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Summary

Tropospheric Ozone Research (TOR-2) is one of the projects in the second
EUROTRAC framework. The overall aim of TOR-2 is to quantify crucial proc
esses in the atmosphere in order to improve the scienüfic background for the de
velopment of effect-based control strategies for photochemical oxidants over
Europe. The work is organised in three task groups with the following themes: 1)
evaluafion of trends in relafion to emission changes; 2) investigation of the ex
change of ozone between the atmospheric boundary layer and the free troposphere;
and 3) analysis of the temporal and spatial scales of the processes underlying the
seasonal cycles of ozone. The project started in 1998 and will end at the end of
2002.

This status report presents an overview of trends of ozone and precursors. The in
formation is taken from data and results provided by TOR-2 participants, but also
from sources outside TOR-2. The intention of this report is to describe the status of
our Imowledge on trends, to identify gaps and weahesses, and to recommend ac
tivities for the last phase of TOR-2. It is hoped that this status report, which can be
seen as preparatory to the fmal report next year, will help increasing the transfer of
science resuits of the project into the larger EUROTRAC body and that it will
stimulate discussions with the policy community in Europe.

In North-westem Europe and Alpine Europe, long-term measurements of NO and
VOC in urban areas, where traffic is the dominant source of emissions, demon
strate that a substantial reduction of traffic emissions has been achieved. The de
cline of traffic emissions has started already in the mid to late 1 990s and became
gradually apparent during the 1 990s. The reducfions over the last 10-13 years are in
the order 40% for NO and somewhat more for VOCs. In the majorfty of cases the
timing and rate of the decrease is in excellent agreement with the traffic emission
inventory data.
Non-urban data and data from moderately polluted places, which can be regarded
as more representafive of all sources, show in majority substantial decreases and
usually in good agreement with the nafional emission inventory data and the data
from neighbouring countries. National reductions seem somewhat less than the
traffic reducfions, suggesting that the other main source category is trailing corn
pared to traffic. However, there are a few sites where no significant trends are re
ported. The reasons for this seemingly discrepancy are not dear yet.
At remote sites in this part of the continent the trends in precursor emissions are
very small. The meteorological variability and the background are potentially very
important contributors to trends, and much work need to be done to separate the
contribufions.

In Eastem Europe several rural sites report a decrease in NO2 concentrations, a de
crease that usually started near 1991 and coincides with the economical crisis that
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struck Eastem Europe at that time. A similar development is seen in the time series
of hydrocarbons in K-Puszta, Hungaiy. The timing of the changes in the observa
tions seems in good agreement with data from other sources.

In Southem Europe a downward trend of NO is reported from a site in central
Athens over the 90-97 period. It is not lmown (yet) how this corresponds to emis
sion developments in this area. There is a strong need of much more information
on trends in Southem Europe. It is feit that much of this information is somewhere
available but that it is not obvious how to retrieve it.

There is very strong evidence that the annual maximum concentrations and the
98-percentiles of ozone have been reduced over the last ten years. Most of the
sites report downward trends, and ofien at a substantial rate of 1-2% per year. Up
ward trends are not observed at none of the site. A few of the frends are based on
regression methods that remove the meteorological variability from the records,
which strongly suggest that the reduction of emissions is responsible for the
downward tendencies.
The concurrence of the emission reductions with the reduction of maximum ozone
concentrations, which are predominantly determined by European emissions, is a
strong indicafion that there is an effect visible as a result of past ozone policy, at
least qualitatively. Whether the effects are quanfitatively in line wiffi the expecta
tions needs to be seen. It is advocated to perform model sensitivity runs with van
ous model and following a set of prescribed emission reductions to see if the mod
elled responses are in line with the obsened ozone reductions.

There are strong indications that the background concentrafions of ozone have in
creased over the last 10-13 years. At sites in freland and Scotland ozone concentra
tions in wind sectors receiving air masses from the Atlantic and Polar areas show
upward trends. Also in Sweden and Finland positive tendencies of ozone are seen
in the least polluted classes and wind sectors. Elevated sites in the Alps (Jungfrau
joch, Zugspitze) have upward frends, in particularly during the winter. In the winter
period these sites are predominantly affected by the free troposphere, and because
of the increased lifetime of ozone and the reduced intensity of the photochemistry,
advection constitutes an important term in the ozone budget. However, upward
trends are not confirmed by all sites. Downward trends in the Atlantic sector are
seen at Yamer Wood in the United Kingdom. Annual mean ozone concentrations
at 4-5 1cm altitude have stabilised during the 1990s in Uccie, Belgium. Strong
downward frends are observed at Kislovodsk, in the Causussian mountains in Rus
sia. It is not dear yet whether there is conflicting information on the background,
whether background trends may differ for different parts of Europe, or that there
are important local disturbances in the data selected as backgnound. An evaluation
by means of 10-days back trajectories which is foreseen for the last TOR-2 phase
could shed more light on this matter. furthermore, it is recommended to calculate
the effects of emission changes on a worldwide scale by means of 3D global dis-
persion models.
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Rural and non-urban sites in interior Europe report predominantly upward trends
for the mean ozone concentrations, in particular during the winter, but also often in
the sun-imer. In polluted places there is certainly an important contribution from a
reduced titration by NO as a result of decreasing NO levels. There is likely also a
contribution from an increase of the background concentTations for which there is
much evidence that this has occurred. Contribufions from other mechanisms, such
as changes in the chemistry (other than a shifi in the photostationary state) cannot
be excluded either.

High and consistent quality of data over a long period of time is essential in estab
lishing proper and accurate trends. Despite quality checks performed at the insfi
tutes and despite various pan-European intercalibration efforts detailed evaluation
show that part of the data is affected by artefacts, which in a few cases could be
linked to changes in monitors and in calibration. Data from the regular monitoring
networks can be useful for a trend study, but it requires a thorough and extensive
screening. Comparison wiffi data from other data-providers has proven to be very
instrumental in detecting erroneous data. Furthermore, it has become dear that
documentafion of the history of the instruments, and of the calibration and sam
pling procedures is in general poor. The “human data discs” appeared to be an in
dispensable source of information, more than official institute documents.

Growing interest in trends and supported by the continuation of long-term meas
urements have resulted in a promising large number of trend studies, both for
ozone and precursors. The available information for trend assessment is now much
larger than 6 years ago at the end of TOR-1. The on-going acfivities in TOR-2 and
elsewhere suggest that a thorough evaluation ofpast ozone policy is possible in the
next 1-3 years. To be successful, it is necessary to make a stronger link to the
model community and to specifically address regions ($outh and East) from which
more information needs to be retrieved.
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1. Introduction

Our knowledge of the fate of atmospheric consfituents is based on various sources
of information. Process studies in the field and in the laboratory have increased our
insight in the interactions that play a role in chemical transformation, dispersion,
emissions and deposition under specified and sometimes controlled conditions. The
regular monitoring networks provide a European broad picture of the spatial and
temporal variations of ozone and precursors under a wide range of different clima
tological conditions. The collection of statistical data on land-use, population den
sity, emission factors, industrial tumover is essential in determining the emissions
in Europe and specified to sources, geographical areas and temporal variations.
The mainstream of information from these disciplines is taken together and incor
porated into chemical dispersion models that aim primarily at linldng the emissions
to the observations. The increase in our knowledge of dispersion characteristics and
the increase in computer resources have lead to a gradual but steady increase in the
ability of models to resolve smaller scale processes, to address a more comprehen
sive set of chemistry, and to simulate longer time intervals following analysed me
teorological fields. All this together suggests that our ability in terms of tools and
perception has increased to a level that we may expose ourselves to intriguing chal
lenges such as a guantitative evaluation of historical emission changes.
This is not only a scientific challenge, it also bears a relevant link to policy makers:
looking back to evaluate the success (or lack of success) of past policy in order to
leam for future policy. Since the start of the regular network monitoring of ozone
in the mid-seventies Europe has faced various economical developments that were
not the same for the different geographical and polifical entities in Europe. These
developments offer a good opportunity to test our ability in linldng and quantifying
the changes in emissions to the changes in ozone concentrafions.

This is the central ifieme in Task Groupi. In order to answer the main quesfion: “is
there an effect on ozone concentrations visible due to European anthropogenic
emission changes” various complex steps need to be taken. Figure 1 shows the four
basic blocks of information: 1) observations of ozone and other secondary species,
2) observafions of precursor concentrations, 3) emission information, and 4)
chemical dispersion tools.

