 1 3 0 0 0 0 0 0 0 0 0 2 0 3 0 EE

ES 0 0 0 0 0 1 0 0 0 0 0 2 0 0 65 -0 9 1 0 0 0 0 0 0 3 0 -0 0 0 0 0 ES

FI 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 FI

FR 0 0 4 0 0 7 0 0 9 0 2 35 0 0 11 0 110 12 0 0 0 0 1 0 17 0 0 0 2 0 0 FR

GB 0 0 0 0 0 3 0 0 1 0 1 10 1 0 3 0 30 37 0 0 0 0 5 0 2 0 0 0 1 0 0 GB

GE 0 8 0 19 0 0 0 0 0 0 0 1 0 0 0 0 0 0 54 0 0 0 0 0 0 0 0 0 0 0 0 GE

GL -0 -0 0 -0 -0 0 -0 0 0 -0 0 0 0 0 0 -0 0 0 -0 -0 -0 0 0 0 0 0 0 0 0 0 -0 GL

GR 2 0 0 0 1 0 26 0 0 0 0 0 0 0 1 0 0 0 0 38 0 1 0 0 4 0 0 0 0 0 1 GR

HR 0 0 12 0 24 1 3 0 1 0 6 13 0 0 1 0 4 2 0 1 28 17 0 0 27 0 0 0 0 0 0 HR

HU 0 0 16 0 6 1 4 1 2 0 10 21 0 0 1 0 7 3 0 1 13 45 0 0 14 0 0 0 0 0 0 HU

IE 0 0 0 0 0 3 0 0 0 0 0 4 0 0 1 0 10 57 0 0 0 0 18 0 1 0 0 0 0 0 0 IE

IS 0 0 0 0 0 0 0 -0 0 0 -0 0 0 -0 0 0 0 1 0 0 0 -0 0 3 0 0 0 -0 0 -0 0 IS

IT 0 0 11 0 2 1 0 0 3 0 3 10 0 0 3 0 9 1 0 1 6 2 0 0 200 0 0 0 0 0 0 IT

KG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 7 0 0 0 0 KG

KZT 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 32 0 0 0 0 KZT

LT -0 0 1 0 0 2 0 12 0 0 1 11 3 1 0 1 3 6 0 0 0 1 0 0 2 0 0 9 0 3 1 LT

LU 0 0 7 0 0 14 0 -0 5 0 6 68 1 0 7 0 81 15 0 0 0 0 1 0 7 0 0 0 -18 0 0 LU

LV -0 0 0 0 0 1 0 8 0 0 1 7 2 1 0 1 1 4 0 0 0 0 0 0 1 0 0 5 0 5 0 LV

MD 0 0 1 0 0 0 2 3 0 0 2 4 0 0 0 0 2 2 0 0 0 2 0 0 1 0 0 0 0 0 13 MD

ME 5 0 1 0 13 0 3 0 0 0 1 1 0 0 1 -0 1 1 0 3 4 3 0 0 5 0 0 0 0 0 0 ME

MK 6 0 1 0 2 0 18 0 0 0 1 2 0 0 1 0 1 1 0 10 1 4 0 0 3 0 0 0 0 0 0 MK

MT 0 0 1 0 1 0 1 0 0 0 0 1 0 0 3 -0 6 1 0 3 1 0 0 0 24 0 0 0 0 0 0 MT

NL 0 0 3 0 0 15 0 0 1 0 4 61 2 0 4 0 58 37 0 0 0 0 3 0 4 0 0 0 3 0 0 NL

NO 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 NO

PL 0 0 3 0 0 2 0 4 1 0 6 25 2 0 1 1 5 6 0 0 1 4 0 0 3 0 0 2 0 1 0 PL

PT 0 0 0 0 0 0 -0 0 0 0 0 1 0 -0 34 -0 2 1 0 0 0 0 0 0 1 0 -0 0 0 -0 0 PT

RO 0 0 3 0 1 0 6 1 1 0 3 6 0 0 0 0 2 1 0 1 1 8 0 0 2 0 0 0 0 0 3 RO

RS 2 0 6 0 8 1 13 1 1 0 6 12 0 0 1 0 4 2 0 6 5 19 0 0 4 0 0 0 0 0 1 RS

RUE 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 3 0 0 0 0 RUE

SE 0 0 0 0 0 1 0 0 0 0 0 5 1 0 0 1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 SE

SI 0 0 32 0 5 1 1 0 2 0 7 21 0 0 1 0 5 2 0 1 31 12 0 0 81 0 0 0 0 0 0 SI

SK 0 0 7 0 2 0 2 0 1 0 9 13 -0 0 1 0 5 2 0 0 4 27 0 0 5 0 0 0 0 0 0 SK

TJ 0 0 0 0 -0 0 0 -0 0 0 0 0 0 -0 0 -0 0 0 0 0 -0 0 0 0 0 1 4 -0 0 -0 0 TJ

TM 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 14 0 0 0 0 TM

TR 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 TR

UA 0 0 0 0 0 0 0 4 0 0 -0 -0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 2 UA

UZ 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 2 24 0 0 0 0 UZ

ATL 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 ATL

BAS 0 0 0 0 0 2 0 1 0 0 1 12 3 1 0 2 4 7 0 0 0 0 0 0 0 0 0 1 0 1 0 BAS

BLS 0 0 -0 0 -0 0 1 1 0 0 -0 -0 0 -0 0 -0 0 0 3 0 -0 0 0 0 0 0 1 0 0 0 1 BLS

MED 0 0 1 0 2 0 4 0 0 0 0 1 0 -0 3 -0 5 1 0 5 2 1 0 0 17 0 0 0 0 -0 0 MED

NOS 0 0 0 0 0 3 0 0 1 0 1 17 1 0 2 0 24 18 0 0 0 0 2 0 2 0 0 0 1 0 0 NOS

AST 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 AST

NOA 0 0 0 0 0 0 1 0 0 0 0 1 0 -0 3 -0 2 0 0 4 0 0 0 0 4 0 -0 0 0 -0 0 NOA

EXC 0 0 1 1 0 1 1 1 1 0 1 5 0 0 2 0 5 2 0 0 0 1 0 0 4 0 6 0 0 0 0 EXC

EU 0 0 5 0 1 2 2 1 3 0 3 20 1 0 11 1 24 8 0 1 1 3 1 0 20 0 0 0 1 0 0 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:23

Table C.10 Cont.: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NOx. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 4 10 0 0 0 2 0 5 43 1 0 0 1 0 0 1 2 0 1 0 1 13 0 0 0 7 0 0 152 47 AL

AM 0 0 0 0 0 1 0 0 0 3 0 0 0 0 0 30 1 0 0 0 1 1 0 8 0 4 0 0 131 5 AM

AT 0 0 0 2 0 6 0 1 2 0 0 10 3 0 0 0 1 0 2 1 0 4 3 0 0 7 0 0 223 202 AT

AZ 0 0 0 0 0 1 0 0 0 14 0 0 0 0 2 7 3 1 1 0 1 0 1 7 0 4 0 0 180 6 AZ

BA 3 0 0 1 0 3 0 4 9 1 -0 1 2 0 0 0 1 0 1 0 0 3 1 0 0 6 0 0 121 46 BA

BE 0 0 0 8 1 2 1 0 -0 0 0 0 0 0 0 0 0 0 14 1 0 4 18 0 0 16 0 0 215 206 BE

BG 0 1 0 -0 0 1 0 19 8 5 0 0 1 0 0 -4 8 0 1 0 5 1 0 0 0 6 0 0 90 70 BG

BY 0 0 0 2 1 19 0 1 1 18 2 0 1 0 0 0 12 0 2 5 0 0 6 0 0 4 0 0 115 56 BY

CH 0 0 0 2 0 2 0 0 -0 0 0 1 0 0 0 0 0 0 2 0 0 5 4 0 0 8 0 0 371 263 CH

CY 0 0 0 0 0 1 0 1 1 2 0 0 0 0 0 50 2 0 1 0 2 67 0 1 0 9 0 0 84 29 CY

CZ 0 0 0 3 0 12 0 3 4 0 0 3 7 0 0 0 1 0 3 1 0 2 4 0 0 8 0 0 175 162 CZ

DE 0 0 0 12 1 9 0 1 -1 0 1 0 1 0 0 0 1 0 7 3 0 3 17 0 0 12 0 0 213 202 DE

DK 0 0 0 14 4 10 0 1 0 1 3 -0 1 0 0 0 1 0 7 9 0 1 38 0 0 9 0 0 145 138 DK

EE 0 0 0 1 1 4 0 0 0 7 3 0 0 0 0 0 2 0 1 6 0 0 4 0 0 3 0 0 46 31 EE

ES 0 0 0 1 0 0 5 0 0 -0 0 0 0 0 0 0 0 0 6 0 0 4 1 0 0 6 0 0 90 89 ES

FI 0 0 0 0 1 1 0 0 0 3 2 0 0 0 0 0 0 0 1 2 0 0 2 0 0 2 0 0 21 16 FI

FR 0 0 0 5 0 1 1 0 0 0 0 0 0 0 0 0 0 0 10 1 0 6 14 0 0 8 0 0 222 211 FR

GB 0 0 0 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0 12 1 0 1 17 0 0 7 0 0 100 98 GB

GE 0 0 0 0 0 1 0 0 0 6 0 0 0 0 0 13 1 0 0 0 2 0 0 1 0 2 0 0 107 3 GE

GL -0 -0 -0 0 0 0 0 -0 0 0 -0 0 0 0 -0 0 0 0 0 0 -0 -0 0 -0 -0 3 0 0 0 0 GL

GR 0 6 0 -0 0 1 0 7 6 2 0 0 0 0 0 3 4 0 1 0 2 14 0 0 0 6 0 0 105 78 GR

HR 1 0 0 1 0 6 0 7 22 1 0 4 4 0 0 0 2 0 1 0 0 7 2 0 0 7 0 0 191 111 HR

HU 0 1 0 1 0 13 0 27 27 1 0 5 13 0 0 0 5 0 2 0 1 3 2 0 0 8 0 0 240 183 HU

IE 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 1 0 1 11 0 0 4 0 0 101 100 IE

IS 0 0 0 0 0 -0 0 0 -0 -0 0 0 -0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 4 1 IS

IT 0 0 0 1 0 2 0 1 1 0 0 7 1 0 0 0 0 0 2 0 0 23 1 0 0 9 0 0 268 254 IT

KG 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 17 0 0 0 0 0 2 0 4 0 0 46 1 KG

KZT 0 0 0 0 0 1 0 0 0 32 0 0 0 0 1 0 1 2 1 0 0 0 1 2 0 6 0 0 76 5 KZT

LT 0 0 0 3 1 21 0 1 0 10 3 0 1 0 0 0 7 0 2 9 0 0 8 0 0 4 0 0 104 71 LT

LU 0 0 0 8 1 3 1 0 -0 0 0 -0 1 0 0 0 0 0 8 1 0 5 13 0 0 12 0 0 208 201 LU

LV 0 0 0 2 1 8 0 0 0 8 2 0 0 0 0 0 4 0 1 7 0 0 5 0 0 3 0 0 67 44 LV

MD 0 0 0 0 0 11 0 32 2 10 0 0 2 0 0 0 32 0 1 1 3 0 1 0 0 6 0 0 125 62 MD

ME 19 1 0 0 0 2 0 4 31 1 -0 0 1 0 0 0 1 0 1 0 0 6 0 0 0 5 0 0 103 26 ME

MK 1 22 0 0 0 3 0 8 41 2 0 0 1 0 0 3 3 0 1 0 1 5 0 0 0 6 0 0 134 54 MK

MT 0 0 -6 0 0 0 0 1 2 0 -0 0 0 0 0 1 1 0 1 0 0 -4 0 0 1 6 0 0 42 36 MT

NL 0 0 0 -4 2 7 0 0 -0 0 1 -0 0 0 0 0 1 0 16 4 0 3 27 0 0 18 0 0 205 199 NL

NO 0 0 0 1 3 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 2 0 0 1 0 0 14 10 NO

