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Chapter 1

Introduction

1.1 Overview

This summary report for photochemical oxidants covers a number of topics related to the
Lagrangian and Eulerian photo-oxidant models and their evaluation. We present in this report
an overview of the last year’s activities, giving main results and referring where possible to more
detailed EMEP Notes or other publications. The main chapters cover emissions, modelling
applications, especially for year 2010 scenarios, source-receptor calculations, and evaluation
for VOC species. For the first time example source-receptor calculations from the Eulerian
model are presented, for six countries. Appendix A of this report presents a country-by-country
summary of emission reporting, number of measurement stations (ozone and VOCs), and results
of the country-to-country modelling. Appendix B tabulates the stations reporting ozone or VOC
measurements to EMEP for 1997, and Appendix C presents comparison plots of modelled versus
observed hydrocarbon species (see chapter 7).

During 1998-1999 the oxidant models have been used widely in a number of projects, in-
cluding the INFOS research project (Friedrich and Reis, 1999) to be discussed in this report.
The Lagrangian model has been used to support work performed for the EU’s acidification and
ozone strategy, and for the continued negotiations for the 2nd NO, Protocol, especially in order
to verify and provide more detail concerning emissions strategies worked out with the TTASA
RAINS-ozone model (Amann et al., 1999).

While these ‘application’ activities have been ongoing, development work has focussed on
improvements to the Eulerian oxidant model. The emission routines have been improved to
work with sector-split and time-resolved emissions (Chapter 2). A strong linkage has been
developed between the 3-D model and the hemispheric University of Oslo CTM, enabling the
evaluation of both European and global emission scenarios (chapter 3). Work has also begun
on improving the deposition module for this work - an activity which will be reported in a
forthcoming EMEP Note.

Evaluation of these models has concentrated on their predictions of NMVOC, including both
carbonyls and hydrocarbons (chapters 6-7). This work has pointed to some problems with the
Eulerian model’s predictions of carbonyls, but as this analysis is preliminary further work is
needed to confirm and understand these results.

A complete description of the EMEP oxidant models, and much of the data
presented in this report, including the new source-receptor calculations, can be
obtained as ascii files from the EMEP web-site, http://www.emep.int
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1.2 Other publications

This photo-oxidant summary report accompanies EMEP Report 1/99 (Tarrasén and Schaug, 1999),
which deals with the activities of MSC-W and CCC on acidification. A number of other reports
and papers have become available in 1998/1999 of relevance to the EMEP oxidant work:

o Andersson-Skold, Y. and Simpson, D., 1999, Comparison of the chemical schemes of the EMEP
MSC-W and the IVL photochemical trajectory models, Atmos. Fnuviron., 33, 1111-1129.

o Friedrich, R., Reis, S., Voehringer, F., Simpson, D., Moussiopoulos, N., Salmons, R., and Pa-
pameletiou, D., 1999, Efficient ozone abatement strategies in Europe, In Borrel, P. M. and Borrel,

P.,editors, Transport and Chemical 'Iransformation of Pollutants in the I'roposphere, Proceedings
EUROTRAC symposium "98. WIT press, Southampton and Boston 1999.

e Moussiopoulos, N., Sahm, P.,Tourlou, P.M., Friedrich, R., Simpson, D. , and Lutz, M.,1999,

Assessing ozone abatement strategies in terms of their effectiveness on the regional and urban
scales, &8th International Symposium Transport and Air Pollution, Graz, Austria. Peer-reviewed
proceedings.

e Reis, S., Simpson, D., Friedrich, R., Jonson, J.E., Unger, S., and Obermeier, A.;1999, Road traffic
emissions - predictions of future contributions to regional ozone levels in Furope, 8th International
Symposium Transport and Air Pollution, Graz, Austria. Peer-reviewed proceedings.