There are sources of “contamination” that might affect a possible trend in the data
records. The data needs to be examined for being representative for a larger re
gion, and the quality of the data should permit a trend analysis.
Ozone and precursors concentrations are subj ect to variations acting on different
time scales ranging from diumal variations to variations on a synoptical time scale
to an annual variation. Beyond the annual time scale there are variations due to
variations and long-term changes in the atmospheric circulation. The long-term and
short-term meteorological variability should therefore be accounted for in any sort
of ozone and precursor regression. The effect will be a reduction of the margins of
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uncertainty in the trend estimate (removing the short-term variability) and a possi
bie adjustment of the trend by removing the trend component caused by the long-
term variafion in the meteorological conditions.

species (i.e.: NMVOC) have not changed. The main objective of the precursor
comparison is to have an independent check on frends in the emissions. The find
ings in this line will help in the evaluation of ozone trends.

Precursors time series, which have been subjected to data quality checks and for
which regression studies have included meteorological variability, are fit for corn
parison with emission inventoiy time series. It requires that the inventory be corn
piled in consistent fashion over the years, that definifions of source categories,

figure 1 An overview ofobjective, data, toots and issues in retation to trend research
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1f emission trends are confinned by trends in precursor concentrations, the emis
sion frends can be fed into the chemical dispersion models. Objective of this step is
to investigate what the effect of the observed historical emission developments is
on ozone, at least according to our theorefical tools. The pre-final step is then to
piece togeffier the different streams of trend information. On one side is a set of
ozone frends according to the observafions, screened for data qualïty. By taking
into account meteorological variability in the regression the remaining trends is
void from possible long-term and short-term variafions therein. By doing the analy
sis for a set of stations in different parts of Europe, by selecting subsets of data for
background and polluted condifions, by selecting seasons and different segments of
the ozone distribution (averages, high-percentiles) it is possible to distinguish be
tween the European and non-European (background) contributions to a trend. The
non-European trend could be confronted with modelled trends from global models.
The European trend component in the observations should be confronted with
frends based on the European scale models fed by the aforementioned analysed
emission developments. The laffer is the ultimate test of our ability to describe the
processes determining the ozone budget. By using a set of models ranging in com
plexity and characteristics a picture will emerge as to what level of detail is re
quired to properly describe the ozone budget over Europe. It is expected that such
“confrontations” will address the sensitivity in trend description to spatial resolu
tion, to NOX/VOC ratios, to VOC speciation, to chemistiy, to vertical exchange
processes, and other elements.

The final objective will be to assess what we can expect from ozone policy ahead
of us, whether the planned emission reducfion will meet the targets, or that adjust
ments need to be considered.
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2. Workpian in TOR-2 Task Group 1

The approach depicted in the Introducfion is a very ambitious one, which requires
combining resources from a large number of research groups for various years. The
intention in task group 1 is to address all items as described in Figure 1 with the
objective and ambition to:
1. present an ovenriew of what we know on trends with specified degrees of con

fidence,
2. to identify gaps and deficiencies in our Imowledge concerning frends,
3. to offer recommendations for future trend research.

from the start of the project it was dear that it was unlikely to answer the main
question: “is there an effect on ozone concentrations visible due to European an
thropogenic emission changes” within the time frame of TOR-2. However, it was
felt essential to aftempt an ali-encompassing approach in order to see how much
short we are of answering that question.

The main strength of a network of research groups such as in TOR-2 is to obtain
insights in the developments of ozone and precursors over large areas in Europe by
performing joint activities. Furthermore, it is dear that the sources of information
would come not only from the TOR-2 community but from other groups and net
works as well. An inherent weak element is the lack of central funding. Contribu
tions from groups disappear or become less due to funding problems.

In the first place TOR-2 is a data oriented group. The majority of research groups
run one or more sites in their countries. Continuation of measurements and analysis
of data is an essential element in the research. There are also groups (and TOR-2
serving projects) that develop and apply tools for data analysis, as well as groups
with dispersion models and modelling expertise. The role of models in the analysis
(Fig. 1) is recognised as important. The aim is to address the model aspects in the
last phase of TOR-2. The fact that this takes place in the fmal phase of the project
is due mainly to fimding opportunities for the groups involved.

During the evolution of TOR-2 the interpretation activities undertaken in task
group 1 could be categorised in one of the following clusters:
1. data quality aspects
2. methods to account for (meteorological) variability
3. ozone trend analysis
4. precursor trends and the relation with emission trends
5. ozone trends in relation to emission trends and in relation to model results.

The logical order of activifies would be from cluster one to five. In practice how
ever, things work differently. With simple means ozone regression analyses can be
performed, while the awareness concerning cluster 1 and 2 had to develop during
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the project. At the end of the year 2000 most of the PIs were involved in the dus
ters 1-3. Less has been done so far on cluster 4, and cluster 5 has stili to begin.

This overview starts with a short section on data quality aspects emerging from
TOR-2 studies. In the next two chapters an ovewiew of recent studies on ozone
and precursors trends will be presented. The status of our present trend knowledge
will be given, together with suggestion for the years ahead. Annex A lists the data
sets and tools accomplished in TOR-2 (trend section). The list of Principal Invesfi
gators in TOR-2 is given in Annex B. Annex C outlines the invitation to the model
community.
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3. Data quality

Trends, especially trends of ozone that are small, require high and consistent qual
ity of data over a large span of time. In the regular networks as well as at dedicated

scientific sites quality procedures are adopted to ensure that only technically valid
data are stored in the database. The regular networks provide the core of ozone and
precursor trend information.

A study by Low et al. (1992) indicated frends of opposite sign at coastal and near
coastal sites in the UK, Netherlands and Germany. Large differences in frends, and
even opposite frends were also found in a study comparing nearby (< 300 1cm)
EMEP-sites in Scandinavia, Finland, Germany and The Netherlands (Roemer,
1997). The time series of differences of pairs revealed remarkable fluctuations that
could not be ascribed to differences in advection or local emissions.

A similar study is started to compare three sites in the northern tip of Furope: Jer
gul/Krasnaj ok in Norway, Esrange in Sweden and Pallas in Finland, which are
within a distance of about 200 1cm in an almost pristine environment. The average
ozone concentrafions of the three sites over the entire length (10 years) of the time
series are very similar. Occasionally, differences in all three combinations of up to
10-20 ppb can be observed. These differences usually last for a few days or less,
and are likely to be caused by meteorological conditions. Of more concern is the
fact that the averaged ozone concentrations at two sites differ approximately 5 ppb
over a period of three year, while during the other years the difference is negligible.
The combinafion with the third site has not produced conclusive evidence of one
site being flawed.

Ozone and NO data at 35 non-urban sites and from 5 data-providers in The Neth
erlands, Belgium and Germany were evaluated on data quality issues and on frends
(Roemer, 2001). Comparing time series of data from different data-providers re
vealed various discontinuities and drifis. In one case it could be demonstrated that a
change in monitors and in calibration had caused a serious discontinuity of the
ozone time series. The information came from the data, the link with the history of
the instrument required interviewing various technicians of the laboratory, and by
confrontafion with evidence from the data comparison. Much of the essential in
formation on the history of the instruments and calibrafion was stored at “human
data discs” and only accessible by employing Sherlock Holmes type of detective
work. Other cases of suspect data await information from other laboratories.
In the case of NO and NO2 the method of comparing nearby sites has not yet been
applied. Linear regression applied on subsets of the data (low and high percentiles;
winter and summer; daytime and night-time) revealed remarkable differences in
trends under relatively clean conditions. A closer inspection of the data revealed
that all five data-providers have other methods of the processing of near zero val
ues of NO and NO2, which will produce systematic differences between neighbour
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ing countries at the low tail of the concentration distribution. More importantly
however, is that methods are not constant in time, and likely to be of effect when
trends are calculated under relafively unpolluted conditions.

from these studies it is conciuded that data provided by the regular monitoring
networks can only be used for trend studies after a thorough and extensive screen
ing. Despite quality checks performed at the institutes (and ofien also at EMEP
CCC) the data sfill contain disconfinuifies, drifts and offsets that cannot be toler
ated in a trend analysis. This is not to say that they are useless, but that substantial
effort is asked to create subsets that are reliable for a trend study.
Part of the suspicious data could have been detected by simple means such as vis
ual inspection. The fact those data slipped through may point towards deficiencies
in the quality control at the institutes. The other part is more difficult to detect.
Only by working with the data, by comparing with data from other institutes, by
performing more sophisticated analyses than calculating averages and percentiles,
the true nature and status of the data becomes dear. At that point the institutes re
sponsible for the networks often fail the necessary resources and commitment.
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4. Trends of ozone concentrations

The literature gives a large number of studies concerning trends of ozone. The
methods involved are not the same, which does not necessarily pose a problem in
the comparison of trends, but of a more serious problem is that it is not always
dear what the status of the quality of the data is. Furthermore, the time intervals
are usually not idenfical which can be of importance, especially in cases where re
gressions without meteorological adjustment are used. It is known that especially
then the choice of the interval can have a strong influence on the magnitude and
even the sign of the trend. This section will start with a brief overview of recent
trend studies, followed by a discussion of what can be regarded as emerging from
these studies.