PL 0 0 0 4 1 35 0 4 1 3 1 1 4 0 0 0 6 0 3 5 0 1 7 0 0 7 0 0 127 109 PL

PT 0 -0 0 0 0 0 19 0 0 -0 -0 0 0 0 0 0 0 0 7 0 0 2 1 0 0 6 0 0 59 59 PT

RO 0 1 0 0 0 8 0 71 8 5 0 1 3 0 0 -0 13 0 1 0 2 1 1 0 0 6 0 0 151 116 RO

RS 3 6 0 1 0 10 0 27 68 2 0 1 6 0 0 0 4 0 2 0 1 3 2 0 0 8 0 0 222 120 RS

RUE 0 0 0 0 0 1 0 0 0 28 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 3 0 0 38 4 RUE

SE 0 0 0 1 2 2 0 0 0 1 5 0 0 0 0 0 0 0 1 3 0 0 4 0 0 2 0 0 27 23 SE

SI 0 0 0 1 0 6 0 3 6 1 0 35 3 0 0 0 1 0 2 1 0 10 2 0 0 7 0 0 259 213 SI

SK 0 0 0 0 0 7 0 11 6 1 -0 2 20 0 0 0 3 0 2 -0 0 1 1 0 0 6 0 0 131 112 SK

TJ 0 0 0 0 0 0 0 0 0 -0 -0 0 0 23 1 0 0 19 0 0 0 0 0 6 0 4 0 0 49 0 TJ

TM 0 0 0 0 0 1 0 0 0 8 0 0 0 1 14 1 1 18 0 0 0 0 1 5 0 6 0 0 62 4 TM

TR 0 0 0 0 0 1 0 1 0 4 0 0 0 0 0 48 4 0 1 0 3 4 0 2 0 6 0 0 68 8 TR

UA 0 0 0 0 0 2 0 5 0 11 0 0 0 0 0 -0 14 0 1 1 1 0 1 0 0 4 0 0 44 12 UA

UZ 0 0 0 0 0 1 0 0 0 10 0 0 0 5 3 1 1 30 1 0 0 0 1 3 0 7 0 0 83 4 UZ

ATL 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 2 0 0 9 8 ATL

BAS 0 0 0 4 1 8 0 1 0 2 3 0 0 0 0 0 1 0 3 4 0 0 9 0 0 4 0 0 58 52 BAS

BLS 0 0 0 -0 0 0 0 4 0 13 -0 -0 -0 0 0 -7 14 0 1 0 14 -0 0 0 0 4 0 0 31 6 BLS

MED 0 0 0 0 0 0 0 2 1 1 -0 0 0 0 0 3 2 0 1 0 1 16 0 0 1 7 0 0 53 41 MED

NOS 0 0 0 4 2 2 0 0 0 0 1 0 0 0 0 0 0 0 7 2 0 1 7 0 0 6 0 0 81 78 NOS

AST 0 0 0 0 0 0 0 0 0 3 0 0 0 1 1 7 1 3 0 0 0 2 0 23 0 6 0 0 26 2 AST

NOA 0 0 0 0 0 0 0 1 1 0 -0 0 0 0 0 3 1 0 1 0 0 18 0 0 2 7 0 0 22 16 NOA

EXC 0 0 0 1 0 2 0 2 1 18 0 0 0 0 0 2 2 2 1 1 0 1 2 1 0 4 0 0 65 28 EXC

EU 0 0 0 3 1 6 1 6 2 1 1 1 1 0 0 0 2 0 5 2 0 4 7 0 0 7 0 0 135 123 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.11: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NH3. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 161 0 2 0 1 0 4 0 0 -0 1 5 0 0 0 0 1 0 0 26 2 4 0 -0 6 -0 0 0 0 0 0 AL

AM 0 70 -0 23 -0 -0 -0 -0 0 0 -0 -0 -0 -0 -0 -0 -0 -0 4 0 -0 -0 -0 -0 0 -0 -0 -0 -0 -0 -0 AM

AT 0 0 110 0 1 1 1 1 10 0 18 72 1 0 1 0 11 1 0 0 13 19 0 0 35 0 0 0 0 0 0 AT

AZ -0 4 -0 89 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 8 -0 -0 -0 -0 -0 0 0 5 -0 -0 -0 -0 AZ

BA 2 0 5 0 85 1 2 1 1 0 6 14 0 0 0 0 3 1 0 1 38 14 0 0 10 0 0 0 0 0 1 BA

BE 0 0 6 0 0 155 0 0 6 0 6 108 1 0 2 0 103 36 0 0 0 1 3 0 5 0 0 0 7 0 0 BE

BG 1 0 1 0 1 0 93 2 1 0 2 5 0 0 0 0 2 0 0 12 2 5 0 -0 2 0 2 0 0 0 4 BG

BY 0 0 1 0 0 2 0 118 1 0 5 21 3 0 0 0 4 4 0 0 1 4 1 0 1 -0 3 8 0 2 1 BY

CH -0 0 6 0 0 1 -0 0 122 -0 1 46 0 -0 1 0 26 1 0 -0 0 1 0 -0 60 0 0 0 0 0 0 CH

CY -0 0 -0 -0 -0 -0 -2 -1 -0 -38 -0 -1 -0 -0 -0 -0 -0 -0 -0 -3 -0 -1 -0 -0 -1 0 -1 -0 -0 -0 -0 CY

CZ 0 0 34 0 2 4 1 2 3 0 186 111 1 0 1 0 19 4 0 0 10 33 1 0 8 0 1 0 1 0 0 CZ

DE 0 0 15 0 0 17 0 2 8 0 22 298 3 0 2 0 40 14 0 0 2 5 2 0 6 0 0 0 1 0 0 DE

DK 0 0 2 0 0 11 0 3 1 0 8 123 135 0 0 0 22 34 0 0 1 2 3 0 1 -0 1 1 0 0 0 DK

EE 0 0 0 0 0 1 0 12 0 -0 1 13 5 33 0 4 2 5 0 0 0 0 1 0 0 -0 1 7 0 9 0 EE

ES -0 0 0 0 0 1 -0 0 0 -0 0 3 0 0 119 0 14 0 0 -0 0 0 0 -0 2 0 0 0 0 0 0 ES

FI 0 0 0 0 0 0 0 3 0 0 1 5 1 1 0 25 1 1 0 0 0 0 0 -0 0 -0 0 1 0 1 0 FI

FR -0 0 3 0 0 10 -0 0 8 -0 3 40 1 0 9 0 164 11 0 -0 0 1 1 0 15 0 0 0 1 0 0 FR

GB 0 0 1 0 0 10 0 0 1 -0 1 28 2 0 2 0 43 177 0 0 0 0 8 0 2 -0 0 0 0 0 0 GB

GE 0 5 -0 23 -0 -0 -0 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 55 0 -0 -0 -0 -0 0 0 -0 -0 -0 -0 -0 GE

GL -0 0 -0 0 -0 -0 -0 0 -0 -0 -0 -0 0 -0 -0 -0 -0 -0 0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 GL

GR 3 0 1 0 0 0 18 1 0 -0 1 2 0 -0 -0 0 1 0 0 87 1 2 0 -0 1 0 0 0 0 0 1 GR

HR 0 0 13 0 20 1 2 1 2 -0 10 22 1 0 0 0 4 1 0 0 135 29 0 0 43 0 0 0 0 0 1 HR

HU 0 0 18 0 4 1 3 2 3 0 18 39 1 0 0 0 7 2 0 0 37 204 0 -0 14 0 1 0 0 0 1 HU

IE 0 0 0 0 0 3 0 0 0 0 0 5 0 0 1 0 17 55 0 0 0 0 51 0 1 0 0 0 0 0 0 IE

IS 0 -0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 -0 0 0 0 0 4 0 -0 -0 0 0 0 0 IS

IT 1 0 7 0 1 0 0 0 4 0 2 7 0 0 1 0 4 -0 0 0 5 3 0 -0 297 0 0 0 0 0 0 IT

KG -0 0 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 0 0 -0 -0 -0 -0 0 30 7 -0 -0 -0 -0 KG

KZT -0 0 -0 0 -0 -0 -0 0 -0 -0 -0 -0 -0 0 -0 0 -0 -0 0 -0 -0 -0 -0 -0 -0 1 72 0 -0 0 0 KZT

LT 0 0 1 0 0 3 0 33 0 0 5 34 8 1 1 1 6 8 0 0 1 2 1 0 2 -0 2 84 0 7 1 LT

LU 0 0 9 0 0 55 0 0 6 0 10 163 1 0 3 0 97 16 0 0 1 2 2 0 5 0 0 0 40 0 0 LU

LV 0 0 1 0 0 2 0 21 0 0 2 23 6 3 0 1 4 6 0 0 0 1 1 0 1 -0 2 30 0 36 0 LV

MD 0 0 2 0 0 1 10 6 1 0 5 13 1 0 0 0 4 1 0 1 1 7 0 -0 2 0 8 0 0 0 99 MD

ME 27 0 3 0 9 0 2 0 1 0 3 8 0 0 0 0 2 0 0 3 5 7 0 0 5 0 0 0 0 0 0 ME

MK 17 0 2 0 1 0 9 1 1 0 2 6 0 0 0 0 2 0 0 48 3 7 0 -0 3 0 0 0 0 0 1 MK

MT 0 -0 1 -0 1 0 0 0 0 0 0 1 0 0 1 0 5 0 -0 -0 1 1 0 0 26 0 -0 0 0 0 0 MT

NL 0 0 5 0 0 49 0 1 3 0 7 131 4 0 1 0 61 58 0 0 0 2 6 0 3 0 0 0 1 0 0 NL

NO 0 -0 0 -0 0 1 0 0 0 0 0 8 3 0 0 -0 3 3 0 0 0 0 0 -0 0 -0 -0 0 0 0 0 NO

PL 0 0 5 0 1 5 1 11 2 -0 34 88 7 0 1 0 12 8 0 0 3 14 1 0 5 0 2 3 0 1 1 PL

PT -0 0 0 0 -0 0 -0 0 0 -0 0 1 0 0 38 0 5 0 0 -0 -0 -0 0 -0 0 0 0 0 0 0 -0 PT

RO 1 0 3 0 1 0 10 2 2 0 3 11 1 0 0 0 3 1 0 1 3 19 0 -0 4 0 3 0 0 0 7 RO

RS 5 0 5 0 8 1 8 1 2 0 7 18 0 0 0 0 4 1 0 4 17 31 0 -0 4 0 1 0 0 0 2 RS

RUE 0 0 0 0 0 0 0 2 0 -0 0 1 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 13 0 0 0 0 RUE

SE 0 0 0 0 0 2 0 2 0 -0 1 19 12 0 0 1 4 5 0 0 0 1 1 -0 0 -0 0 0 0 0 0 SE

SI 0 0 37 0 4 1 1 1 3 0 9 25 1 0 0 0 4 0 0 0 61 20 0 0 103 0 0 0 0 0 1 SI

SK 0 0 13 0 1 2 2 2 3 0 34 44 1 0 1 0 9 2 0 0 9 89 0 0 7 0 1 1 0 0 0 SK

TJ -0 0 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 -0 -0 -0 1 0 -0 -0 -0 -0 TJ