e Simpson, D., Winiwarter, W., Borjesson, G., Cinderby, S., Ferreiro, A., Guenther, A.,Hewitt, C.
N., Janson, R., Khalil, M. A. K., Owen, S., Pierce, T. E.,Puxbaum, H., Shearer, M., Skiba, U.,
Steinbrecher, R., Tarrasén, L.,and Oquist, M. G., 1999, Inventorying emissions from nature in
Furope, J. Geophys. Res., 104, No. D7, 8113-8152.

e Simpson, D., 1999, The scientific basis of NO, Protocols and the EU ozone strategy, In Borrel,
P. M. and Borrel, P.,editors, Transport and Chemical Transformation of Pollutants in the Tro-
posphere, Proceedings EUROTRAC symposium 98, pages 214-220. WIT press, Southampton
and Boston 1999.

o Winiwarter, W., Haberl, H., and Simpson, D., 1999, On the boundary between man-made and
natural emissions: Problems in defining Furopean ecosystems, J. Geophys. Res., 104, No. D7,
8153-8159.

1.3 Definitions, statistics used

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 pgm=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 the 6-monthly mean of these values, over the 6-month period 1
April - 30 September.

AOT40 - the accumulated amount of ozone over the threshold value of 40 ppb, i.e..
AOT40 = [ maxz (O3 —40pph,0.0) dt where the maz function ensures that only ozone val-
ues exceeding 40 ppb are included. The integral is taken over time, namely — the growing
season as defined at the Bern and Kuopio critical level workshops (Fuhrer and Achermann, 1994,
Karenlampi and Skarby, 1996). For crops and natural vegetation AOT40 is taken over 3
months (May-July), which we denote AOT40.. For forests a six month period is used
(April-September), denoted AOT40;. In both cases only daylight hours are included.

AQOT60 - the accumulated amount of ozone over the threshold value of 60 ppb, i.e.
AOT60 = [ maz (O3 — 60ppb, 0.0) dt - in this case, the integral is taken over 6 months,
and only daytime ozone included.

As the Lagrangian model does not work with hourly averages, but rather gives values of cal-
culated ozone at 0, 6, 12 and 18 GMT each day, some approximations are necessary to compare
with true 1-hour and AOT-type guidelines. We generally assume that each output value of the
model corresponds to an hourly value. The daytime-average required for AOT values is simply
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obtained from the 12 and 18 GMT values, assuming each value is representative of a 6-hour
average. This procedure introduces only moderate errors for AOT40 (see Malik et al., 1996),
but is obviously less accurate for AOTG60.

The AOT40 levels reflect interest in long-term ozone exposure which is considered impor-
tant for vegetation - critical levels of 3 000 ppb.h have been suggested for crops and natural
vegetation, and 10 000 ppb.h for forests (Karenlampi and Skarby, 1996).

The AOT60 measure reflects the revised WHO guidelines which sets 120 pgm=3(60 ppb)
as an 8-hour moving average. The UN-ECE workshop on ‘health effects of ozone and nitro-
gen oxides in an integrated assessment of air pollution’ (UN-ECE, 1997) agreed that a simple
statistic such as AOT60 could be used as a preliminary indication of ozone levels above the
recommended WHO guideline for integrated assessment modelling purposes. The justification
for this is that AOT60 is a statistic which incorporates both the amount of ozone above 60 ppb
and the frequency of exceedance, both of which are known to be important. However, it is clear
that this statistic cannot be directly coupled to health impact assessments. (In any case, the
EMEP models are not designed for calculating ozone exposure inside urban areas, which would
be required for any meaningful health-risk assessment.)

It should be noted though that AOT values are very sensitive to systematic biases in both
modelled and observed data (especially when ozone concentrations lie just below or above the
threshold limits). Simpson et al. (1998) showed that a 10% uncertainty in measured hourly
ozone can lead to differences of typically 100% and 200% (for one site 1000%) in AOT40 and
AQT60 respectively. Problems are greatest for those areas where ambient ozone levels lie often
below, but close to the thresholds, so that even small uncertainties in ozone concentration may
lead to this threshold being crossed or not.