4.1 Rural west and north Europe

The Mace ilead data is split into a polluted and unpolluted sector (Simmonds et al.,
1996; Simmonds et al., 2001). In the unpolluted sector, which can be regarded as
western background at mid-latitudes, an upward trend for the monthly means of
+0.5 ppb/yr is reported over the 1987-2000 period, equivalent to about +1.6%/yr.
In the polluted (European) sector the trend in the monthly means is +0.4 ppblyr,
equivalent to +1 .3%/yr. The variation in the monthly means is larger in the polluted
sector, but over a span of 2-3 years both sectors show common features. A rapid
increase in the 87-90 period is followed by a standsfill (unpolluted) or even de
crease (polluted) in the period 9 1-95. A notable increase is seen in the 98-00 pe
riod, the increase being more pronounced in the unpolluted sector. From the data it
is obvious that background concentrations of ozone are increasing. The interpreta
tion of comparing the two sectors is not entirely dear yet, but it suggests that the
large scale (hemispheric) background is important in driving the changes on a time
scale of a few years and more. The effect of Europe is certainly seen in the varia
tions on a shorter time scale, but whether the relatively small difference in trends
between polluted and unpolluted sector is a manifestation of European emission
policy, or must be regarded as negligible, needs to be sorted out yet.

Trends at Mace ilead, Sfrath Vaich and Yarner Wood over the period 88-98 were
determined for one to three clean sectors (South, Atlantic and North) depending on
location, and one polluted European sector (Coyle, 2001). Ozone data were allo
cated to sectors by means of three-dimensional 5-day back trajectories from the
ECMWF. Upward trends in the annual means are seen at all sectors at the two
cleanest sites (Mace Head, Strath Vaich). In contrast, Yarned Wood at the south
western tip of Comwail produces downward trends in both the Atlantic and the
European sector.
All three sites have in common that trends of the annual maxima are downward in
the European sector ranging from close to —0.6 ppb/year for Mace Head and Strath
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Vaich to —2.0 ppb at Yamer Wood, the latter being significant at the 95% confi
dence interval. The annual maxima in the clean sectors show littie trend or an up
ward trend (Mace Head).

At Liiie Valby, Denmark the ozone and oxidant data are allocated to one out of
three sectors (east, west, north) by means of local wind direction (Skov et al.,
2001). The west and east sectors are obviously affected by NO emissions and oxi
dant seems a more appropriate parameter at this site. The annual oxidant means
show a gradual decrease over the 92-98 period, especially in the eastem (40-160)
sector. The year 1999 however, displays the highest annual means of the time se
ries. For the 98-percentile a remarkable strong downward trend is observed at all
sectors over the 92-98 period, but including the year 1999 renders trends stil
downward but less spectacular. For the 98-percentile the trends over the entfre pe
riod are stil in the order of—2%/yr.

five background sites in Sweden were used for trend analysis over the last 10 years
(Lindskog, 2001; Lindskog and Kindbom, 2001). The annual means are upward for
nearly all sites most notably in the winter and early spring. For a few sites and
shorter time intervals sectors were defined. The first indications confirm upward
trends or no trends both in the polluted and the unpolluted sectors.
From the Mann-Kendall test over the 90-98 period significant (at 75% confidence
level) upward trends were found for the means in the winter. In the summer period
only one southem site (Norra Kvill) produced downward trends, the rest showed no
significant change. For the 98-percentiles the prevailing picture is upward in the
winter, and downward in the summer at two southem sites.

The same Mann Kendali test has been applied for a number of Norwegian sites
over the period 88-97 (TOR-2, 2001a). for the means and 50-percentile the pre
dominant picture is a significant upward trend in the winter. In the summer the ten
dencies are mixed with negative, positive as well as no trends (significant at the
75% confidence level). For the 98-percenfile the winter shows upward trends all
over, for the summer more downward frends are seen, aithough a few sites report
upward trends.

At a few finnish sites the ozone data in the May-July period was sorted according
to total nitrate, which was measured simultaneously (Laurila et al., 2001). The av
erage ozone concenfrations in the 89-95 period were compared to those in the 96-
99 period for the different NO3 classes. An increase of average ozone concentra
tions, equivalent to about +1 .0%/yr, is observed at the lowest NO3 classes repre
senting the unpoliuted air masses. In the more polluted air masses a smaller in
crease is seen. This fmding is supported by the notion that sites in southem and
central Finland report increasing AOT4O values over the period 89-99, although the
scatter from year to year is very large.
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4.2 High altitude Enrope

The homogenised time series of ozone sondes at Uccie in Belgium was subjected

to the Kolmogorov-Zurbenko filter to separate different time scales (de Backer et
al., 2001). free tropospheric ozone concentrations at 4 and 5 1cm show a stabilisa
tion since 1990.

Since 1978 continuous measured are performed at the Zugspitze (2962 m) and
Wank (1780 m). The sites are located in the German Alps very close to each other.
Since 1994 a divergence in trends is seen with continuing increasing mean values
at the Zugspitze and a slight decrease in Wank (Scheel, 2001). At the Zugspitze the
seasonal cycle remains virtually unchanged during the 1 990s, but at Wank the am
plitude of the seasonal cycle diminishes with decreasing summer means and in
creasing winter means. As a possible explanafion for the latter a reduced advection
of polluted air during the winter is brought forward. Other phenomena that need
examination are a possible change in the vertical exchange between the two alti
tudes, a reduction of ozone precursors (which has occurred) or changes in the cir
culation.

The Alpine research site at Jungftaujoch is located at an altitude of 3580 m and
continuous measurements are carried out since 1986 (Schuepbach et al., 1999).
Applicafion of various tests to detect shifis and disconfinuities in frends revealed a
disconfinuity in 1989 to be associated with a change of monitor, and one in 1991.
The latter anomaly is also seen at a neighbouring highly elevated site of Davos (but
not at Zugspitze). It is suggested that at least part of the anomaly is related to natu
rai variability. A linear regression on the adjusted data (for the 1989 shift) shows
for the 8 8-96 period upward trends for all monthly means, except for May. Signifi
cant trends are seen in the winter period.
Applicafion of general state space approach to the monthly means of May for the
88-97 period showed significant downward trends (Schuepbach et al., 2001).

Kislovodsk }IMS is located at 2070 m altitude in the Caucasus in Russia. The
Mann-Kendall test showed statistically significant downward trends of the monthly
means at a rate of 1.75 ± 0.4 % per year over the 89-00 period (Elansky et al.,
2001). The annual means continuously decrease from 1991 to 1997, increases are
observed over the first two years and the last two years. The trends in January are
much smaller than in July where after 1995 a rapid decrease of concentrafions is
noted.

4.3 Polluted west and alpine Europe

Brönniman and Wanner (2001) have investigated ozone frends at thirteen urban,
rural and elevated sites in Switzerland. At some stations, data from before 1991
cannot be used due to data quality problems.
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With a non-linear regression model with 10 independent variables to account for
meteorological variability and the seasonal cycle they were able to explain about
65-75% of the variance in ozone concentrafions (average of the four highest half
hourly values between 11.00h and 18.30h) during the April-September period. The
model consists of a baseline trend and a radiation interaction trend, which allowed
for more than one tendency term. A second approach consisted of separating the
different time scales in the time series (by application of the Kolmogorov
Zurbenko filter KZ15,5), followed by application of a linear regression model on the
high-frequency part of the time series for summer (April-September) and winter
(October-March). This method resulted in explained variances of 70-85%.
Daily maximum values under “fair weather” situations have decreased since the
start of the 1990s at rural sites, but increased at urban sites. These changes are not
due to trends in meteorological conditions. The mean value has increased at all
sites, most notably at urban and elevated wral sites. An increasing baseline trend
seems eminent at all sites, to which adds a local trend, which could be due to local
and regional emissions. Inciuding the (decreasing) precursor concentrations in the
regression approach resulted in an improved description of the local trends, while
the baseline trend remained more or less intact.