TM -0 0 -0 1 -0 -0 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 0 -0 -0 -0 0 10 0 -0 0 0 TM

TR -0 0 0 0 -0 0 2 -0 0 -0 0 0 0 -0 -0 -0 0 -0 0 0 0 0 0 -0 0 0 -0 0 0 -0 0 TR

UA 0 0 1 0 0 1 2 15 1 0 4 13 1 0 0 0 3 1 0 0 1 6 0 0 1 0 9 1 0 0 8 UA

UZ -0 0 -0 0 -0 -0 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 -0 -0 -0 3 16 0 -0 0 -0 UZ

ATL 0 -0 0 -0 0 0 0 0 0 -0 0 2 0 -0 2 -0 5 4 -0 0 0 0 1 -0 0 -0 -0 0 0 0 0 ATL

BAS 0 0 1 0 0 4 0 7 1 -0 4 65 31 2 0 6 9 12 0 0 0 2 1 0 1 -0 1 5 0 2 0 BAS

BLS 0 0 1 0 0 0 6 0 0 0 1 2 0 -0 0 -0 1 0 2 1 0 1 0 -0 0 0 2 -0 0 0 2 BLS

MED -1 -0 1 -0 -1 0 -3 -1 0 -1 -0 1 -0 -0 0 -0 1 -0 -0 -4 -0 -1 -0 -0 10 -0 -1 -0 0 -0 -0 MED

NOS 0 0 2 0 0 17 0 1 1 -0 3 63 13 0 2 0 50 73 0 0 0 1 5 -0 2 0 0 0 0 0 0 NOS

AST -0 0 0 1 -0 -0 -0 0 0 -0 -0 -0 0 -0 -0 -0 -0 -0 0 -0 -0 -0 -0 -0 -0 0 6 0 -0 -0 -0 AST

NOA -1 -0 -0 -0 -0 -0 -2 -0 -0 -0 -0 -0 -0 -0 -1 -0 -0 -0 -0 -2 -0 -0 -0 -0 -4 -0 -0 -0 -0 -0 -0 NOA

EXC 0 0 1 1 0 1 1 3 1 -0 2 11 1 0 3 1 7 3 0 1 1 2 0 0 5 0 15 1 0 0 1 EXC

EU 0 0 7 0 0 6 4 3 3 -0 10 51 4 1 16 2 33 16 0 3 3 10 2 0 26 0 1 2 0 1 1 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD
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Table C.11 Cont.: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of NH3. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 3 18 0 0 0 1 -0 9 59 0 0 0 1 -0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 307 61 AL

AM -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 25 -0 -0 0 0 0 0 0 11 0 1 0 0 120 -1 AM

AT 0 0 0 2 0 11 0 5 7 0 0 20 5 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 346 313 AT

AZ -0 -0 -0 -0 -0 -0 -0 -0 -0 4 -0 -0 -0 0 1 5 -0 0 0 0 0 0 0 5 0 1 0 0 117 -1 AZ

BA 3 1 0 1 0 5 -0 14 58 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 272 80 BA

BE 0 0 -0 49 0 8 0 0 0 0 0 0 1 -0 0 -0 0 0 0 0 0 0 0 0 -0 2 0 0 500 492 BE

BG 0 2 0 0 0 2 -0 54 33 2 0 0 1 0 0 9 1 0 0 0 0 0 0 0 0 2 0 0 239 181 BG

BY 0 0 0 3 0 67 0 5 1 14 2 0 2 -0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 280 137 BY

CH -0 -0 -0 1 0 0 0 0 0 -0 0 1 0 -0 0 -0 0 0 0 0 0 0 0 0 -0 2 0 0 270 147 CH

CY -0 -0 -0 -0 -0 -2 -0 -3 -2 -3 -0 -0 -0 -0 -0 -62 -0 -0 0 0 0 0 0 3 -0 -1 0 0 -121 -50 CY

CZ 0 0 0 6 0 48 0 8 11 1 1 5 17 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 517 487 CZ

DE 0 0 -0 27 0 26 0 2 2 1 1 2 2 -0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 504 488 DE

DK 0 0 -0 28 1 33 0 3 1 1 9 0 1 -0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 430 418 DK

EE 0 0 -0 3 1 17 0 1 0 10 7 0 0 -0 0 0 0 0 0 0 0 0 0 -0 -0 1 0 0 135 110 EE

ES -0 -0 0 1 0 0 2 -0 -0 -0 0 0 0 -0 0 -0 -0 0 0 0 0 0 0 0 0 2 0 0 142 142 ES

FI 0 0 -0 1 0 4 0 0 0 3 4 0 0 -0 -0 0 0 -0 0 0 0 0 0 -0 -0 0 0 0 53 46 FI

FR 0 -0 -0 8 0 2 0 0 0 0 0 1 0 -0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 281 272 FR

GB 0 0 -0 16 0 3 0 0 0 0 1 0 0 -0 0 0 0 0 0 0 0 0 0 0 -0 2 0 0 298 296 GB

GE -0 0 -0 -0 -0 -0 -0 0 -0 3 -0 -0 -0 0 0 13 -0 -0 0 0 0 0 0 2 0 1 0 0 98 -0 GE

GL -0 -0 0 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 0 0 0 0 0 -0 0 12 0 0 -0 -0 GL

GR 0 5 -0 0 0 0 -0 9 11 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 -0 -0 1 0 0 143 122 GR

HR 0 0 0 1 0 11 -0 16 47 1 0 15 4 0 0 -0 0 0 0 0 0 0 0 0 0 2 0 0 381 173 HR

HU 0 0 0 2 0 28 -0 38 43 1 0 8 21 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 499 406 HU

IE 0 0 0 3 0 1 0 0 0 0 0 0 0 0 -0 -0 0 0 0 0 0 0 0 -0 0 1 0 0 139 139 IE

IS 0 0 0 0 0 0 0 0 0 -0 0 0 0 -0 -0 -0 0 -0 0 0 0 0 0 -0 0 1 0 0 7 3 IS

IT 0 0 0 0 0 2 -0 2 3 -0 0 6 1 -0 0 -0 0 0 0 0 0 0 0 0 0 2 0 0 350 335 IT

KG -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 1 -0 -0 -0 -0 0 0 0 0 0 4 -0 1 0 0 38 -0 KG

KZT -0 -0 -0 -0 0 -0 -0 0 -0 25 0 -0 -0 0 0 -0 0 1 0 0 0 0 0 5 -0 1 0 0 100 -0 KZT

LT 0 0 0 8 0 85 0 3 1 16 6 0 1 -0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 322 266 LT

LU 0 0 -0 17 0 6 0 1 1 0 0 1 1 -0 0 -0 0 0 0 0 0 0 0 0 0 2 0 0 435 427 LU

LV 0 0 0 6 0 35 0 2 0 11 7 0 1 -0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 204 168 LV

MD 0 0 0 1 0 20 0 97 5 13 0 0 3 0 0 3 6 0 0 0 0 0 0 0 0 2 0 0 310 167 MD

ME 53 2 0 1 0 3 0 9 91 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 238 48 ME

MK 0 103 0 0 0 2 -0 14 78 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 305 96 MK

MT 0 0 112 0 0 0 -0 1 2 -0 0 0 0 0 0 -0 0 0 0 0 0 0 0 -0 1 1 0 0 154 150 MT

NL 0 0 0 196 0 15 0 1 1 0 1 0 1 -0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 550 544 NL

NO 0 0 -0 2 9 1 0 0 0 -0 2 0 0 -0 -0 -0 0 -0 0 0 0 0 0 -0 0 0 0 0 34 25 NO

PL 0 0 0 10 0 289 0 9 4 4 2 1 10 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 534 506 PL

PT -0 -0 -0 0 0 0 58 -0 -0 -0 0 -0 0 0 0 -0 -0 0 0 0 0 0 0 0 0 3 0 0 103 103 PT

RO 0 1 0 1 0 9 0 191 23 4 0 1 2 0 0 1 1 0 0 0 0 0 0 0 0 2 0 0 308 260 RO

RS 2 7 0 1 0 6 0 48 248 2 0 1 3 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 438 143 RS

RUE 0 0 -0 0 0 1 0 0 0 58 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 1 0 0 78 4 RUE

SE 0 0 -0 4 2 8 0 1 0 0 24 0 0 -0 0 0 0 0 0 0 0 0 0 -0 0 1 0 0 88 83 SE

SI 0 0 0 1 0 11 -0 12 17 0 0 146 3 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 464 375 SI

SK 0 0 0 3 0 57 0 23 13 1 1 4 122 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 447 415 SK

TJ -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 24 0 -0 -0 7 0 0 0 0 0 4 -0 1 0 0 32 -0 TJ

TM -0 -0 0 -0 -0 -0 -0 -0 -0 0 -0 -0 0 1 21 0 0 7 0 0 0 0 0 4 0 1 0 0 40 -0 TM

TR -0 -0 -0 0 0 -0 -0 2 0 0 -0 0 -0 0 -0 120 0 -0 0 0 0 0 0 2 0 1 0 0 125 4 TR

UA 0 0 0 1 0 28 0 20 2 26 0 0 2 0 0 1 10 0 0 0 0 0 0 0 0 1 0 0 158 86 UA

UZ -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 4 3 -0 0 31 0 0 0 0 0 2 0 0 0 0 57 -0 UZ

ATL 0 0 0 1 0 0 0 0 -0 -1 0 0 0 -0 -0 -0 0 -0 0 0 0 0 0 -0 0 1 0 0 16 16 ATL

BAS 0 0 -0 12 1 42 0 3 1 5 22 0 1 -0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 241 225 BAS

BLS 0 0 -0 0 0 1 -0 14 2 6 0 0 0 -0 0 13 -3 0 0 0 0 0 0 0 -0 1 0 0 53 28 BLS

MED -0 -0 -1 0 0 -1 -0 -3 -2 -3 -0 1 -0 -0 -0 -22 -0 -0 0 0 0 0 0 -0 -3 -1 0 0 -32 0 MED

NOS 0 0 0 35 2 9 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 284 279 NOS

AST -0 -0 -0 -0 -0 -0 -0 -0 -0 1 -0 -0 -0 0 1 1 -0 -0 0 0 0 0 0 17 0 2 0 0 10 -0 AST

NOA -0 -0 -0 -0 -0 -1 -0 -2 -2 -1 -0 -0 -0 -0 -0 -5 -0 -0 0 0 0 0 0 0 -1 -0 0 0 -23 -13 NOA

EXC 0 0 0 2 0 8 0 4 2 32 1 0 1 0 1 4 0 1 0 0 0 0 0 1 0 2 0 0 120 56 EXC

EU 0 0 0 8 0 30 1 15 5 1 3 2 3 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 276 259 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.12: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of VOC. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 4 0 1 0 1 0 2 1 1 0 1 5 0 0 1 0 3 1 0 8 1 2 0 0 11 0 0 0 0 0 0 AL