1.4 Country codes

Many tables and plots in this report make use of two-letter country codes. These codes are:

AL Albania LT Lithuania

AT  Austria LU Luxembourg

BY  Belarus NL  Netherlands

BE  Belgium NO Norway

BA  Bosnia and Herzegovina PL. Poland

BG  Bulgaria PT  Portugal

HR  Croatia MD  Republic of Moldova
C7  Czech Republic RO  Romania

DK Denmark RU  Russian Federation
EE  Estonia SK  Slovakia

FI  Finland Sl Slovenia

FR  France ES  Spain

DE  Germany SE  Sweden

GR  Greece CH  Switzerland

HU  Hungary MK The FYR Macedonia
1S [celand TR Turkey

IE  Ireland UA  Ukraine

I'T  Italy GB  United Kingdom

LV  Latvia YU  Yugoslavia

1.5 References

Amann, M., Bertok, 1., Cofala, J., Gyarfas, F., Heyes, C., Klimont, 7., Makowski, M., Schépp,
W., and Syri, S., 1999, Cost-effective control of acidification and ground level ozone, Techni-
cal Report 7th Interim Report to DGXI, International Institute for Applied Systems Analysis
(ITASA), Laxenburg, Austria.
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Friedrich, R. and Reis, S., 1999, (eds.) Tropospheric Ozone Abatement in Europe. Developing
Efficient Strategies for the Reduction of Ozone Precursor Emissions., Final Report of INFOS
Project to DGXII, TER, University of Stuttgart, Germany.

Fuhrer, J. and Achermann, B., editors, UN-ECE Workshop on critical levels for ozone, 1-/
November 1993, Bern. Swiss Federal Research Station for Agricultural Chemistry, 1994.

Karenlampi, L. and Skarby, L., editors, Critical Levels for Ozone in Europe: Testing and
Finalising the Concepts. University of Kuopio, Department of Ecology and Environmental
Science, 1996, 15-17 April 1996, Kuopio, Finland.

Malik, S., Simpson, D., Hjellbrekke, A.-G., and ApSimon, H., 1996, Photochemical model
calculations over Europe for summer 1990. Model results and comparison with observations,
Norwegian Meteorological Institute, Oslo, Norway, EMEP MSC-W Report 2/96.

Simpson, D., Altenstedt, J., and Hjellbrekke, A.G., 1998, The Lagrangian oxidant model:
status and multi-annual evaluation, ITn EMEP MSC-W Report 2/98, Part T Transboundary
photooxidant air pollution in Europe. Calculations of tropospheric ozone and comparison
with observations. Norwegian Meteorological Institute, Oslo, Norway.

Tarrasén, L. and Schaug, J., 1999, (eds.) Transboundary acid deposition in Europe, EMEP
Report 1/99, The Norwegian Meteorological Institute, Oslo, Norway.

UN-ECE, 1997, Health Effects of Ozone and Nitrogen Oxides in an Integrated Assessment
of Air Pollution, Proceedings of an International workshop, 10-12 June 1996, Eastbourne,
United Kingdom.



Chapter 2

Emissions for modelling purposes

J.E. Jonson, D. Simpson, S. Mylona, and S. Reis

2.1 Introduction

Over the last year model calculations have been performed with EMEP photo-oxidant models for
a variety of projects, including work under the UN-ECE Task Force on Integrated Assessment
Modelling, the European Commission’s strategy to combat ozone, and for the DGXII research
project INFOS (see chapter 4). During this work a number of different emission scenarios for
the year 2010 have been investigated. We briefly describe here the current status of reporting
for the main photo-oxidant precursors under EMEP, followed by a brief description of some of
the 2010 scenarios which have been used in model calculations during 1998-1999.

It should be noted that the data for 2010 includes national totals (although sector split for
INFOS) only. Gridded data for the year 2010 are obtained by scaling the gridded emissions
established for 1996 by the fractional change in the country total emissions between 1996 and
2010 levels.