A rather similar study was conducted by Kuebler et al. (2001) for Swiss sites over
the 87/89-98 penod. As in Brönniman and Warmer (2001) the ozone time series
were separated into different temporal scales. The low frequency component was
removed by application of a KZ365,3 filter. A linear regression model with meteoro
logical variables was used to account for the short-term variafions. The method was
applied on the daily maximum ozone concentrations (mean of the four highest half
hour values) in the May-September period. The explained variance is 73% for
Dübendorf. As a result of their method they find no significant trend in the summer
season 90 percentile of ozone. Urban sites indicate posifive tendencies; at the
Jungfraujoch no statistically significant trend was found.
It is not dear yet how to interpret the no-trend of the 9O percentile for rural sites
below 1000 m as reported by Kuebler et al. (2001) in relation to the downward
trends of peak values in rural areas shown by Brönniman and Warmer (2001). It is
possible that the 90 percentile is too far off from the peak values, and influenced
too much by processes that underlie the increase of averages (see also the German
study in the next paragraph). A more detailed inspecfion of results could disclose
causes for this seemingly discrepancy. Both studies agree with respect to increasing
mean values.

A few hundred German sites were examined on trends by Beilke and Wallasch
(2000). Over the period 1990-1999 the number of days that at least at one site in
Gennany the threshold values of 180 Lg.m3 is exceeded has been reduced by as
much as 80%. The reduction is even stronger for the 240 jig.m3 threshold with vir
tually no exceedances at the end of the 1 990s. By describing the distribution of the
ozone maxima as convolution of three distribution flmctions for ozone, NO and a
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measurement error, they were able to relate the reduction in peak values to the de
crease in emission precursors that has occurred in Germany.
While the 99e” percentile of daily maximum ozone concentrations show a reduction
in the order of 2% per year, the reducfion has almost disappeared at the 9O percen
tile. At lower percentile classes upward trends are seen, increasingly becoming
stronger at the lowest percentiles. The 25e” percentile shows an annual increase of
about 2.5%. The increase is attributed to a reducifon in titration by NO.

In a study to trends in the Netherlands, Belgium and Germany (Roemer, 2001) data
quality problems shortened the available period to after 1992. A Dutch and a Ger
man site (50 km apart) showed consisted trends in ozone and oxidant over the 93-
98 period. A linear multiple regression model which incorporated local meteoro
logical parameters, a seasonal cycle and two trend terms explained about 80% of
the variance of the daily maximum ozone concentration (highest hourly value be
tween 12.00 and 20.00h) in the May-September period.
Significant increases were seen in the 25 and 50 percentiles, whereas the 9O

percenfile dropped by as much as —2.7%/yr in Eibergen and —1 .4%/yr in Wesel.
Virtually no trend difference was seen at the 9O percentile between ozone and
oxidant. for the two lower percentiles the trends in oxidant were considerably less
upward than for ozone, indicafing that an important part of the upward trend can be
atfributed to reduced fitration by NO. Nevertheless, the remaining positive ten
dency of oxidant indicates that other factors play a role as well. This can be an in
crease of background ozone, or otherwise a change in the chemical composition af
fecting the chemistry over this still polluted region.

By means of linear regression, frends were established for nineteen sites in the
United Kingdom and freland over the 88-98 period (Coyle, 2001). Most sites
showed littie to no changes in thefr annual means. Two sites had significant upward
trends; Lough Navar, which is located in a forest, had a significant downward
trend. The annual maxima went down at all sites, four of them being statistically
significant at the 95% confidence interval.

4.4 South Enrope

Patission is located in downtown Athens (Varotsos et al., 2001). Monthly mean
values in January over the 87-98 period are upward. In April, July and October
there is little change of the monthly means or they are slightly downwards (Varot
sos et al., 2001).

4.5 East Enrope

Preila is a coastal site at the Balfic Sea in Lithuania where ozone is being measured
since 1981. Over the enfire 81-99 period as well as over the shorter 89-99 period
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upward tendencies are observed for both the summer as the winter season. Splitting
up to monthly means and performing the Mann-Kendall test over the 89-99 period,
it is seen that downward tendencies (at a confidence interval better than 90%) are
seen in June and August, and that all months in the October-May period show up
ward frends (Girgzdiene, 2001).

A gradual increase of mean ozone values are reported for K-puszta in Hungary
(Haszpra et al., 2001). The annual trend over the 90-99 period is 0.36 ppb, equiva
lent to about 1% per year.

Puntijarka is a site at 980 m alfitude in Croatia not far from Zagreb, where since
1989 continuous ozone measurements are carried out. The data show increases in
the 12-months running mean until 1993/94, followed by a stabilisation or even a
small decline (Butkovic et al., 2001). The war in Croatia, which resulted in a dras
tic decrease in industry and fransportation, might have been of influence to the stop
of increasing levels.

4.6 Summary

The previous sections describe the results of recent trend studies in Europe. Does it
produce a coherent picture of ozone developments? Are there regions where ozone
developments have gone in another direction, or is the information not conciusive,
or even contradictoiy? To order trend study resuits it is important to keep in mmd
the objecfives. There are two objectives: 1) is there a trend as a result of changing
emissions in Europe, and 2) is there a trend in the background?
The first quesfion will be addressed by looking at trends of peak values and high
percentiles, but also by looking at the means and lower percentiles (Table 1). For
sites at the rim of Europe sector splitting is very informative, for sites located more
inward in the continent all sectors are to be used. Background information comes in
the first place from sites at the rim with sectors facing outwards, and from high alti
tude sites and balloon soundings (Table 2).

Tables 1 and 2 are constructed by the information provided in the reports and
sometimes based upon interpretaüon of graphs. The interpretafion of graphs creates
an element of uncertainty; also the significance of reported trends is not always
dear. In this evaluation only rural and non-urban sites are discussed. The maj ority
of sites span a period of about 10 years covering a large part of the 1990s, with
sometimes a few years at the end of the 1 980s. Shorter intervals are used at Lille
Valby and the Netherlands-German study.
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Table 1 Oven’iew offrend resutts for rural and non-urban sites in Europe, trends appÏy to ozone
unless stated dfferentty.

Site Type Peaks1 90thp Averas Averas Aver9es
g$th..p hp and 50 -P and 50 -P and 50 h..p

summer or summer or summer annual winter
annual annual

Eu rope
Mace Head (Ire) rural -- +

Strath Vaich (Sco) rural -- +

Yarned Wood (Eng) rural -- --

Norway South 5x rural --/0 01+ +

Sweden South 3x rural --/0 --/0 +

Sweden North 2x rural 0 0 +

Finland rural + +

Lille Valby (Den) non-urb. -- -- (ox)

UK19x rural --/0 01+
Neth-Germ. 2x non-urb. -- +

Germany (many) all -- 0 +

Switzerland rural -- 0 +

Preila (Lith.) rural --/0 + + +

K-puszta (Hun) rural +

Puntijarka (Cr0) rural 01+

Switzerland >1000 -- +

Wank (Ger) 1780 -- 0 +

Zugspitze (Ger) 2962 --/0 01+ + +

Jungfraujoch (Swi) 3580 0 +

Uccle (Bel) 4-5 km 0
Kislovodsk (Rus) 2070 -- --/0 --

-- : downward trend; +: upward trend; 0: no trend; blank fields: not applicable or no information

There is very strong evidence that the peak values of ozone are decreasing. All
available information shows downward frends, a few report no significant trends.
Upward trends are absent.
There is very strong evidence that wintertime averages are increasing. All sites, ex
cept one, report posifive tendencies. The exception is the elevated site at Kislo
vodsk. More detailed analyses are required to investigate whether this is diie to dif
ferent developments in the background (the site is located far to the east compared
to the others), to the collapse of the Russian economy after 1991, or to other ffiings.

The increase in wintertime means is to a certain extent reflected in the increase of
annual means. Annual means are predominantly increasing, but there are also sites
with no trend or a downward trend. A mixed picture is produced when summertime
means are considered. Tendencies of both signs are seen, although more sites with
positive than with negative tendency.
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In polluted places the increase of ozone averages is attributed to the reduced tifra
tion by NO, but apart from that, there are indicafions that there is also a contribu
tion from other processes.