AM 0 8 -0 -0 0 0 -0 0 -0 0 0 0 0 0 0 0 -0 0 5 0 -0 -0 0 0 0 0 0 0 0 0 0 AM

AT 0 0 12 0 1 0 0 1 3 0 2 12 0 0 1 0 4 1 0 0 3 4 0 0 15 0 0 0 0 0 0 AT

AZ 0 1 0 -1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 AZ

BA 0 0 2 0 5 0 2 1 1 0 2 7 0 0 1 0 3 2 0 1 1 2 0 0 11 0 0 0 0 0 0 BA

BE 0 0 5 0 0 10 0 2 6 0 3 32 0 0 2 0 19 16 0 1 1 1 1 0 14 0 0 0 0 0 0 BE

BG 0 0 1 0 1 0 10 3 1 0 2 7 0 0 1 0 3 2 0 3 1 2 0 0 3 0 0 0 0 0 1 BG

BY 0 0 1 0 0 0 0 7 0 0 1 5 0 0 0 0 2 2 0 0 0 1 0 0 1 0 0 1 0 0 0 BY

CH 0 0 6 0 0 0 0 0 15 0 1 12 0 0 2 0 8 1 0 0 1 1 0 0 18 0 0 0 0 0 0 CH

CY 0 0 0 0 0 0 0 2 0 0 1 3 0 0 1 0 1 1 1 1 0 0 0 0 4 0 0 0 0 0 0 CY

CZ 0 0 6 0 1 1 1 2 2 0 8 19 0 0 1 0 7 3 0 0 2 5 0 0 6 0 0 0 0 0 0 CZ

DE 0 0 9 0 1 3 0 2 6 0 6 36 1 0 2 0 12 7 0 1 2 2 0 0 12 0 0 0 0 0 0 DE

DK 0 0 2 0 0 2 0 2 1 0 5 27 4 0 1 0 7 7 0 0 1 1 0 0 4 0 0 0 0 0 0 DK

EE 0 0 0 0 0 0 0 2 0 0 0 3 0 1 0 1 1 2 0 0 0 0 0 0 0 0 0 0 0 1 0 EE

ES 0 0 0 0 0 0 0 0 0 0 0 1 0 0 12 0 4 1 0 0 0 0 0 0 4 0 0 0 0 0 0 ES

FI 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 FI

FR 0 0 2 0 0 1 0 1 3 0 1 10 0 0 4 0 15 3 0 0 1 1 0 0 12 0 0 0 0 0 0 FR

GB 0 0 1 0 0 1 0 0 1 0 1 7 0 0 1 0 7 15 0 0 0 0 1 0 5 0 0 0 0 0 0 GB

GE 0 1 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GL

GR 1 0 1 0 1 0 2 2 1 0 1 5 0 0 1 0 3 2 0 7 1 1 0 0 7 0 0 0 0 0 0 GR

HR 0 0 3 0 4 1 1 2 1 0 3 10 0 0 1 0 5 2 0 1 5 5 0 0 22 0 0 0 0 0 0 HR

HU 0 0 5 0 2 1 1 3 1 0 3 13 0 0 1 0 5 3 0 1 4 13 0 0 8 0 0 0 0 0 0 HU

IE 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 0 0 1 0 1 0 0 0 0 0 0 IE

IS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 IS

IT 0 0 6 0 1 0 0 1 4 0 2 7 0 0 3 0 10 2 0 1 3 2 0 0 179 0 0 0 0 0 0 IT

KG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 KG

KZT 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 KZT

LT 0 0 0 0 0 0 0 5 0 0 1 5 1 0 0 0 2 2 0 0 0 0 0 0 1 0 0 1 0 1 0 LT

LU 0 0 6 0 1 4 0 1 6 0 4 32 0 0 2 0 17 8 0 1 1 2 0 0 14 0 0 0 1 0 0 LU

LV 0 0 0 0 0 0 0 3 0 0 0 4 1 0 0 1 1 2 0 0 0 0 0 0 1 0 0 1 0 1 0 LV

MD 0 0 1 0 0 0 1 4 0 0 2 6 0 0 0 0 2 2 0 0 0 2 0 0 2 0 0 0 0 0 1 MD

ME 1 0 1 0 1 0 1 1 0 0 1 5 0 0 1 0 2 1 0 2 1 1 0 0 8 0 0 0 0 0 0 ME

MK 1 0 1 0 1 0 3 1 1 0 1 5 0 0 1 0 2 1 0 9 1 2 0 0 5 0 0 0 0 0 0 MK

MT 0 0 1 0 1 0 0 1 1 0 1 4 0 0 5 0 8 2 0 1 1 1 0 0 37 0 0 0 0 0 0 MT

NL 0 0 5 0 0 10 1 2 5 0 5 44 1 0 2 0 20 23 0 1 1 2 1 0 12 0 0 0 0 0 0 NL

NO 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 NO

PL 0 0 2 0 0 1 0 4 1 0 4 15 1 0 1 0 5 4 0 0 1 3 0 0 4 0 0 1 0 0 0 PL

PT 0 0 0 0 0 0 0 0 0 0 0 1 0 0 7 0 2 1 0 0 0 0 0 0 2 0 0 0 0 0 0 PT

RO 0 0 1 0 1 0 1 2 1 0 2 7 0 0 1 0 3 2 0 1 1 3 0 0 3 0 0 0 0 0 0 RO

RS 1 0 3 0 3 0 2 2 1 0 3 9 0 0 1 0 4 2 0 2 2 6 0 0 7 0 0 0 0 0 0 RS

RUE 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 RUE

SE 0 0 0 0 0 0 0 1 0 0 0 3 1 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 SE

SI 0 0 7 0 3 1 1 2 1 0 2 11 0 0 1 0 5 2 0 1 8 4 0 0 36 0 0 0 0 0 0 SI

SK 0 0 4 0 1 1 0 2 1 0 4 12 0 0 1 0 4 3 0 0 2 9 0 0 5 0 0 0 0 0 0 SK

TJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 TJ

TM 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 TM

TR 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 TR

UA 0 0 1 0 0 0 0 4 0 0 1 5 0 0 0 1 2 2 0 0 0 1 0 0 1 0 0 0 0 0 0 UA

UZ 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2 1 0 0 0 0 UZ

ATL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ATL

BAS 0 0 1 0 0 1 0 2 0 0 1 9 1 0 0 1 2 4 0 0 0 0 0 0 1 0 0 0 0 1 0 BAS

BLS 0 0 1 0 0 0 1 4 0 0 1 5 0 0 0 0 1 1 3 1 0 1 0 0 1 0 0 0 0 0 0 BLS

MED 1 0 1 0 1 0 1 1 1 0 1 4 0 0 4 0 7 2 0 2 1 1 0 0 24 0 0 0 0 0 0 MED

NOS 0 0 1 0 0 2 0 1 1 0 1 12 1 0 1 0 6 8 0 0 0 0 0 0 3 0 0 0 0 0 0 NOS

AST 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AST

NOA 0 0 0 0 0 0 0 1 0 0 0 2 0 0 2 0 2 1 0 1 0 0 0 0 8 0 0 0 0 0 0 NOA

EXC 0 0 1 0 0 0 0 1 0 0 0 3 0 0 1 0 1 1 0 0 0 0 0 0 4 0 0 0 0 0 0 EXC

EU 0 0 3 0 0 1 1 1 2 0 2 10 0 0 3 0 6 4 0 1 1 2 0 0 18 0 0 0 0 0 0 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:27

Table C.12 Cont.: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of VOC. Emitters →, Receptors ↓. (Based on ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 0 3 0 1 0 4 0 3 6 3 0 0 1 0 0 1 2 0 0 0 0 1 0 0 0 -3 0 0 67 45 AL

AM 0 0 0 0 0 0 -0 -0 -0 2 0 -0 0 0 0 3 0 0 0 0 0 0 0 1 0 -9 0 0 18 0 AM

AT 0 0 0 1 0 5 0 2 2 2 0 4 1 0 0 0 1 0 0 0 0 0 0 0 0 -0 0 0 81 66 AT

AZ 0 0 0 0 0 1 0 0 0 9 0 -0 0 0 0 1 1 0 0 0 0 0 0 1 0 -7 0 0 23 2 AZ

BA 0 0 0 1 0 6 0 6 8 3 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 -2 0 0 73 49 BA

BE 0 0 0 9 0 9 1 2 1 3 0 1 1 0 0 0 2 0 0 0 0 0 1 0 0 16 0 0 144 128 BE

BG 0 1 0 1 0 7 0 10 3 9 1 0 1 0 0 6 5 0 0 0 0 0 0 0 0 -2 0 0 82 53 BG

BY 0 0 0 1 0 7 0 1 0 8 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 -4 0 0 44 25 BY

CH 0 0 0 0 0 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 72 54 CH

CY 0 0 0 0 0 3 0 2 1 7 0 0 0 0 0 24 3 0 0 0 0 1 0 0 0 -12 0 0 58 19 CY

CZ 0 0 0 1 0 12 0 3 2 4 1 1 2 0 0 0 2 0 0 0 0 0 0 0 0 4 0 0 96 79 CZ

DE 0 0 0 4 0 10 0 2 2 3 1 1 1 0 0 0 2 0 0 0 0 0 1 0 0 11 0 0 132 113 DE

DK 0 0 0 4 1 7 0 1 1 3 2 0 0 0 0 0 1 0 0 1 0 0 1 0 0 9 0 0 85 75 DK

EE 0 0 0 0 0 3 0 0 0 6 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 -2 0 0 26 16 EE

ES 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 -1 0 0 27 26 ES

FI 0 0 0 0 0 1 0 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 13 7 FI

FR 0 0 0 1 0 3 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 65 57 FR

GB 0 0 0 2 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 5 0 0 48 45 GB

GE 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 -5 0 0 29 2 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GL

GR 0 1 0 0 0 5 0 4 3 6 0 0 1 0 0 5 3 0 0 0 0 1 0 0 0 -4 0 0 66 42 GR

HR 0 0 0 1 0 8 0 7 8 4 0 2 1 0 0 0 3 0 0 0 0 0 0 0 0 -0 0 0 103 75 HR

HU 0 0 0 1 0 13 0 7 5 5 1 2 3 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 108 82 HU

IE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -2 0 0 9 8 IE

IS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 2 1 IS

IT 0 0 0 1 0 4 0 3 2 2 0 5 1 0 0 0 1 0 0 0 0 1 0 0 0 7 0 0 245 229 IT

KG 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 -4 0 0 8 1 KG

KZT 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 -10 0 0 14 3 KZT

LT 0 0 0 1 0 7 0 1 0 5 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 -2 0 0 39 26 LT

LU 0 0 0 3 0 6 0 2 1 2 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 9 0 0 121 106 LU

LV 0 0 0 1 0 4 0 0 0 6 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 -2 0 0 31 20 LV

MD 0 0 0 1 0 8 0 11 1 13 1 0 1 0 0 1 6 0 0 0 0 0 0 0 0 -6 0 0 70 42 MD

ME 1 1 0 0 0 4 0 2 3 2 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 -4 0 0 44 32 ME

MK 0 4 0 0 0 4 0 3 4 3 0 0 1 0 0 1 2 0 0 0 0 0 0 0 0 -4 0 0 60 41 MK

MT 0 0 4 1 0 2 0 2 1 2 0 0 0 0 0 1 1 0 0 0 0 5 0 0 0 -0 0 0 79 70 MT

NL 0 0 0 16 1 11 1 2 1 3 1 1 1 0 0 0 2 0 0 0 0 0 2 0 0 22 0 0 178 161 NL

NO 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 5 NO

PL 0 0 0 2 0 19 0 3 1 5 1 1 2 0 0 0 3 0 0 0 0 0 0 0 0 3 0 0 87 70 PL

PT 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 23 22 PT

RO 0 0 0 1 0 7 0 18 2 7 1 0 1 0 0 1 4 0 0 0 0 0 0 0 0 -5 0 0 73 52 RO

RS 0 2 0 1 0 8 0 7 12 4 1 1 2 0 0 1 3 0 0 0 0 0 0 0 0 -1 0 0 87 57 RS

RUE 0 0 0 0 0 1 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -2 0 0 12 3 RUE

SE 0 0 0 0 1 2 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 13 SE

SI 0 0 0 1 0 6 0 5 6 3 0 12 1 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 123 97 SI