2.2 Status of EMEP emission inventories.

A prerequisite for reliable model predictions is an accurate estimate of the emissions of precursor
species. Within EMEP the individual countries are required to report their emissions as national
and sector totals every year. The sectors in this case are defined by the joint EMEP/CORINAIR
SNAP ! sectors. Gridded emissions in the EMEP 50 km grid should be reported every five
years. Furthermore, a distinction between high and low emissions and information about large
point sources should be available. There have been significant improvements in the quantity
and quality of emissions available to the EMEP models over the last 5 years, but still not all
information is reported from all countries and for all the required years.

Mylona (1999) presents the national and regional total emissions used as input to the models,
along with detailed information about the reported emissions. For each country and each
component, this includes the number of years with total emissions reported, the number of
years with sources split into the 11 SNAP categories, reporting of low and high emissions and
large point sources, and also if and when the reported emissions emissions were last gridded to
the EMEP 50 km grid.

An extract of this information is given in Table 2.1, and information for each country is
presented in Appendix A. It is evident from this table that some data are available for most
countries for at least one year. However, there is an unfortunate lack of coverage in the reporting
for a number of countries, especially with regard to consistent time-series and gridded data at
the SNAP-1 level (only 4 countries). When emission totals are missing for individual years,
interpolations from other years are made. If this is not possible, information from other open
sources are used, as described in Mylona (1999). Gridded data for SNAP sectors have usually
been derived from CORINAIR if no official UN-ECE data were available, otherwise from the

!Selected Nomenclature for Air Pollution
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data for gridded totals. This lack of data coverage will inevitably result in uncertainties in the
calculations, in particular in and around countries where information is scanty.

Table 2.1: Summary of official reporting under EMEP.

Number of countries reporting:
National totals Source split (SNAP-1)? Gridded emissionsP®
All years® At least one year | All years® At least one year
NO, 18 40 2 37 30(5)9
NMVOC 10 36 3 34 22(2)4
CO 9 37 2 35 21(1)4

2i.e. 11 SNAP-1 emissions sectors
Pfor at least one year, gridding of total emissions.

€1980-1997.

dnumber in brackets: gridded emissions only in the 150 km grid.

2.3 Updated emission routines in 3-D model

The emission subroutines for the 3-D model have been improved in two major respects during

1998/1999:

Sector-split input The 3-D model now makes full use of the 11-sector SNAP data available
in the EMEP emissions inventory. Thus, for each of the EMEP 50x50km?grid squares,
emissions for all pollutants are now specified by sector, rather than as totals as in previous
work. This improvement now makes the emissions input and handling almost identical
between the Lagrangian and Eulerian models, and allows for the type of emission scenario
calculations to be presented in chapter 4.

Monthly and Daily Variations The 3-D model now makes use of a set of monthly and daily
variation factors to give a more realistic time-series of emissions input. These factors are
applied for each country and SNAP sector, and were derived from a recent calculation of
1994 emissions under the GENEMIS project (U. Schwarz, IER Stuttgart, pers.comm.).
The Lagrangian model uses a similar variation, but from a slightly earlier GENEMIS
calculation of 1990 emission rates (Friedrich, 1993).

2.4 Emission scenarios for 2010.

2.4.1 TUN-ECE emissions

Table 2.2 presents the year 2010 ’EMEP’ scenario used in the modelling. This is based as far
as possible on officially reported projections from the individual countries to UN-ECE for 2010.
(This scenario is based on a slightly earlier revision of the incoming reported emissions than
that given in Mylona, 1999). Where projections for 2010 were not available, projections from
the year 2005 or 2000 were used. If none of these were available, the ITASA reference scenario
for 2010 was used (see below). For CO, projections were available for a limited number of
countries. For all other countries, emissions of CO were set to 3.5 times the NO, emissions. No

changes are assumed for emissions from international shipping from the 1997 values.