Concerning changes in the background, ground level sites in freland, Scotland,
Sweden and Finland report increases. Elevated sites like Zugspitze and Jungfrau
joch indicate predominantly upward tendencies, especially in the winter, when the
background prevails over chemistry. But: the soundings in Belgium at 4-5 km do
not show a trend, and on the other end, the trend at Yarner Wood is downward in
the clean sector. The indications for an increase of background are very sfrong but
not conclusive yet.

Table 2 Oven’iew of trend resuitsfor rural sitesfacing the background ofEurope; trends appÏy to
ozone.

Site Type Peaks9&t-P, 90th..p Averas Averas Averas
95 -P and 50 -P and 50 -P and 50 -P

summeror summer summer annual winter
annual orannual

Background-Europe
Mace Head rural +

Strath Vaich rural +

YarnerWood rural --

Sweden rural 0/+
Finland rural +

Zugspitze (Ger) 2962 01+ + +

Jungfraujoch (Swi) 3580 +

Uccie (Bel) 4-5 km 0
Kislovodsk (Rus) 2070 -- --/0 --

-- : downward trend; +: upward trend; 0: no trend; blank fields: not applicable or no information
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5. Irends of precursor concentrations

This chapter will give a brief overview of the results of trend studies based on TOR
data and on other data. The studies are divided into the two mail groups of ozone
precursors (NOg and VOC) and to the type of data (rural and urban).
Most of the rural nitrogen data is as NO2, urban data is often both in NO2 and in
NOK. The definition of urban and rural is not very strict in terms of concentration
levels and depends also on the local perception. In densely populated and small
countries like The Netherlands and Belgium, it would be misleading to define
many of their sites as rural, only because they are located outside the population
centres. The concentration levels are high enough to classify them as semi-urban or
non-urban instead of rural.
It was not always possible to discriminate between the terms VOC and NMHC. In
cases where it was not dear the data are referred to as VOC.

5.1 NO and NO2

5.1.1 Urban and semi-urban

Daily averaged NO2 concentrafions are measured at a large number of urban and
regional sites in Sweden since 1986. The national winter-time (October-March)
NO2 averages are calculated as the average over 15 urban areas in Sweden. Figure
2 shows the temporal development of the national averages of NO2 and the emis
sions of passenger cars, total traffic and the emissions in urban areas.

The national Swedish NO emissions from traffic and passenger cars are esfimated
to have been reduced by respectively 40 and 52% over the measurement period,
which is good agreement with the 39% reduction in nafional average NO2 burden.

In the United Kingdom emissions from road traffic, which have the greatest influ
ence on ground level concentrations, increased steadily prior to 1989. There has
been a decrease of 22% between 1989 and 1994 (PORG, 1997). Significant down
ward frends of NO concentrations over the same period are reported from all five
sites that had, in 1994, at least five years of measurements. The frends are consis
tent with emission inventory data.
Non-urban NO2 data from Lullington Heath and Ladybower show moderate to sub
stantial downward trends in the 88-98 period (Coyle, 2001).
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Figure 2 Trends of$wedish nationat winter half-year averages ofNO2 (Ltg. m3), per
centage offraffic with catatysts (left vertical axis), and urban emissions, na
tionat

ffiSger car emissions and total fraffic emissions (right axis).

In The Netherlands 18 non-urban sites showed that in 1999 the average NO con
cenfrations have dropped by about 30% compared to the early 1 990s (Roemer,
2001). No trends were found during the 1980s. By comparing the data with model
calculafions which take into account the interannual variability in the meteorologi
cal conditions much of the variations from year to year could be ascribed to
changes in the cfrculation. The timing and the rate of the NO concentration
changes compared well wiffi national emission inventoiy data. This study included
also a few sites in the neighbouring German province Northrhine-Westphalia. It
seems that at the German sites the reducflon of NO started a few years earlier,
thereby making the total reduction over the enfire period somewhat larger than
30%.

The concentrations of NO measured at nine Netherlands urban sites, predomi
nantly iniluenced by traffic, were adjusted for meteorological fluctuations and
variations in background concentrations. Urban tTaffic emissions were calculated
for the specific condinons (intensity, type of traffic) at these sites (Noordijk et al.,
1999). There is an excellent agreement in trends between the concentrations and
the urban traffic emissions (Figure 3). Both sources of information show a reduc
tion in NO traffic emissions of 35-40% over the 88-97 period.
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figure 3 Trends ofurban traffic NO emissions and measured NO concentrations at
nine urban sites in The Netherlands.

The urban NO data in Switzerland report a dear downward trend of 50% in Zürich
(86-98) and of 40% in Dübendorf(88-98) but a smaller downward trend of 13% in
Lugano over the 89-98 period (Kuebler et al., 2001). According to the Swiss emis
sion inventory (SAEFL, 1995) the national Swiss NO emission bas dropped in the
85-98 period by —30%. for the two main source categories, traffic and industry the
reductions are —39% and —14% respecfively. The smaller source categories are
residential (-23%) and agriculture (+19%). It is important to note that in these
emission estimates the last few years are based on future projections.

At the Athenian site Patision a reduction of about 25% of NO concentrations is re
ported over the 90-97 period, and a smaller trend of NO2 over the same period
(Varotsos et al., 1999).

5.1.2 Rural

At Strath Vaich in the north of Scotland the annual NO2 show lifile change over the
90-9 7 period, although a small downward tendency seems eminent (Coyle, 2001).

The five mral $wiss stations show little downward or no trend of NO over the pe
riod 88/9 1 to 98 (Kuebler et al., 2001).

An overview of long-term NO2 measurements from the EMEP network is given in
Barrett et al. .(2000). A brief summary will be given below. NO2 concentrations at
the German north-sea coastal site Westerland show almost no change in the 85-98
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period, in contrast to the Dutch coastal site Kollumerwaard which is located at a
distance of about 300 Irni to the west. Other rural German NO2 sites show a mixed
picture with dear downward frends in Deuselbach and Waidhof, and no trends at
the higher alfitude sites Schauinsland and Broijack]riegel in the southwest and
southeast respectively. The national NO emission has been reduced substantially
over the last 10-15 years, 50 it is not dear why the rural sites do not show a more
coherent trend. Data quality issues are suggested by Barrefl et al. (2000) as a possi
ble explanaüon.
Another contrast of trends was seen in Scandinavia. Norwegian EMEP sites report
a reduction in NO2 concentrafion of about 35% (87-98), while the Swedish EMEP
sites show no trends or even a slight upward trend over the same period. This is
even more remarkable in view of the fact that the Norwegian NO emissions have
hardly changed since the mid-1980s, but that the Swedish NO emissions dropped
by almost 40%. Rural sites in both countries are strongly influenced by foreign
emissions, most notably by Gennan and UK emissions. Since EMEP sites are se
lected on the criterium of little local inftuence, it was unclear why the trends in the
two countries diverge so much. Recent information, which was not incorporated in
the Barret et.al. (2000) report, offers the explanafion. In 1988-1989 a new method
was introduced in Sweden. As a result of a te-examination of the two methods it
became dear that the NO2 measured by the former method was systematically too
low compared to the new one The old data have been adjusted by multiplication
with a factor of 1.44 (Sjöberg, 2001). As a result the NO2 trends in the adjusted
data in Sweden have become downwards with a decrease of more than 30% in the
winter (86-99). In the summer the decrease is somewhat smaller. The develop
ments are now in line with the emission trends. This example illustrates once more
the importance of documentafion and quanfificafion of changes in the monitoring
practices.
The Polish site Jarcew displays a decrease in NO2 concentrations consistent with
reported changes in national Polish emissions which have declined with about 30%
since the mid-1980s. A substantial decrease in NO2 concentrations is also seen at
the Czech station Svratouch after 1990, which seems to be confirmed by similar
developments at K-Puszta in Hungary, although their records in the 92-94 seem
suspiciously low (Barrett et al., 2000).

A similar development is seen at Preila in Lithuania where after 90/91 a notable
decrease in NO2 concentrafions is observed which continues unfil 1999 (Girgzdi
ene, 2000).

5.2 VOC

A general “complaint” is that there is a lack of observational data. It is certainly
true that the size of the VOC databases is considerably smaller than ofNO and 03,
but in the course of time interesting and useful time series of VOC have been con-
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structed. Some of the data has already been used in trend studies, others await fur
ther evaluation.