SK 0 0 0 1 0 13 0 5 2 4 1 1 4 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 87 70 SK

TJ 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 1 0 0 0 0 0 1 0 -4 0 0 6 1 TJ

TM 0 0 0 0 0 1 0 0 0 7 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 -8 0 0 16 4 TM

TR 0 0 0 0 0 2 0 1 0 5 0 0 0 0 0 21 2 0 0 0 0 0 0 0 0 -7 0 0 43 11 TR

UA 0 0 0 1 0 7 0 3 0 16 1 0 1 0 0 1 6 0 0 0 0 0 0 0 0 -3 0 0 58 28 UA

UZ 0 0 0 0 0 1 0 0 0 7 0 0 0 1 0 0 1 2 0 0 0 0 0 1 0 -8 0 0 19 4 UZ

ATL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 3 2 ATL

BAS 0 0 0 1 1 5 0 1 0 4 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 41 33 BAS

BLS 0 0 0 0 0 6 0 4 1 19 1 0 1 0 0 12 7 0 0 0 0 0 0 0 0 -2 0 0 76 27 BLS

MED 0 0 0 0 0 3 0 2 1 4 0 1 0 0 0 7 2 0 0 0 0 3 0 0 0 -3 0 0 75 56 MED

NOS 0 0 0 3 0 3 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 5 0 0 46 42 NOS

AST 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 2 1 0 0 0 0 0 0 1 0 -6 0 0 10 2 AST

NOA 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 2 1 0 0 0 0 1 0 0 0 -2 0 0 28 21 NOA

EXC 0 0 0 0 0 2 0 1 0 6 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 -3 0 0 26 16 EXC

EU 0 0 0 1 0 5 0 3 1 3 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 2 0 0 72 61 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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Table C.13: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM, SOx, NOx, NH3 and VOC. Emitters →, Receptors ↓. (Based on

ECMWF meteorology.)

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD

AL 417 0 6 0 88 1 83 2 1 0 10 19 1 0 6 0 9 4 0 164 12 14 0 0 42 0 1 0 0 0 1 AL

AM 0 227 0 143 0 0 1 0 0 0 0 1 0 0 0 0 0 0 39 0 0 0 0 0 0 0 16 0 0 0 0 AM

AT 1 0 277 0 26 5 9 2 33 0 56 215 2 1 8 0 45 9 0 2 32 49 0 0 124 0 1 1 1 0 0 AT

AZ 0 24 0 440 0 0 0 1 0 0 0 2 0 0 0 0 0 1 75 0 0 0 0 0 0 0 67 0 0 0 0 AZ

BA 8 0 15 0 712 2 35 3 3 0 26 46 1 0 8 0 14 6 0 11 77 39 0 0 45 0 2 0 0 0 2 BA

BE 0 0 18 0 6 354 2 3 22 0 26 319 3 1 20 1 384 133 0 1 2 5 8 1 30 0 1 1 17 1 0 BE

BG 3 0 5 0 23 1 642 8 2 0 10 22 1 1 2 1 7 5 0 40 5 15 0 0 7 0 8 1 0 1 8 BG

BY 0 0 3 0 5 4 2 271 1 0 13 51 7 10 2 6 11 17 0 0 2 9 1 0 4 0 14 31 0 10 3 BY

CH 0 0 41 0 3 5 1 0 384 0 12 193 1 0 14 0 140 10 0 1 2 3 0 0 222 0 0 0 1 0 0 CH

CY 0 0 1 0 9 0 28 2 0 20 2 4 0 0 2 0 2 2 1 38 1 1 0 0 8 0 2 0 0 0 0 CY

CZ 1 0 81 0 26 11 13 5 11 0 386 304 3 1 7 1 63 22 0 3 21 74 1 0 26 0 2 1 2 1 1 CZ

DE 0 0 53 0 10 46 5 5 31 0 70 745 9 1 13 1 142 63 0 2 6 13 5 1 33 0 2 2 6 1 0 DE

DK 0 0 5 0 5 28 3 7 3 0 28 269 239 1 4 3 57 112 0 1 2 4 6 1 6 0 2 4 2 2 0 DK

EE 0 0 1 0 0 3 0 27 0 0 4 29 9 134 1 27 5 19 0 0 0 1 1 0 1 0 5 17 0 35 1 EE

ES 0 0 1 0 4 2 1 0 1 0 2 10 0 0 452 0 42 6 0 0 1 1 1 0 13 0 0 0 0 0 0 ES

FI 0 0 0 0 0 1 0 7 0 0 2 12 3 12 0 115 2 6 0 0 0 0 0 0 0 0 2 3 0 2 0 FI

FR 0 0 12 0 5 26 1 1 26 0 12 124 1 0 59 0 523 47 0 1 2 3 3 0 60 0 1 0 4 0 0 FR

GB 0 0 3 0 1 18 1 1 3 0 4 59 3 0 11 1 105 423 0 0 1 1 23 1 11 0 0 0 1 0 0 GB

GE 0 27 0 91 0 0 1 1 0 0 0 1 0 0 0 0 0 0 230 1 0 0 0 0 0 0 13 0 0 0 0 GE

GL 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GL

GR 16 0 3 0 32 1 261 4 1 0 7 13 1 1 4 0 6 4 0 382 4 7 0 0 23 0 3 1 0 0 2 GR

HR 4 0 40 0 323 4 33 4 5 0 41 79 2 1 9 1 21 9 0 9 280 85 0 0 129 0 2 1 1 0 2 HR

HU 2 0 55 0 79 5 31 8 8 0 64 120 2 1 7 1 30 14 0 5 77 486 1 0 48 0 3 2 1 1 2 HU

IE 0 0 0 0 0 7 0 0 1 0 1 12 1 0 6 0 34 163 0 0 0 0 126 1 4 0 0 0 0 0 0 IE

IS 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 3 0 0 0 0 0 103 0 0 0 0 0 0 0 IS

IT 3 0 31 0 60 2 11 2 15 0 15 37 1 0 24 0 48 6 0 8 27 12 0 0 1046 0 0 0 0 0 0 IT

KG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 113 177 0 0 0 0 KG

KZT 0 0 0 1 0 0 0 2 0 0 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 5 515 0 0 0 0 KZT

LT 0 0 3 0 3 7 1 77 1 0 12 71 15 12 2 8 14 28 0 0 2 5 2 0 6 0 8 180 0 30 2 LT

LU 0 0 27 0 7 117 2 2 23 0 34 432 2 0 24 1 382 72 0 2 3 6 4 0 30 0 1 1 123 0 0 LU

LV 0 0 1 0 1 5 1 49 1 0 7 48 12 26 1 12 9 23 0 0 1 3 2 0 3 0 7 63 0 138 1 LV

MD 1 0 6 0 8 2 34 22 2 0 19 36 2 3 2 2 11 7 0 4 3 18 0 0 5 0 19 3 0 1 162 MD

ME 62 0 7 0 162 1 40 2 2 0 12 23 1 0 5 0 9 4 0 22 17 17 0 0 30 0 1 0 0 0 1 ME

MK 50 0 6 0 47 1 201 3 2 0 12 21 1 1 4 0 8 4 0 189 7 19 0 0 16 0 2 0 0 0 2 MK

MT 3 0 4 0 43 1 23 1 1 0 4 10 0 0 34 0 39 5 0 23 6 4 0 0 176 0 1 0 0 0 0 MT

NL 1 0 16 0 6 158 4 4 11 0 29 414 8 1 13 2 219 194 0 2 2 6 13 1 21 0 1 2 6 1 0 NL

NO 0 0 0 0 0 2 0 1 0 0 2 16 5 1 2 3 6 11 0 0 0 0 1 1 0 0 1 1 0 0 0 NO

PL 0 0 13 0 10 11 7 29 3 0 77 194 14 4 4 3 32 33 0 1 6 31 3 0 14 0 6 10 1 3 2 PL

PT 0 0 0 0 2 1 0 0 0 0 1 6 0 0 197 0 16 6 0 0 0 0 1 0 4 0 0 0 0 0 0 PT

RO 2 0 11 0 25 2 62 10 4 0 19 38 1 1 3 1 12 7 0 6 8 47 0 0 12 0 9 2 0 1 14 RO

RS 17 0 18 0 116 2 99 5 4 0 32 60 1 1 5 1 17 9 0 26 32 84 0 0 22 0 3 1 0 0 4 RS

RUE 0 0 0 1 0 0 0 5 0 0 1 3 1 2 0 2 1 1 0 0 0 0 0 0 0 0 76 1 0 1 0 RUE

SE 0 0 1 0 1 4 1 4 0 0 4 36 19 4 1 9 9 18 0 0 0 1 1 1 1 0 1 2 0 1 0 SE

SI 1 0 112 0 92 4 19 4 7 0 39 99 2 1 9 1 24 8 0 5 170 55 0 0 297 0 2 1 1 0 1 SI

SK 1 0 34 0 29 4 17 7 6 0 91 113 2 1 5 1 28 14 0 3 22 204 1 0 22 0 3 2 1 1 1 SK

TJ 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 87 0 0 0 0 TJ

TM 0 2 0 7 0 0 0 1 0 0 0 1 0 0 0 0 1 1 2 0 0 0 0 0 0 1 200 0 0 0 0 TM

TR 0 4 1 2 3 0 18 2 0 2 2 4 0 0 1 0 2 1 4 8 0 1 0 0 2 0 3 0 0 0 1 TR

UA 0 0 3 1 6 2 10 38 1 0 12 30 2 4 2 2 8 7 1 2 2 12 1 0 3 0 28 4 0 2 13 UA

UZ 0 1 0 3 0 0 0 1 0 0 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0 14 350 0 0 0 0 UZ

ATL 0 0 0 0 0 1 0 0 0 0 0 4 0 0 6 1 11 10 0 0 0 0 2 2 1 0 2 0 0 0 0 ATL

BAS 0 0 2 0 2 10 1 13 1 0 11 114 51 18 2 30 21 41 0 0 1 3 3 0 3 0 3 11 1 12 1 BAS

BLS 0 1 2 3 4 1 33 9 1 0 6 12 1 1 1 1 3 3 14 6 1 4 0 0 2 0 16 2 0 1 5 BLS

MED 4 0 4 0 53 1 54 2 2 2 5 12 0 0 44 0 35 5 0 51 9 3 0 0 110 0 1 0 0 0 0 MED

NOS 0 0 4 0 2 28 1 2 3 0 9 119 18 0 8 1 105 162 0 1 1 2 10 1 7 0 0 1 2 1 0 NOS

AST 0 1 0 8 0 0 1 1 0 2 0 1 0 0 0 0 0 0 1 2 0 0 0 0 1 1 79 0 0 0 0 AST

NOA 1 0 1 0 16 0 27 1 0 0 2 4 0 0 19 0 9 2 0 30 1 1 0 0 22 0 0 0 0 0 0 NOA

EXC 1 1 4 3 6 3 8 8 3 0 7 29 2 2 13 3 21 11 1 4 3 6 1 1 19 2 111 2 0 1 1 EXC

EU 1 0 20 0 14 15 31 7 9 0 28 132 8 4 70 11 107 50 0 14 8 24 5 0 96 0 2 6 2 4 1 EU

AL AM AT AZ BA BE BG BY CH CY CZ DE DK EE ES FI FR GB GE GR HR HU IE IS IT KG KZT LT LU LV MD



APPENDIX C. SR TABLES FOR 2011 C:29

Table C.13 Cont.: 2011 country-to-country blame matrices for PM2.5.

Units: ng/m3 per 15% emis. red. of PPM, SOx, NOx, NH3 and VOC. Emitters →, Receptors ↓. (Based on

ECMWF meteorology.)