2.4.2 ITIASA scenarios

The International Institute for Applied Systems Analysis (ITASA) has generated a large number
of emissions scenarios as part of its integrated assessment modelling activities for UN-ECE and
the EU (Amann et al., 1999).

The TTASA Base1990 scenario is similar to the EMEP emissions inventory for 1990, with the
main exceptions occurring for some eastern European countries. The ITASA ”reference” (REF)
scenario for the year 2010 aims at a best-estimate of the year 2010 emissions, considering current
and planned legislation, activity statistics, and expected trends within each emissions sector.
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Estimates are available for SO2, NO,, NH3 and VOC, and, as noted above, these emissions are
also used by EMEP in cases where no official data are available.

The so-called ITASA Gb5/2 scenario is investigated in chapter 3. This scenario allows for
more stringent control options than in the reference scenario and has been selected by the UN-
ECE Working Group on Strategies for consideration in the negotiations for the second NO,
Protocol G5/2 represents a ‘medium ambition level’ scenario. Table 2.3 gives the emissions
used in the modelling of this scenario, which are based upon ITASA estimates for SO5, NO,,
NHj3 and VOC. For CO, no ITASA information was available, and UN-ECE emissions are used
when available, otherwise CO emissions are set to 3.5 times the NO, emissions.

2.4.3 INFOS 2010 Trend Scenario

Emissions projections under the DGXII Project INFOS (Assessment of Policy Instruments for
Efficient Ozone Abatement Strategies in Europe) have been described in detail in Friedrich
and Reis (1999). The INFOS Base-1990 scenario was based upon CORINAIR-90, because of
the availability of the activity data (traffic statistics,etc.) underlying this data-base. A year
2010 ”Trend” scenario was built starting from the CORINAIR-1990 inventory and using a de-
tailed examination of the activity statistics, currently applied and agreed measures, technology
options, and expected trends within each emissions sector, similar in principal to the TTASA
reference scenario. Only NO, and NMVOC were considered, the remaining emissions for SOs,
NHjs and CO being taken from the EMEP inventory for 2010. This work has been presented
in more detail in Friedrich and Reis (1999), with some of the the work on vehicle emissions
published in Reis et al. (1999). For non-EU countries, emissions have been taken from EMEP
data. Table 2.4 presents the projected emissions of NO, and NMVOC for the INFOS 2010
Trend scenario.

2.4.4 Comparison of 2010 estimates

Figure 2.1 illustrates the different estimates of year 2010 emissions arising from EMEP, ITASA
(reference) and INFOS Trend scenarios, and compared to the current 1995 EMEP estimates.
It is clear that in many cases the different 2010 estimates are similar, and usually substantially
below 1995 levels. The biggest discrepancies occur between INFOS and EMEP/ITASA for
Germany and Sweden, and between ITASA and EMEP/INFOS for Austria, and France. The
high German emissions from INFOS is probably related to the use of the somewhat-outdated
CORINATR-90 inventory as a starting point. However, for Germany we can note that the data
officially reported to EMEP gives 2130kt for 2005, which is close to the INFOS estimate, but
just 1263 kt in 2010 (Mylona, 1999). Some differences in projections are expected and may
well reflect differences in assumed future developments of energy and traffic demand, or of the
degree of implementation of measures such as improved catalysts for vehicles. However, the
differences in some cases are probably due to inconsistencies or outdated reporting. As these
differences can be large compared to the effects of emissions control being considered, further
detailed comparison of such projections and their assumptions seems warranted.

2.5 References

Amann, M., Bertok, 1., Cofala, J., Gyarfas, F., Heyes, C., Klimont, Z., Makowski, M., Schopp,
W., and Syri, S.,; 1999, Cost-effective control of acidification and ground level ozone, Techni-
cal Report 7th Interim Report to DGXI, International Institute for Applied Systems Analysis
(ITASA), Laxenburg, Austria.