5.2.1 Urban and semi-urban

In the United Kingdom 26 hourly speciated C2-C8 hydrocarbons are roufinely
measured at 11 urban and 1 rural site since 1994 (Derwent, 1999; Derwent et al,
2000). The majority of the hydrocarbon concentrations show good correlafion with
benzene indicafing that motor vehicle exhaust and evaporative emissions are the
major source of hydrocarbon emissions at the UK urban background sites. The
concentrations of the maj ority of the hydrocarbons have shown significant de
creases, typically in the order of 20-40% between 1996 and 1998. At sites heavily
influenced by industrial emissions, some of the hydrocarbon concentrations have
shown reduced trends, no trends or sometimes upward frends.

In Sweden an urban network of benzene and other aromatics was initiated in 1992
(Lindskog, 2001). During the winter half-year weekly averaged samples of 8 speci
ated VOCs are taken at 10 urban sites. In the course of time the number of urban
sites has increased to 39 in 1999/2000. The average of the 10 urban sites show a
60% drop in winter half-year concentrafions from the winter 92/93 to the winter
9 9/00 (Svanberg and Lindskog, 2001). The data of the aromatics indicate a much
stronger reduction than the trend in the urban total VOC emissions, which are cal
culated at —38% over the same penod. It is not dear yet whether the discrepancy is
due to a reduced share of aromatics in traffic exhaust, or that the urban sites are
substantially influenced by other source categories, which have undergone much
more change.

In the Netherlands the longest records of continuous VOC measurements are at
Moerdijk nearby an industrial plant for which the sites were designed (Thijsse,
1983). Houriy data of C2-C5 are collected for the 81-91 period, daily data for the
92-99 period. In the second period ethene, propene and acetylene are measured
each day, C6-C12 once every fourth day. A method to filter out the data contami
nated by the refinery worked satisfactorily for the longer lived species, but seemed
less appropriate for a very reacfive component as propene (Roemer, 2001). Typical
traffic components like acetylene and ethene showed a downward trend of about
50% over the 81-99 interval (Fig. 4), which is in excellent agreement with the
trends according to the traffic emission inventory. The decrease starts in the mid
1 980s and accelerates in the 1 990s. For benzene and toluene downward trends of 3-
4%/yr are found over the 92-99 interval.

For propene almost no trend was found which could be due to local changes that
slipped through the filter. Also hexane didn’t show much change over the 92-99 in
terval. It is not dear yet why these components differ so much in frends from the
others.
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In The Netherlands there are other continuous non-urban data available, such as
Zegveld (C6-C14 since 1992) and Kollumerwaard (C2-C8 since 1994) but evalua
tion of those has been so far very limited.
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In Switzerland long-term continuous measurements of VOC are available for
Ztinch (urban) and Dübendorf (near a road in an industrial area). At both locations
VOC concentrations decreased with about 50% in the period 86-98 (Kuebler et al.,
2001). According to the Swiss emission inventory (SAEFL, 1995) the nafional
$wiss VOC emission has dropped in the 85-98 period by —42%. for the two main
source categories, traffic and industry the reductions are —70% and —29% respec
tively. It is important to note that in these emission estimates the last few years are
based on future projecfions.

5.2.2 Rural

At the Wank mountain site in southern Germany of measurements of VOCs were
carried out by grab samples during periods from March ‘87 to July ‘90 (part 1), and
by means of an automatic device in the period January ‘96 to June ‘98 (part 2). In
the first part samples were taken in the morning while in the second period the oh
servafions were done at night. Due to differences in sampling strategy and due to
improvements in analytical techniques it is not possible to derive a trend from these
two data sets.
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figure 4 Trend offiltered Moerdijk MC acetytene concentrations (ppb) and trend of
Netherlands traffic acetytene emissions (kton/yr) over the 1980-1999 period.
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The EMEP network started in 1992 with regular monitoring of light VOCs (C2-C7)
and carbonyls at a few selected sites in Europe (Solberg et al., 1993). The pro
gramme for VOC monitoring was substanfially revised in 1997 implying the do
sure of a few sites. There are five EMEP-VOC sites (Waidhof, Kosefice, Starina,
Donon and Taenikon) that report data since 1993. In addition data from Birkenes
(since 1987), Pallas and Utö are inciuded in the annual EMEP reports (Solberg et
al., 1998). The intensity of data collection varies from 70 to 140 samples per year.
Trends at Birkenes are currently being sorted out.
The two Finnish sites Pallas and Utö showed no significant difference in concentra
tions between the 95/97 period and the 98/00 period (Laurila et al., 2001). For the
winter season (October-March) no changes were found, for the summer periods
(June-August) there are indications of a decrease in concentrations, but the scafter
in the data is too high to establish a trend.

The rest of the sites reporfing to EMEP have not yet been subj ected to a through
trend evaluafion. It would be interesting to invesfigate whether the apparent VOC
emission frends in various parts of Europe over the last ten years will show up in
the data when the observations are assigned to the corresponding wind sectors.

At the site of K-puszta in Hungary VOCs are measured since 1988. Total NMVOC
concentrafions stayed fairly constant in the 88-91 period and then dropped steeply
to much lower values in 1992 which is attributed to the economic crises that oc
curred in Eastem Europe (Haszpra et al., 2001). Comparing the 88-90 period with
92-93 the decrease in concentrations is in the order of 50-70% in the NE-SE-SW
sectors and much smaller in the NW sector facing westem Europe (and a part of
Hungary). Since 1993 the concentrations stayed at a fairly low level, but since
1997 an increase seems eminent.

5.3 Summary

The urban data, and the non-urban data in The Netherlands and Germany have in
common that the frends are downward, and very substantially, and that there is a
good agreement with the emission inventory data. This hold for NO and for VOC.
Urban data sites are predominantly fraffic sites, and the agreement shows that the
fraffic emission information is consistent (in relafive terms) with the observations.

In cities in Sweden, Switzerland and The Netherlands the reduction of NO emis
sions by fraffic seems to have set in already in 1987 while for the United Kingdom
it is 1989. In these countries the traffic emission reducfion of NO over the last 10-
13 years is 35-50%. Non-urban sites in The Netherlands show a 30% in reducfion
in NO concenfrations, in agreement with the trend of nafional NO emissions. The
onset is not before the early 1990s, so a few later than in the cities.
The fraffic related reduction of VOC is about 50-60% in The Netherlands (85-99),
50% in two Swiss cities (86-98) and 60% (aromatics only) for Swedish cities (92-
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99). In Sweden the reduction is much stronger than the reduction in VOC emission
according to the Inventories, but this might be due to a shift in the partitioning of
aromatics to the total.

Sites in downtown Athens show a downward trend in NON, it is not dear yet
whether this is in line with information from the emission inventory.

The situation for the rural sites is less dear. Clean sites in Scotland and Germany
(Westerland, Schauinsland, Broijackfriegel) show no trend or littie trend in NO2
and NO concentrations, despite the reported emission reduction in these and other
countries. In contrast, Deuselbach and Waldhof two rural sites closer to the main
source areas show a significant downward trend. Agreement between NO2 reduc
tions in concentrations and emissions of NO are reported for a Polish and a Czech
site, whereas the Norwegian and Swedish sites showed tendencies opposite to na
tional emission developments.

Rural VOC measurements are scarcely investigated to trends. The two Finnish sites
Pallas and Utö showed no trend over the last five years. At K-puszta in Hungary
the sharp drop in NMHC concentrations seems to be linked to rapid decline of the
eastem economies after 1990.

It is dear that an urban network offers excellent opportunities to track down
changes in traffic emissions. It is also dear that traffic emissions in NW-Europe
and Alpine Europe are reduced by as much as 35-50% for NO and even somewhat
more for VOC. The start of the VOC emission reduction is a few years ahead of
NON. Non-urban sites in polluted and moderately polluted areas also show dear
downward tendencies of emissions, and in some cases in good agreement with
trends of national emissions. The indication is that the traffic emission reducfion is
stronger than the national emission reduction, which suggest that the main other
source (industry) is trailing compared to traffic.

However, the cleanest sites and a few of the moderately polluted sites show little
trend, or frends opposite to the national emission changes. These sites, which are
remote from the source areas, may have been influenced by opposing trends from
different geographical areas, or by changes in the chemistry that could have af
fected the NO2 share in NO and NOV. At these very low concentration regimes
data quality problems cannot be excluded either.
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6. Dïscussion and future perspective in TOR-2

Retuming to figure 1 it becomes dear that a few of the questions (“Is there a
trend”, and “do they match”) can be answered with more confidence than a few
years ago.