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU

AL 32 121 1 2 0 35 0 53 309 9 1 2 9 0 0 12 28 0 2 1 2 80 2 0 3 17 2 17 1497 463 AL

AM 0 0 0 0 0 2 0 1 0 11 0 0 0 0 5 145 7 4 0 0 1 2 0 78 0 4 0 14 605 7 AM

AT 1 1 0 5 1 61 1 19 29 5 1 69 28 0 0 1 13 0 3 1 0 12 6 0 1 20 1 4 1133 987 AT

AZ 0 0 0 0 0 4 0 1 0 63 0 0 0 0 17 36 26 13 1 0 1 1 1 68 0 4 0 7 777 12 AZ

BA 31 10 0 3 1 59 0 57 204 8 1 5 19 0 0 3 24 0 2 1 1 23 3 0 2 16 1 6 1481 394 BA

BE 0 1 0 92 2 44 2 5 4 4 1 2 4 0 0 0 8 0 36 2 0 8 75 0 0 49 8 3 1526 1470 BE

BG 2 16 0 1 1 47 0 226 108 40 1 1 9 0 0 42 112 0 1 1 19 8 1 0 1 15 1 3 1426 1048 BG

BY 0 0 0 7 2 198 0 15 5 92 6 1 9 0 0 1 77 0 3 11 1 1 10 0 0 8 1 0 893 420 BY

CH 0 0 0 4 0 11 1 3 3 1 0 5 2 0 0 0 4 0 5 1 0 13 6 0 1 24 1 4 1071 672 CH

CY 1 4 0 0 0 11 0 13 9 15 0 0 1 0 0 1509 39 0 1 0 11 247 1 18 5 9 13 29 1730 136 CY

CZ 1 2 0 12 1 186 1 32 41 10 2 15 68 0 0 1 25 0 6 3 1 6 12 0 0 25 2 2 1467 1318 CZ

DE 0 1 0 55 3 101 1 10 10 7 3 5 9 0 0 1 14 0 15 11 0 7 45 0 0 37 4 2 1485 1395 DE

DK 0 1 0 53 12 96 1 9 6 9 18 1 5 0 0 0 10 0 17 48 0 2 100 0 0 29 11 0 1017 958 DK

EE 0 0 0 6 5 49 0 3 1 60 19 0 2 0 0 0 14 0 3 28 0 0 11 0 0 7 3 0 479 365 EE

ES 0 0 0 2 0 4 23 2 3 0 0 1 1 0 0 0 1 0 34 0 0 72 3 0 5 28 5 3 578 566 ES

FI 0 0 0 2 5 14 0 1 0 32 16 0 0 0 0 0 4 0 3 9 0 0 4 0 0 6 2 0 244 193 FI

FR 0 0 0 16 1 17 2 4 3 2 0 3 3 0 0 0 4 0 39 1 0 32 29 0 1 26 7 3 971 924 FR

GB 0 0 0 25 1 11 1 2 1 1 2 1 1 0 0 0 2 0 54 2 0 3 42 0 0 24 12 1 721 708 GB

GE 0 0 0 0 0 3 0 1 0 30 0 0 0 0 4 81 18 3 0 0 7 1 0 16 0 5 0 8 510 10 GE

GL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 43 0 0 0 0 GL

GR 4 59 1 1 0 31 0 75 75 21 1 1 6 0 0 93 65 0 1 1 10 113 1 0 3 13 3 15 1208 826 GR

HR 7 8 0 5 1 85 1 71 186 10 1 51 28 0 0 3 32 0 3 1 1 45 4 0 2 19 1 5 1573 707 HR

HU 3 5 0 6 1 170 1 188 159 16 2 30 109 0 0 2 68 0 4 2 2 11 6 0 1 21 1 3 1813 1378 HU

IE 0 0 0 6 1 4 0 0 0 1 1 0 0 0 0 0 1 0 66 1 0 1 15 0 0 15 15 0 373 368 IE

IS 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 1 0 0 8 6 0 113 9 IS

IT 3 4 1 2 0 32 1 17 25 3 1 32 7 0 0 3 10 0 3 1 0 157 3 0 6 30 3 25 1490 1334 IT

KG 0 0 0 0 0 0 0 0 0 4 0 0 0 21 2 1 1 334 0 0 0 0 0 23 0 12 0 18 656 1 KG

KZT 0 0 0 0 0 3 0 1 0 173 0 0 0 2 4 2 19 39 1 1 0 0 1 16 0 7 0 4 774 11 KZT

LT 0 0 0 14 3 206 0 9 3 67 14 1 6 0 0 0 43 0 4 22 0 1 16 0 0 9 3 0 854 645 LT

LU 0 1 0 36 1 38 2 6 4 4 1 3 6 0 0 1 9 0 23 1 0 9 33 0 0 39 4 3 1407 1350 LU

LV 0 0 0 10 4 92 0 5 2 58 17 0 3 0 0 0 24 0 4 22 0 0 13 0 0 8 3 0 630 481 LV

MD 1 2 0 3 1 125 0 302 17 85 2 1 15 0 0 14 266 1 2 3 10 2 3 0 0 11 1 1 1209 604 MD

ME 245 24 0 2 0 38 0 44 305 6 1 2 11 0 0 5 18 0 1 1 1 36 2 0 2 14 1 11 1120 270 ME

MK 7 334 0 1 0 38 0 75 299 12 1 1 11 0 0 16 36 0 1 1 3 20 2 0 1 16 1 8 1429 611 MK

MT 4 6 196 1 0 14 1 17 28 4 0 2 3 0 0 14 11 0 4 0 1 525 2 0 22 19 13 51 682 559 MT

NL 0 1 0 317 4 72 2 7 5 5 3 1 5 0 0 1 11 0 36 7 0 6 143 0 0 56 10 2 1566 1513 NL

NO 0 0 0 3 51 8 0 1 0 4 7 0 0 0 0 0 1 0 6 3 0 0 8 0 0 8 4 0 129 71 NO

PL 0 1 0 19 2 744 0 35 15 25 6 4 38 0 0 1 56 0 6 13 1 3 17 0 0 21 2 1 1460 1302 PL

PT 0 0 0 1 0 2 265 1 1 0 0 0 0 0 0 0 1 0 98 0 0 19 2 0 3 29 7 2 509 503 PT

RO 2 5 0 2 1 90 0 779 70 40 1 3 20 0 0 9 137 1 2 1 9 3 3 0 0 13 1 2 1457 1121 RO

RS 22 38 0 3 1 83 0 209 700 17 1 4 31 0 0 5 55 0 3 1 3 11 4 0 1 20 1 5 1732 712 RS

RUE 0 0 0 0 1 7 0 1 0 242 1 0 0 0 1 1 16 2 1 1 0 0 1 1 0 12 0 1 370 23 RUE

SE 0 0 0 7 16 30 0 3 1 8 60 0 1 0 0 0 4 0 5 14 0 0 14 0 0 8 3 0 252 215 SE

SI 1 4 0 5 1 72 1 44 72 7 1 551 19 0 0 2 19 0 3 1 1 43 5 0 1 21 1 4 1751 1368 SI

SK 1 3 0 6 1 248 0 94 52 14 2 13 396 0 0 1 58 1 4 1 1 5 5 0 0 19 1 2 1506 1305 SK

TJ 0 0 0 0 0 0 0 0 0 4 0 0 0 153 10 2 1 269 0 0 0 0 0 36 0 16 0 25 534 1 TJ

TM 0 0 0 0 0 3 0 0 0 49 0 0 0 7 120 7 16 160 0 0 0 0 1 49 0 11 0 12 583 10 TM

TR 0 2 0 0 0 11 0 16 6 23 0 0 1 0 0 908 50 1 1 0 13 23 1 21 2 12 2 21 1082 72 TR

UA 0 1 0 3 1 118 0 60 8 138 2 1 10 0 0 13 309 1 2 3 7 1 3 1 0 10 1 1 863 301 UA

UZ 0 0 0 0 0 2 0 0 0 60 0 0 0 31 26 5 16 473 1 0 0 0 1 23 0 11 0 15 991 10 UZ

ATL 0 0 0 1 1 2 1 0 0 5 0 0 0 0 0 0 1 0 20 0 0 1 2 0 0 19 12 0 54 42 ATL

BAS 0 0 0 21 8 99 0 8 3 28 46 1 3 0 0 0 11 0 7 44 0 1 27 0 0 14 5 0 582 510 BAS

BLS 0 2 0 1 1 41 0 65 10 119 1 0 4 0 1 157 248 1 1 1 74 6 1 2 0 11 6 3 785 191 BLS

MED 4 9 3 1 0 20 1 23 28 10 0 3 4 0 0 292 35 0 5 0 7 406 2 4 16 16 13 37 832 383 MED

NOS 0 0 0 48 9 27 1 3 2 2 4 1 2 0 0 0 3 0 28 5 0 2 55 0 0 20 15 1 590 563 NOS

AST 0 0 0 0 0 2 0 1 0 24 0 0 0 3 11 74 11 27 0 0 1 10 0 167 1 21 1 15 254 11 AST

NOA 2 5 1 0 0 6 1 9 10 3 0 0 1 0 0 82 12 0 2 0 2 133 1 1 43 29 5 35 270 136 NOA

EXC 1 1 0 3 2 28 2 16 9 147 3 2 4 2 4 34 27 22 4 2 1 7 4 5 0 15 1 3 583 195 EXC

EU 1 3 0 16 3 98 9 64 19 14 9 9 15 0 0 8 24 0 19 6 1 30 18 0 1 21 4 4 962 846 EU

ME MK MT NL NO PL PT RO RS RUE SE SI SK TJ TM TR UA UZ ATL BAS BLS MED NOS AST NOA BIC DMS VOL EXC EU
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APPENDIX D

Explanatory note on country reports for 2011

For many years, country reports have been issued as a supplement to the EMEP status reports.

The country reports issued by EMEP MSC-W focus on chemical species that are relevant

to eutrophication, acidification and ground level ozone, but also information on particulate

matter is given. More specifically, these country reports provide for each country:

• horizontal maps of emissions, and modeled air concentrations and depositions in 2011

• emission trends for the years 2000 to 2011, and emissions in the year 2020 according

to the revised Gothenburg Protocol

• modeled trends of air concentrations and depositions for the years 2000 to 2011, and

for the year 2020

• maps and charts on transboundary air pollution in 2011, visualizing the effect of the

country on its surroundings, and vice versa

• frequency analyses of air concentrations and depositions, based on measurements and

model results for 2011, along with a statistical analysis of model performance

• maps on the risk of damage from ozone and particulate matter in 2011

EMEP MSC-W issues these country reports for 47 Parties to the Convention, and for

Tajikistan, Turkmenistan and Uzbekistan. For the Russian Federation, the country report

includes the territory of the Russian Federation, which is covered by the extended EMEP

domain (see Figure 1.1b).

All 50 country reports are written in English. For the 12 EECCA countries, the reports

are made available also in Russian. All country reports can be downloaded in pdf format

from the MSC-W report page on the EMEP website http://emep.int/mscw/mscw_

publications.html

This year, the country reports are found under the header ’MSC-W Data Note 1/2013’.

The reports for each country can be selected conveniently from a drop-down menu.

D:1

http://emep.int/mscw/mscw_publications.html
http://emep.int/mscw/mscw_publications.html
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APPENDIX E

Model Development - Performance Changes

Tables E:1-E:15 present the results of both the current model version (rv4.4) and earlier model

versions as obtained from the orginal EMEP status reports. Data from these Tables underly

the discussion and illustrations presented in Chapter 3 (see Section 3.4 for details).