Friedrich, R. and Reis, S., 1999, (eds.) Tropospheric Ozone Abatement in Europe. Developing
Efficient Strategies for the Reduction of Ozone Precursor Emissions., Final Report of INFOS
Project to DGXII, TER, University of Stuttgart, Germany.

Friedrich, R., 1993, Generation of time-dependent emission data, In P. Borrel et al., editor,
Transport and Transformation of Pollutants in the Troposphere, Proceedings EUROTRAC
sympostum 1992, pages 255—268. SPB Acad. Publish. bv., the Hague, Netherlands.
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Mylona, S., 1999, EMEP emission data: Status report 1999, EMEP/MSC-W Note 1/99, The
Norwegian Meteorological Institute, Oslo, Norway.

Reis, S., Simpson, D.; Friedrich, R., Jonson, J.E., Unger, S., and Obermeier, A.; 1999, Road
traffic emissions - predictions of future contributions to regional ozone levels in Europe, 8th
International Symposium Transport and Air Pollution, Graz, Technical University of Graz,
Austria.

Table 2.2: Anthropogenic emissions (kt), EMEP 2010 scenario

Country SO, NO, NMVOC NHs; CO
Albania 55 36 41 35
Austria 60 154 264 67
Belarus 480 180 308 163 1404
Belgium 215 191 193 96 981
Bulgaria 1127 290 162 126 750
Bosnia H. 415 60 48 23
Croatia 117 83 100 33 660
Czech Rep. 376 351 306 108
Denmark 90 192 135 103 562
Estonia 59 73 49 29
Finland 116 224 110 23
France 737 858 1223 77
Germany 1237 1263 1137 306 5400
Greece 570 344 267 74
Hungary 653 196 142 150 800
Iceland 30 30 6 3 19
Ireland 155 105 135 126 322
Ttaly 842 1436 1413 449 4213
Latvia 157 81 204 35 330
Lithuania 145 110 84 84 400
Luxembourg 4 19 12 6 102
Netherlands 98 327 244 136
Norway 34 158 195 21
Poland 1397 879 920 541
Portugal 294 176 144 67
Rep. of Moldova 130 34 68 48 150
Romania 594 458 504 304
Russia 4297 1797 2787 894
Slovakia 210 132 140 47
Slovenia 37 31 25 27 31
Spain 2143 892 669 353
Sweden 67 200 288 48 450
Switzerland 27 113 135 68 370
The FYR Macedonia 106 29 19 16
Turkey 354 1670 1670 415 5845
Ukraine 2310 1094 1369 649 8141
United Kingdom 980 1161 1344 297 1378
Yugoslavia 1136 147 147 82 515
Baltic 72 80 0 0
North Sea 439 639 0 0
Atlantic 931 1296 0 0
Mediterranean 12 13 0 0
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Table 2.3: Anthropogenic Emissions (kt), IIASA G5/2 scenario®

Country SO NO; NMVOC NH; CO
Albania 55 36 41 32
Austria 42 85 151 65
Belarus 494 290 298 140 1404
Belgium 78 127 102 57 981
Bulgaria 355 261 189 108 750
Bosnia H. 313 51 48 22
Croatia 31 65 99 27 660
Czech Rep. 279 175 222 101
Denmark 48 118 86 69 562
Estonia 175 73 49 29
Finland 116 159 111 31
France 257 699 1036 649
Germany 488 1040 891 412 5400
Greece 562 344 262 73
Hungary 296 118 153 73 800
Iceland 23 19 6 3 19
Treland 37 58 55 116 322
Ttaly 316 846 1082 356 4213
Latvia 104 118 56 35 330
Lithuania 107 134 105 72 400
Luxembourg 4 9 7 7 102
Netherlands 53 215 161 106
Norway 22 148 195 21
Poland 736 646 513 474
Portugal 146 148 102 65
Rep. of Moldova 38 66 42 46 150
Romania 205 306 499 227
Russia 2197 2762 2706  893.70
Slovakia 95 101 139 34
Slovenia 58 32 40 15 31
Spain 760 736 648 353
Sweden 67 155 254 48 450
Switzerland 36 81 145 63 370
The FYR Macedonia 81 29 19 15
Turkey 354 415 1670 5845 5845
Ukraine 1377 1206 799 589 8141
United Kingdom 556 1163 1124 264 1378
Yugoslavia 242 134 139 67 515
Baltic 72 80 0 0
North Sea 439 639 0 0
Atlantic 641 911 0 0
Mediterranean 12 13 0 0
Black Sea 0 0 0 0