Emissions
There is conciusive evidence that reducfion of NO and VOC emissions by traffic
is confirmed by long-time series of observations in urban and polluted areas in
NW-Europe and in Alpine Europe. The only south-European location for which in
formation is available, Athens, shows also a decrease in NOK. Information from
other urban areas in Southem and Eastem Europe is heavily needed to assess the
developments in these areas. It will be investigated whether this information, if
available, can be channelled through by means of GENEMIS, SATURN, or ETC
AQ.

Emissions of industrial sources are more difficult to capture. Without having to
measure at individual plants, rural and non-urban sites have the potenfial to assess
concentrafion and emission changes on a larger than urban scale. There are indica
tions that for NO downward trends are observed which relate to emission changes,
in NW-Europe but also in a few East-European countries.
However, the situation in the rural department is far from conciusive, since a num
her of sites might have suffered from data quality problems. For remote sites the
meteorological variability and the background are potentially very important con
tributors to frends, and much work need to be done to separate the contributions.

Ozone observations
There is very strong evidence that over the last ten years annual maximum concen
trations have dropped. At a number of sites data quality problems were identified
and suspicious data removed. In nearly all studies downward trends emerged, and
often at a substantial rate of 1-2% per year.

There is substantial evidence that background ozone concentrations at ground-level
in the sectors North and West have increased over the last 10-13 years. for the sec
tors South and East potential information is available (Izana, Kislovodsk) but not
processed yet in the proper format. The developments at (primarily) free fropo
spheric sites suggest increases of ozone concentrations during the winter and less
increase or no increase in the summer. Also at the lower rural sites the dominant
tendency in the winter is upward, whereas in the summer upward tendencies sfill
prevail, but with more sites reporting no trend or a downward trend. Advection of
ozone from elsewhere is much more of importance to the ozone budget in the win
ter than in the summer. The fact that frends are almost exclusively upward in the
winter, is another indication of increasing background levels. The summer pro-
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duces a more mixed picture of tendencies of mean concentrations, suggesting that
at some sites changes in the chemistry have been of influence.

Retation with modets
Annual peak values of ozone are known to be produced by European emissions
under the proper meteorological conditions. In a qualitative way, the conciusion
that emission reductions are visible in the reducfion of peak values is inevitable.
However, do they match the expectafions? That quesfion can only be answered by
feeding chemical dispersion models with the emission changes as have occurred
over the last 10-13 years. A first and preliminary comparison suggested that the
scavenging of peaks runs more efficient than expected by a model (Roemer, 2001).
An important task ahead in TOR-2 and in GLOREAM is to perform a number of
sensifivity studies with a set of models to identify the response of models under a
specified regime of emission reductions. Candidate models are: LOTOS, EMEP
(3D and Lagrangian), CifiMERE, EURAD, REM3, Danish Eulenan, and others.
The fact that the models differ in complexity, in vertical and horizontal resoluflon,
in chemistry, in paramefrisation of sub-grid processes, in deposition, etc .. offers a
good opportunity to tesfing critical factors determining the sensifivity of ozone
trends.

A similar model approach is advocated to address questions concerning the back-
ground. There are qualified models available that can simulate changes in the
chemistry on a global scale due to worldwïde emission, and due to changes in the
stratosphere. A pre-requisite is of course that the woridwide emissions are covered
well. This approach might idenfify key contributors to an increase in the back-
ground, and whether the changes in background are regionally dependent.
Concerning the background much more obsenrational information is required to
establish increases in the northern hemisphere. Such information could come from
other continents, but also from European sites located south and east. Essential is
the availability of back-trajectories to sort out the origin of air parcels.

The workpian for trends in the next year of TOR-2 consists of the following ele
ments:

1. Sorting andfittering
Sorting the 50-70 ozone sites in Europe by means of 3D and 2D back-trajectories
(Annex A). The 10-day back-frajectories are calculated on the basis of the re
analysis data, and will be available for the 79-00 penod in the autumn of 2001. The
2D back-trajectories are on the 925 mbar level and go 4 days back in time. They
cover the 88-96 period and are primarily meant for flat low level areas. An impor
tant objective of using trajectories is to sort to geographical areas. Are develop
ments in the south or east different from those in the west? Keeping this in mmd it
is up to the PIs, who know the local circulafion paffems and the local pollufion
situafion, to define the most appropriate sectors at their sites.
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Other filtering methods that work on local parameters (NO3, Be7, meteorology) and
have been applied in the past will be pursued as well.

The sites listed in Annex A are not all TOR sites. It is important that sites lacking
human-power to process the data by means of the trajectories will be “hosted” by
others in order to prevent holes on the European map. Resources will be sought for
to get maximum coverage.

2. Model comparison
The model community will be invited to engage in model sensifivity study directed
to trends (see above, and Annex C).

3. Data quality
Data quality aspects remain essenüal in trend studies. A few sites have been sub
jected to certain degrees of testing. Others have yet to start. Pairing of nearby sites
(especially across borders) is encouraged as a cheap and fast method to identify
possible problems. The general state space approach is offered to process a number
of sites in order to check for discontinuities.
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7. Conciusions

Based on studies conducted and collected in TOR-2 the following conclusions are
drawn:
— There is conclusive evidence of a very substanfial reduction of NO and VOC

emissions by traffic in NW-Europe and in Alpine Europe.
— There is very strong evidence that traffic emission trends in the inventories are

reflected by the urban observations.
— There is very strong evidence that over the last ten years annual maximum

concentrafions of ozone are reduced.
— There are strong indications that background ozone concentrations have in

creased over the last 10-13 years.
— There are indications of emission reductions since the early 1990s in Eastem

Europe.
— Data from the monitoring networks needs thorough and extensive screening

before it can be used in a trend analysis.

The following aspects need attention in order to provide a pan-European picture:
— There is insufficient information available to draw firm conclusions for the re

gions East and South.
— It is not known what underlies the increase of background concentrations.
— It is not lcnown whether the changes in ozone (peak and mean) concentrations

are quantitativety in line with the modelled projecfions.

It is recommended to work on the following in the last phase of TOR-2:
— Use the trajectory sites to establish a pan-European view of ozone trends, in

cluding background trends in all directions.
— Perform model nms with different models to examine the sensitivity of ozone

trends to process descriptions.
— Conduct studies dedicated to obtain information from the South and East.



TNO-report

TNO-MEP — R 2001/244 330f 37

8. Acknowledgements

The convener is grateful to his colleagues in TOR-2 and in Europe for the provi
sion of data and resuits, for the support in scienfific discussions, and for the pleas
ant human interactions.

The study was made possible by EU grant EVK 2-1999-01 14P (TROTREP) and by
intemal TNO grants 004.31493 and 004.32066.



TNO-report

TNO-MEP — R 200 1/244 34 of 37

9. References

Most of the “2001” references refer to contributions to the annual 2000 TOR-2 re
port (TOR-2, 200 ib). The remaining references are:

[1] Barreft K., J. Schaug, A. Bartonova, A. Semb, A. Hjellbrekke and J.E.
Hanssen (2000). A contribution from CCC to the reevaluation of the
observed trends in suiphur and nifrogen in Europe 1978-1998. EMEP/CCC
report 7/2000, NILU, Kjeller, Norway.

[2] Beilke S. and M. Wallasch (2000). Die Ozonbelastung in Deutschiand seit
1990 und Prognose der zukünftigen Entwicldung. Jmmisionsschutz —

Zeitschrif für Luftreinhaltung, Lrmschutz, Anlagensicherheit,
Abfallveiwertung und Energienutzung. Erich Schmidt Verlag, Berlin.

[3] Brönniman S. and H. Wamer (2001). Zeifreihenanalyse des bodennahen
Ozons in der Schweiz. Vertrag Nr. fE/BUWAL/810.98.7. University of
Beme, Switzerland.

[4] Deiwent R. (1999). Analysis and interpretafion of the continuous hourly
monitoring data for 26 C2-C8 hydrocarbons from the DETR automatic
monitoring network for 1996 and 1998. DETR EPG 1/3/150, London.

[5] Deiwent R., T. Davies, M. Delaney, G. Dollard, R. field, P. Dumitrean, P.
Nason, B. Jones and S. Pepler (2000). Analysis and interpretation of the
confinuous hourly monitoring data for 26 C2-C8 at 12 United Kingdom sites
during 1996. Atmospheric Envfronment 34, 297-3 12.