E:1
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Table E:1: Comparison of model results and observations for SO2 [µg(S) m−3]

for the years 1980–2011. ‘Original’ results refer to evaluations as given in

earlier EMEP reports, with model version as given in left column. ‘Updated’

results are derived from model version rv4.4 and latest EMEP CCC data-base

for observations. See Chapter 3 for details.

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 44 5.46 4 0.84 1980

rv1.7 51 6.04 -8 0.76 1985

rv1.7 60 2.82 7 0.42 1990 93 3.07 30 0.53

rv1.7 77 1.42 24 0.60 1995

rv1.7 77 1.53 16 0.81 1996

rv1.7 76 1.15 30 0.80 1997

rv1.7 75 1.01 23 0.71 1998

rv1.7 80 0.84 25 0.81 1999

rv1.7 81 0.72 39 0.73 2000 78 0.80 29 0.73

rv1.8 76 0.81 14 0.67 2001 80 0.79 32 0.70

rv2.0 68 0.85 24 0.56 2002 70 0.78 29 0.64

rv2.3 59 0.88 32 0.59 2003 64 0.84 30 0.67

rv2.6 58 0.67 34 0.67 2004 63 0.67 26 0.69

rv2.7 58 0.80 22 0.51 2005 60 0.76 11 0.50

rv3.1 56 0.78 21 0.41 2006 61 0.74 16 0.40

rv3.4 59 0.50 27 0.62 2007 57 0.57 14 0.32

rv3.6 51 0.42 48 0.60 2008 52 0.42 38 0.65

rv3.8 48 0.42 58 0.39 2009 45 0.41 52 0.35

rv4.0 44 0.54 21 0.37 2010 44 0.54 25 0.33

rv4.4 38 0.54 21 0.59 2011 38 0.54 21 0.59

Notes: Nstat is the number of stations with observations that went into the calculation

of this table, ‘Obs.’ represents the Observations, Bias(%) is the relative bias between

the observation and model results in percentage and ‘Corr.’ represents the spatial cor-

relation. The year in the table shows the meteorological year. Relative bias is defined

as Mod−Obs
0.5(Mod+Obs) × 100%. Thus a negative bias indicates that the model concentra-

tions are lower compared to the concentrations.
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Table E:2: As Table E:1, but for SO 2 –
4 [µg(S) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 27 1.70 6 0.94 1980

rv1.7 34 1.57 -3 0.86 1985

rv1.7 47 1.23 -3 0.72 1990 87 1.34 4 0.59

rv1.7 67 0.95 0 0.79 1995

rv1.7 67 1.03 2 0.79 1996

rv1.7 67 0.83 0 0.77 1997

rv1.7 67 0.77 -5 0.77 1998

rv1.7 68 0.73 -10 0.74 1999

rv1.7 70 0.63 -4 0.71 2000 82 0.66 -7 0.75

rv1.8 2001 82 0.70 -11 0.83

rv2.0 70 0.74 -9 0.78 2002 77 0.73 -14 0.84

rv2.3 68 0.79 -5 0.71 2003 77 0.77 -14 0.82

rv2.6 56 0.61 -13 0.82 2004 63 0.60 -9 0.80

rv2.7 60 0.70 -13 0.81 2005 67 0.68 -18 0.77

rv3.1 61 0.73 -19 0.75 2006 68 0.72 -19 0.76

rv3.4 61 0.64 -41 0.64 2007 64 0.62 -22 0.74

rv3.6 58 0.56 -42 0.64 2008 59 0.56 -25 0.67

rv3.8 53 0.58 -43 0.74 2009 54 0.58 -26 0.76

rv4.0 43 0.58 -20 0.80 2010 43 0.58 -26 0.79

rv4.4 43 0.63 -27 0.85 2011 43 0.63 -27 0.85

Table E:3: As Table E:1, but for NO2 [µg(N) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 1990 54 3.09 -21 0.70

rv1.7 2000 52 2.02 19 0.56

rv1.8 2001 50 1.84 22 0.76

rv2.0 2002 49 2.05 11 0.73

rv2.3 2003 48 1.79 18 0.70

rv2.6 2004 50 1.84 20 0.52

rv2.7 2005 44 1.77 16 0.72

rv3.1 2006 44 1.83 17 0.72

rv3.4 2007 42 1.90 3 0.63

rv3.6 40 1.70 -12 0.77 2008 41 1.72 7 0.77

rv3.8 42 1.70 3 0.74 2009 44 1.68 14 0.78

rv4.0 42 1.98 -7 0.77 2010 42 1.98 3 0.79

rv4.4 37 1.79 8 0.61 2011 37 1.79 8 0.61
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Table E:4: As Table E:1, but for NH3 [µg(N) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 1990 3 5.11 -87 0.98

rv1.7 2000 14 1.68 -64 0.99

rv1.8 2001 12 1.88 -64 0.97

rv2.0 2002 12 1.54 56 0.94

rv2.3 2003 12 0.85 -51 0.61

rv2.6 2004 12 0.64 -54 0.87

rv2.7 15 1.79 -20 0.94 2005 20 1.43 -41 0.89

rv3.1 14 0.90 40* 0.35 2006 20 0.76 -19 0.58

rv3.4 16 1.78 -34 0.93 2007 20 0.76 -22 0.70

rv3.6 22 1.02 -11 0.32 2008 22 0.99 -15 0.34

rv3.8 11 0.92 -10 0.29 2009 11 0.92 -12 0.40

rv4.0 11 0.72 9 0.51 2010 11 0.72 13 0.52

rv4.4 10 0.89 -5 0.48 2011 10 0.89 -5 0.48

Table E:5: As Table E:1, but for NH+
4 [µg(N) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 4 2.35 -24 0.97 1980

rv1.7 6 2.76 -29 0.99 1985

rv1.7 7 1.14 42 0.91 1990 20 1.38 18 0.76

rv1.7 16 0.95 37 0.83 1995

rv1.7 16 1.17 29 0.81 1996

rv1.7 19 1.13 15 0.80 1997

rv1.7 20 1.03 15 0.84 1998

rv1.7 22 0.89 17 0.75 1999

rv1.7 21 0.79 34 0.75 2000 34 0.62 24 0.77

rv1.8 2001 21 0.76 -8 0.92

rv2.0 2002 21 0.92 5 0.79

rv2.3 2003 25 0.91 5 0.82

rv2.6 19 0.63 19 0.84 2004 24 0.71 7 0.81

rv2.7 22 0.87 26 0.79 2005 33 0.93 0 0.84

rv3.1 21 0.94 -1 0.75 2006 31 0.96 -5 0.81

rv3.4 30 0.78 -29 0.64 2007 35 0.85 2 0.86

rv3.6 37 0.67 -26 0.78 2008 39 0.85 -5 0.82

rv3.8 27 0.85 -40 0.66 2009 26 1.07 -17 0.76

rv4.0 22 1.09 -16 0.74 2010 22 1.09 -14 0.74

rv4.4 24 1.00 -18 0.75 2011 24 1.00 -18 0.75
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Table E:6: As Table E:1, but for total ammonium (TNHx = NH3 + NH+
4) [µg(N) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 21 1.39 -14 0.85 1990 28 1.46 -33 0.61

rv1.7 32 1.30 5 0.91 1995

rv1.7 32 1.30 13 0.84 1996

rv1.7 34 1.23 8 0.80 1997

rv1.7 34 1.04 15 0.80 1998

rv1.7 40 1.33 -2 0.78 1999

rv1.7 38 1.31 2 0.76 2000 51 1.19 -6 0.79

rv1.8 2001 46 1.21 -5 0.82

rv2.0 42 1.20 35 0.72 2002 48 1.16 2 0.69

rv2.3 34 1.12 42 0.73 2003 48 1.26 2 0.80

rv2.6 43 1.24 25 0.63 2004 46 1.25 -7 0.80

rv2.7 36 1.46 15 0.66 2005 47 1.49 -16 0.83

rv3.1 42 1.72 12 0.57 2006 49 1.59 -19 0.81

rv3.4 38 1.48 -7 0.79 2007 48 1.43 -18 0.84

rv3.6 45 1.42 -16 0.68 2008 47 1.46 -25 0.74

rv3.8 35 1.51 -18 0.85 2009 43 1.62 -27 0.80

rv4.0 35 1.45 -14 0.85 2010 35 1.45 -25 0.81

rv4.4 29 1.48 -21 0.84 2011 29 1.48 -21 0.84

Table E:7: As Table E:1, but for NO –
3 [µg(N) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 1990 16 0.60 47 0.75

rv1.7 11 0.58 61 0.88 1995

rv1.7 15 0.60 54 0.77 1996

rv1.7 18 0.58 47 0.71 1997

rv1.7 17 0.52 56 0.83 1998

rv1.7 18 0.52 45 0.73 1999

rv1.7 19 0.43 76 0.65 2000 27 0.41 31 0.78

rv1.8 2001 26 0.38 22 0.93

rv2.0 23 0.36 33 0.76 2002 26 0.38 28 0.88

rv2.3 33 0.34 32 0.75 2003 37 0.40 25 0.78

rv2.6 23 0.31 39 0.80 2004 25 0.32 35 0.81

rv2.7 25 0.44 37 0.80 2005 31 0.41 28 0.83

rv3.1 26 0.48 -2 0.78 2006 32 0.48 12 0.71

rv3.4 25 0.41 -28 0.72 2007 29 0.38 31 0.84

rv3.6 30 0.34 8 0.68 2008 32 0.33 34 0.72

rv3.8 24 0.45 -27 0.85 2009 23 0.42 -5 0.89

rv4.0 20 0.40 -8 0.86 2010 20 0.40 -5 0.87

rv4.4 18 0.59 3 0.91 2011 18 0.59 3 0.91

Notes: In the Supplementary material to EMEP Report 1/2012, the NO –
3 concentra-

tion was reported as µg m−3 , here we use µg(N) m−3 for all years.
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Table E:8: As Table E:1, but for HNO3 [µg(N) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 1990 3 0.46 -28 0.57

rv1.7 2000 16 0.13 8 0.60

rv1.8 2001 15 0.09 31 0.73

rv2.0 13 0.11 16 0.70 2002 15 0.09 26 0.72

rv2.3 14 0.13 -13 0.51 2003 16 0.13 13 0.62

rv2.6 14 0.15 -25 0.38 2004 14 0.14 -14 0.57

rv2.7 17 0.19 -28 0.27 2005 19 0.17 -17 0.46

rv3.1 15 0.19 -26 -0.01 2006 20 0.16 -7 0.38

rv3.4 13 0.17 -29 0.49 2007 17 0.14 -8 0.65

rv3.6 21 0.18 -38 0.47 2008 21 0.18 -25 0.56

rv3.8 14 0.16 -35 0.48 2009 14 0.16 -26 0.51

rv4.0 12 0.10 -16 0.46 2010 12 0.10 -16 0.47

rv4.4 12 0.14 -24 0.43 2011 12 0.14 -24 0.43

Table E:9: As Table E:1, but for total nitrate, TNO3 = HNO3 + NO –
3 [µg(N) m−3]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 24 0.51 15 0.93 1990 29 0.50 11 0.89