Notes: (a) Iceland and Turkey from EMEP data, CO for all
countries from EMEP.
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Figure 2.1: Comparison of EMEP, INFOS Trend and ITASA REF estimates of year 2010 NO, emissions,
and against current 1995 estimates.

Country NO, NMVOC
Austria 169 299
Belgium 199 194
Denmark 158 88
Finland 268 118
France 1055 1469
Germany 1941 1582
Table 2.4: Anthropogenic emissions Greece 523 289
(kt) for 2010; INFOS estimates Treland 137 133
Ttaly 1356 1671
Luxembourg 16 11
Netherlands 410 330
Portugal 219 156 b
Spain 1077 882
Sweden 320 324

United Kingdom 1689 1615




Chapter 3

Model calculations for the year
2010

J.E. Jonson, D. Simpson, S. Reis, J.K Sundet and L. Tarrasén

3.1 Introduction

This chapter presents the results of a number of studies which consider ozone levels over Europe
for the year 2010. The first study, on coupled hemispheric-European scale modelling with the
University of Oslo CTM model and the EMEP 3-D model (section 3.2) is covered in detail in
Jonson et al. (1999), so only briefly discussed here. This study has now been extended for the
EMEP 3-D model to evaluate the ITASA G5/2 scenario, of interest to current negotiations under
the 2nd NO, Protocol (section 3.3). Section 3.4 complements this analysis with results from
the Lagrangian model, considering how results change with different meteorologies. Finally,
section 3.5 compares the results from application of both MSC-W oxidant models to the INFOS
2010 Trend scenario.

3.2 Coupled hemispheric-European scale modelling: sum-
mary.

In Jonson et al. (1999) calculations of present and future levels of ozone and the exceedances
of ozone threshold values are presented. Two models are used: the Oslo CTM2 is a Eulerian
global model with a rather coarse horizontal resolution (approx. 5.6 degrees), and the EMEP
Eulerian photochemistry model on the EMEP 50 km grid. Additional information about the
models, emissions and model results are provided in Jonson et al. (1999).

For both models, emissions of ozone precursors in Europe for 1996 and 2010 are based on the
emission inventory from UN-ECE presented in chapter 2. For the global model the estimated
reductions in north America from 1996 to 2010 are 9 % for NO,, 20 % for VOC (volatile organic
compounds) and 10 % for CO. For the rest of the world the TPCC scenario WP92a (TPCC, 1992)
is used. In particular in central and south-eastern parts of Asia large increases of emissions are
expected. In Jonson et al. (1999) we show that substantial changes in the composition of the
global atmosphere can be expected as a result of this anthropogenic influence. In particular in
east and central parts of Asia. In the free troposphere ozone levels are expected to increase on a
global scale, and in particular at northern mid latitudes. Over Europe an increase of the order
of 10 to 20 ppbv can be expected in summer. In Jonson et al. (1999) we show that the increase
of tropospheric ozone on a hemispheric scale affects ozone in the boundary layer in Europe.
Even so, we expect that in Europe ozone threshold values will be exceeded much less frequently
in the future as a result of the expected reductions in the emissions of ozone precursors here.



12 EMEP MSC-W SUMMARY REPORT 2/99

3.3 3-D model calculations for 2010 with the G5/2 emis-
sion scenario

In Chapter 2 the ITASA G5/2 emission scenario for 2010 is described. With this scenario
much stronger reductions in the emissions of ozone precursors from 1996 to 2010 than in
Jonson et al. (1999) are assumed. The Eulerian oxidant model has been used to calculate
the effects of these emission reductions. In Figure 3.1 calculated AOT40 (top) and AOT60
(middle) values for 1996 (left) and 2010 (right) are compared (AOT40 and AOT60 are accumu-
lated over the six summer months April - September). In particular for AOT60 the calculated
values are substantially lower in 2010 in large parts of Europe. In Table 3.1 mean ozone for
July, AOT40 and AOT60 and the percentage of the area with AQT40 levels exceeding 10 000
ppb hours averaged over country and region are given. Referring to Table 3.1, a decrease in
July-mean ozone from 1996 to 2010 is expected in the regions of S. Europe (with the exception
of Spain, with a slight increase), W.C. Europe and E.C. Europe. This decrease is accompanied
by significant reductions in calculated AOT40 levels, and substantial reductions in AOT60 lev-
els in the same regions, showing that high ozone events are much less frequent in a low emission
environment. In W. Europe, a region with high NO, levels, mean ozone levels increase. Even
80, high ozone events are less frequent, reflected in a decrease in the calculated AOT60 levels
here. In Jonson et al. (1999) it is argued that the increase in mean ozone here is mainly caused
by the decrease in NO, emissions. Also in N. Europe mean ozone levels increase, accompanied
by small changes in AOT40 and a slight decrease in AOT60. In Jonson et al. (1999) it is argued
that in this region the increase in mean ozone is mainly caused by an increase in ozone in the
free troposphere on a hemispheric scale. In the E. Europe region the expected emissions in
2010 are mostly higher than the 1996 emissions. In much of this area calculated AOT40 and
AQT60 levels increase from 1996 to 2010. However, here the 1996 levels are in general lower
than in most other parts of Europe. For most countries the percentage of the land area with
AQT40 levels above 10.000 ppb hours decrease from 1996 to 2010.

As noted above, in the G5/2 emission scenario for 2010 the assumed emissions are lower than
the emissions assumed for 2010 in Jonson et al. (1999). In Figure 3.1, bottom the difference in
AOT40 and AOT60 values in 2010 with the two scenario are depicted. With the G5/2 scenario
further reductions of AOT40 and AOT60 values are calculated for most of Europe.

3.4 Lagrangian model calculations for IIASA scenarios

The TTASA Gb5/2 scenario has also been examined with the Lagrangian model, together with
the TTASA 2010 REF scenario and 1990 Base-case. Model simulations with these emissions
have been carried out with meteorology for April-September 1996 as for the 3-D modelling,
but also for the 5-year period 1989, 90,92,93,94 as used for the integrated assessment modelling
(Amann et al., 1999). Figure 3.2 shows these results for AOT40;. Comparing first the Base1990
results, it is evident that the results with 1996 meteorology are low compared to the 5-year
average AOT40;. This result simply reflects that meteorological conditions in 1996 were less
conducive to ozone formation than normal. This pattern continues through the 2010 scenarios,
so that always the 1996-meteorology results are lower than the 5-year average.

As expected, the 2010 REF scenario has substantially lower ozone than the 1990 scenario,
and G5/2 has least ozone. However, even with this stringent scenario, AOT40; levels are found
to lie above 10 000 ppb.h over large parts of Europe, at least in the 5-year average scenario.

Comparing the Lagrangian and Eulerian model predictions (using 1996 meteorology), we
see that the Eulerian model consistently predicts higher AOT40 values than the Lagrangian,
in both the Base-case (Basel990 for the Lagrangian, 1996 for the 3-D model) and the G5/2
scenario. Again, considering the great sensitivity of AOT40 (see section 1.3), such differences
are unavoidable, but this does illustrate the uncertainty inherent in scenario analysis. Both
models do however predict that Italy in particular has AOT40; values in excess of the critical
threshold of 10 000 ppb.h for the 1996 simulations.