rv1.7 35 0.44 42 0.92 1995

rv1.7 32 0.50 31 0.82 1996

rv1.7 35 0.46 34 0.77 1997

rv1.7 33 0.42 39 0.85 1998

rv1.7 43 0.47 33 0.79 1999

rv1.7 42 0.42 52 0.82 2000 53 0.43 38 0.80

rv1.8 2001 47 0.44 33 0.83

rv2.0 41 0.48 23 0.90 2002 47 0.47 28 0.86

rv2.3 35 0.48 22 0.88 2003 47 0.56 19 0.90

rv2.6 43 0.47 23 0.87 2004 46 0.48 23 0.86

rv2.7 41 0.55 19 0.88 2005 47 0.56 16 0.90

rv3.1 41 0.68 -16 0.80 2006 49 0.63 7 0.88

rv3.4 42 0.57 -33 0.86 2007 48 0.53 13 0.88

rv3.6 47 0.49 -11 0.81 2008 49 0.50 7 0.86

rv3.8 45 0.61 -31 0.64 2009 49 0.64 -17 0.69

rv4.0 42 0.46 2 0.83 2010 42 0.46 5 0.84

rv4.4 33 0.58 5 0.79 2011 33 0.58 5 0.79
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Table E:10: As Table E:1, but for wet-deposition of SO 2 –
4 [µg(S) m−2]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 23 17900 12 0.63 1980

rv1.7 35 24877 32 0.57 1985

rv1.7 38 23306 13 0.38 1990 83 51204 59 0.60

rv1.7 50 28275 -1 0.44 1995

rv1.7 48 23969 6 0.71 1996

rv1.7 50 23089 -15 0.29 1997

rv1.7 58 23870 -4 0.82 1998

rv1.7 44 18659 -5 0.73 1999

rv1.7 45 18769 -6 0.62 2000 68 25971 11 0.66

rv1.8 2001 66 26187 3 0.65

rv2.0 60 21935 -4 0.65 2002 67 24012 5 0.68

rv2.3 53 15274 2 0.61 2003 65 18241 10 0.62

rv2.6 40 13309 -4 0.62 2004 57 18789 4 0.68

rv2.7 53 15552 -8 0.71 2005 56 16126 2 0.53

rv3.1 54 14490 -11 0.64 2006 58 15068 13 0.53

rv3.4 49 13873 -18 0.59 2007 59 16284 9 0.53

rv3.6 63 17673 -20 0.69 2008 62 16945 -4 0.72

rv3.8 61 14375 4 0.67 2009 62 14403 0 0.69

rv4.0 57 12677 -3 0.63 2010 57 12677 -11 0.65

rv4.4 50 11509 -26 0.53 2011 50 11509 -26 0.53

Table E:11: As Table E:1, but for SO 2 –
4 concentrations in precipitation, [µg(S) l−1]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 23 0.98 21 0.85 1980

rv1.7 35 1.00 37 0.64 1985

rv1.7 38 0.77 27 0.55 1990 83 0.97 29 0.55

rv1.7 50 0.73 3 0.25 1995

rv1.7 48 0.63 22 0.78 1996

rv1.7 50 0.52 3 0.64 1997

rv1.7 58 0.44 7 0.85 1998

rv1.7 44 0.47 7 0.77 1999

rv1.7 45 0.45 6 0.86 2000 68 0.54 0 0.77

rv1.8 2001 66 0.58 -12 0.54

rv2.0 60 0.50 -12 0.73 2002 67 0.52 9 0.82

rv2.3 53 0.43 3 0.74 2003 65 0.49 1 0.78

rv2.6 40 0.49 -9 0.65 2004 57 0.49 -3 0.75

rv2.7 53 0.45 -12 0.61 2005 56 0.45 -6 0.66

rv3.1 54 0.40 -10 0.74 2006 58 0.38 0 0.78

rv3.4 49 0.39 -9 0.65 2007 59 0.38 -4 0.72

rv3.6 63 0.33 -19 0.72 2008 62 0.33 -10 0.80

rv3.8 61 0.29 1 0.80 2009 62 0.29 -4 0.80

rv4.0 57 0.28 3 0.75 2010 57 0.28 -6 0.77

rv4.4 50 0.35 27 0.42 2011 50 0.35 -27 0.42



E:8 EMEP REPORT 1/2013

Table E:12: As Table E:1, but for wet-deposition of NH+
4 [µg(N) m−2]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 18 8344 -33 0.76 1980

rv1.7 34 16694 -27 0.82 1985

rv1.7 35 14959 -36 0.51 1990 82 31142 -14 0.70

rv1.7 47 19858 -38 0.72 1995

rv1.7 41 17060 -34 0.72 1996

rv1.7 47 16705 -29 0.71 1997

rv1.7 58 20271 -20 0.72 1998

rv1.7 43 14911 -24 0.80 1999

rv1.7 44 17062 -28 0.53 2000 67 21505 -14 0.69

rv1.8 2001 65 19904 -13 0.58

rv2.0 60 18735 -16 0.74 2002 66 19858 -11 0.72

rv2.3 53 15315 -22 0.73 2003 64 17549 -19 0.72

rv2.6 43 14093 -13 0.61 2004 58 17542 -14 0.72

rv2.7 53 15467 -19 0.74 2005 56 16054 -16 0.70

rv3.1 53 15293 -22 0.78 2006 58 16092 -9 0.78

rv3.4 50 15257 -20 0.74 2007 58 17294 -9 0.60

rv3.6 63 20448 -17 0.67 2008 61 19282 -5 0.67

rv3.8 61 16960 -1 0.64 2009 62 17015 -2 0.63

rv4.0 56 14966 -14 0.68 2010 56 14966 -14 0.68

rv4.4 50 13211 -14 0.18 2011 50 13211 -14 0.18

Table E:13: As Table E:1, but for NH+
4 concentrations in precipitation, [µg(N) l−1]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 18 0.67 -34 0.87 1980

rv1.7 34 0.71 -29 0.77 1985

rv1.7 35 0.54 -31 0.69 1990 82 0.61 -33 0.67

rv1.7 47 0.50 -27 0.62 1995

rv1.7 41 0.51 -23 0.62 1996

rv1.7 47 0.42 -18 0.68 1997

rv1.7 58 0.37 -9 0.78 1998

rv1.7 43 0.39 -14 0.84 1999

rv1.7 44 0.41 -15 0.64 2000 67 0.40 -19 0.68

rv1.8 2001 65 0.38 -16 0.63

rv2.0 60 0.39 -19 0.63 2002 66 0.39 -22 0.66

rv2.3 53 0.42 -18 0.52 2003 64 0.45 -23 0.60

rv2.6 43 0.42 -10 0.64 2004 58 0.41 -16 0.60

rv2.7 53 0.43 -14 0.69 2005 56 0.42 -17 0.66

rv3.1 53 0.40 -17 0.68 2006 58 0.39 -18 0.72

rv3.4 50 0.41 -9 0.68 2007 58 0.41 -24 0.54

rv3.6 63 0.38 -21 0.64 2008 61 0.38 -13 0.67

rv3.8 61 0.34 -3 0.52 2009 62 0.34 -4 0.55

rv4.0 56 0.35 -14 0.49 2010 56 0.35 -14 0.48

rv4.4 50 0.39 -12 0.20 2011 50 0.39 -12 0.20
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Table E:14: As Table E:1, but for wet-deposition of NO –
3 [µg(N) m−2]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 22 6862 -11 0.76 1980

rv1.7 36 13025 -10 0.73 1985

rv1.7 38 11892 -17 0.75 1990 83 24814 17 0.78

rv1.7 49 15456 -24 0.77 1995

rv1.7 46 15424 -27 0.70 1996

rv1.7 49 14088 -26 0.70 1997

rv1.7 58 17537 -25 0.76 1998

rv1.7 43 14683 -30 0.74 1999

rv1.7 43 14193 -29 0.81 2000 67 19671 -7 0.72

rv1.8 2001 65 19477 -10 0.67

rv2.0 60 16908 -32 0.75 2002 66 17933 -4 0.71

rv2.3 53 12771 -28 0.76 2003 64 14853 -4 0.66

rv2.6 42 12647 -29 0.6 2004 58 16821 -11 0.80

rv2.7 53 13546 -32 0.66 2005 56 14100 -7 0.70

rv3.1 54 13236 -38 0.76 2006 59 13930 3 0.69

rv3.4 50 12524 -40 0.67 2007 59 13873 9 0.66

rv3.6 64 15928 -19 0.69 2008 62 15180 5 0.70

rv3.8 62 14693 -14 0.71 2009 63 14689 -3 0.71

rv4.0 57 12232 -11 0.75 2010 57 12232 -13 0.75

rv4.4 51 10596 -58 0.53 2011 51 10596 -14 0.50

Table E:15: As Table E:1, but for NO –
3 concentrations in precipitation, [µg(N) l−1]

Original Results
Year

Updated Results (rv4.4)

Rev. Nstat Obs. Bias(%) Corr. Nstat Obs. Bias(%) Corr.

rv1.7 22 0.43 -11 0.86 1980

rv1.7 36 0.50 -11 0.78 1985

rv1.7 38 0.40 -10 0.84 1990 83 0.43 0 0.82

rv1.7 49 0.38 -12 0.75 1995

rv1.7 46 0.41 -10 0.70 1996

rv1.7 49 0.35 -13 0.76 1997

rv1.7 58 0.33 -15 0.78 1998

rv1.7 43 0.38 -19 0.78 1999

rv1.7 43 0.35 -18 0.86 2000 67 0.38 -16 0.68

rv1.8 2001 65 0.41 -23 0.52

rv2.0 60 0.36 -32 0.69 2002 66 0.36 -17 0.74

rv2.3 53 0.36 -26 0.70 2003 64 0.38 -14 0.65

rv2.6 42 0.41 -30 0.50 2004 58 0.41 -18 0.58

rv2.7 53 0.39 -31 0.55 2005 56 0.38 -14 0.60

rv3.1 54 0.36 -35 0.69 2006 59 0.34 -8 0.75

rv3.4 50 0.33 -29 0.66 2007 59 0.30 -2 0.80

rv3.6 64 0.28 -17 0.79 2008 62 0.28 -1 0.82

rv3.8 62 0.29 -15 0.66 2009 63 0.28 -6 0.66

rv4.0 57 0.27 -9 0.74 2010 57 0.27 -11 0.76

rv4.4 51 0.34 -23 0.36 2011 51 0.34 -23 0.36
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APPENDIX F

Model Evaluation

The EMEP MSC-W model is regularly evaluated against various kinds of measurements,

including ground-based, airborne and satellite measurements. As the main application of the

EMEP MSC-W model within the LRTAP Convention is to assess the status of air quality

on regional scales and to quantify long-range transboundary air pollution, the focus of the

evaluation performed for the EMEP status reports is on the EMEP measurement sites.

Since 2009, only parts of this evaluation are included in the printed version of the EMEP

status report (see, e.g. plots of normalized differences in Chapter 2). A comprehensive collec-

tion of maps, graphs and statistical analyses, including a more detailed discussion of model

performance, are freely available as supplementary material from the MSC-W report page on

the EMEP website http://emep.int/mscw/mscw_publications.html

This year, the evaluation report is found under the link ’Supplementary material to EMEP

Status Report 1/2013’. It contains a comprehensive evaluation of the EMEP MSC-W model

for air concentrations and depositions in 2011. The report is divided into two chapters, dealing

with pollutants responsible for eutrophication and acidification (Nyı́ri et al. 2013) and ground

level ozone (Gauss and Hjellbrekke 2013), respectively.

The agreement between model and measurements in 2011 is visualized as:

• scatter plots for the EMEP MSC-W model domain

• time series for each EMEP station

• horizontal maps combining model results and EMEP measurement data through kriging

(also showing normalized differences)

Tables summarize common statistical measures of model score, such as bias, root mean

square error, temporal and spatial correlations and the index of agreement (see Chapter 1).

This type of model evaluation is performed on an annual basis and can be downloaded

from the same web page also for previous years.

F:1

http://emep.int/mscw/mscw_publications.html
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