[6] Girgzdiene R. (2000). Personal communicafions.

[7] Kuebler J., II. van der Bergh and A. Russeli (200 1).Long-term trends of
primary and secondary pollutant concentrations in Switzerland and their
response to emission confrols and economic changes. Atmospheric
Environment 35, 1351-1363.

[8] Lindskog A. and K. Kindbom (2000). Ozone in remote areas: seasonal
cycles and frends. TOR-2 annual report 1999. International Scientific
Secretariat, GSF, Munich, Germany.

[9] Low P., T. Davies, P. Kelly and G. Farmer (1992). Variations in surface
ozone frends over Europe. Geophys. Res. Leif., 11, 1117-1120.



TNO-report

TNO-MEP — R 2001/244 350f 37

[10] Noordijk E., P. den Hartog and K. van Velze (1999). Meten, rekenen en
onzekerheden; de werkwijze van het RIVM-Milieuonderzoek. RWM-rep. nr
408 129005, Bilthoven, The Netherlands.

[11] PORG (1997). Fourth Report of the Photochemical Oxidants Review Group,
1997. DETR, London.

[12] Roemer M. (1997). Trend analysis of ground level ozone concentrations in
Europe. EMEP/CCC-Note 1/97. NILU, Kjeller, Norway.

[13] Roemer M. (2001). In search fro trends of ozone and precursors — first
progress report TROTREP Workpackage 3, partner 4-. TNO report
R2001/100, Apeldoorn, The Netherlands.

[14] Scheel II. (2001). Ozone climatology studies for the Zugspitz and
neighbouring sites in the German Alps. TOR-2 annual report 1999.
International $cientific Secretariat, GSF, Munich, Germany.

[15] Schuepbach E., P. Zanis, P. Monks, T. friedli and S. Penkeif (2001). In situ
Photochemical transport of ozone at Jungfraujoch. TOR-2 annual report
1999. International Scienfific Secretariat, GSF, Munich, Germany.

[16] Schuepbach E., P. Zanis, S. Penkett, P. Monks and B. Buchmann (1999).
The long-term (1986-1996) ozone record at the Mpine site at Jungfraujoch
in SwitzerlandL homogeneity analysis, trend studies and in-sity
photochemistry. In: Proceedings of Eurotrac Symposium ‘98 (eds.: P.
Borreli and P. Borrell). International Scienfific Secretariat, GSF, Munich,
Gennany.

[17] Simmonds P., R. Derwent, A. McCulloch, S. O’Doherty and A. Gaudry
(1996). Long-term trends in concentrafions and radiatively active trace gases
in Atlantic and European air masses monitored at Mace Head, freland from
1987-1994. Atmospheric Environment 30, 23, pp.4O4l-4O63.

[18] Simmonds P., S. O’Doherty and T. Spain (2001). Advanced global
atmospheric gases experiment Mace Head, keland. DETR contract EPG
1/1/82. Ringwood, United Kingdom.

[19] Sjöberg K. (2001). Personal communications.

[20] Solberg S., N. Schmidbauer, U. Pedersen and J. Schaug (1993). VOC
measurements August 1992— June 1993. EMEP/CCC report 6/93. NTLU,
Kjeller, Norway.



TNO-teport

TNO-MEP — R 200 1/244 36 of 37

[21] Solberg S., P.Codeville, C. Dye, 1. Honzak and N. Schmidbauer, (1998).
VOC measurements 1997. EMEP/CCC report 4/98. NILU, Kjeller, Norway.

[22] Svanberg P.A. and A. Lindskog (2001). Mr quality in Sweden, summer
1999 and winter 1999/00. WL report B-1388, IVL, Stockholm, Sweden.

[23] Thijsse T. (1983). Etheen en propeen nabij Moerdijk. TNO report G952-M,
Apeldoorn, The Netherlands.

[24] TOR-2 (2001a). TOR-2 annual report 1999,Evaluafion of task 1.
International Scientific Secretariat, GSF, Munich, Gennany.

[25] TOR-2 (200 1h). TOR-2 annual report 2000. International Scientific
Secretariat, GSF, Munich, Germany (in press).

[26] Varotsos C., K. Kondratyev, G. Chronopoulos and D Alexandris (1999).
Tropospheric ozone dynamics over Athens and St.Petersburg. TOR-2 annual
report 1998. International Scientific Secretariat, GSF, Munich, Germany.



TNO-report

10. Authentication

Name and address of the principal:

TOR-2

Names and functions of the cooperators:

Dr. M.G.M. Roemer

Date upon which, or pedod in which, the research took place:

May 2001

TNO-MEP — R 2001/244 37of 37

01

Names and establishments to which part of the research was put out to contract:

Approved by:Signature”

15r.M.G.M.Roemer
Project Leader



TNO-report

TNO-MEP — R 2001/244 1 o 3

Annex A

Annex A Data and tools in IOR-2

Since TOR-2 is a project without funding it cannot claim products and data that
were developed in projects funded by national and international agencies. How
ever, by combining and comparing the work of a large number of European re
search groups, by defining a set ofjoint activifies to support a pan-European ap
proach, TOR-2 can claim that it has played an important and stimulating role in
creating data sets and tools that are useful and will be useful in the future for the
analysis of frends and spatial variation of ozone and precursors. The following
data sets and tools can be mentioned:

Data quatity aspects
With respect to data quality (not only ozone but also precursors) two approaches
are developed. The first approach screens the data to detect irregularities, breaks,
drifts by means of statistical methods. Several methods were tested in their ability
to detect irregularities. Evi Schuepbach (University of Berne) has offered to run her
general state space method for TOR2 ozone and oxidant data. The second approach
compares data from neighbouring sites to look for irregularities. Several PIs have
volunteered in comparing their ozone with those from neighbouring countries.

Methods to accountfor (meteorotogicat) variabiity
There are various methods to account for (meteorological) variability in the data.
An overview of methods was circulated after the Dubrovnik workshop (see also:
Roemer, 2001). Some of the methods use local meteorology, others use filters by
means of chemical tracers (7Be, NO3). Also large scale parameters (NAO-index,
GrossWetterLagen, ..) are used. Back-trajectories are useful in defining the the on
gin of air. In TOR-2 activifies are started to create a large dataset of ozone and tra
jectory sites.

segregation and classfication by means of3D trajectories.
A few PIs have performed analysis by means of frajectories from NOAA-CMDL
and ECMWF. In order to harmonise the analysis for Europe, and thanks to an offer
by Andreas Stohi of the University of München it was decided to prepare a set of
3D back trajectories for about 50 sites, covering the period 1979-2000. The 10-day
back trajectories are based on the ECMWF re-analysis data. The trajectories have a
resolution of 3 hours and provide data of potential vorticity, potential temperature,
pressure, and other parameters at a 3h interval. Figure 5 and Table 3 give an over-
view of sites including the length of the ozone records. It includes three sounding
sites, 13 ground level sites above 1 1cm altitude, and 36 ground level sites below 1
km. The set covers almost the entire European area, with a large range in pollufion
levels and climatological conditions. A few years are available (May 2001) and it is
expected that the entire series will be completed in the autumn of 2001.
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segregation and classfication by means of2D trajectories
Sverre Solberg of NILU has calculated and made available 1988-1996 trajectories
for 70 sites in Europe, inciuding parameters such as integrated NO and VOC.
About 40 sites have both the 2D and the 3D trajectories available. Mhairi Coyle
and Jana Moldanova have written a programme to visualise the 2D frajectories in
excel.

Table 3 Overview ofsites for which 3D frajectories are catculated. Sites have
continuous measurements, except the sounding sites. (Coordinates expressed
in degrees and minutes)

Country Site Northern Eastern Altitude Period
Latitude Longitude m.as.I.

NO NyÂlesund 78°54’ 11°53’ 474 89-00
NO Krvatn 62°47’ 08°53’ 210 88-00
NO Birkenes 58°23’ 08°15’ 190 85-00
NO Jeløya 59°26’ 10036e 3 80-00
SE Vindein 64°15’ 19°46’ 271 86-00
5E Rörvik 57°25’ 11°56’ 2 87-00
SE Esrange 67°53’ 21°04’ 524 91-00
F1 Utö 59047e 21°23’ 7 89-00
F1 Palias 67°58’ 24°07’ 566 91-00
DK Liiie Vaiby 55°42 12°07’ 15 91-00
IE Mace Head 53°20 -09°54 15 87-00
UK Strath Vaich 57044 -04°47’ 270 87-00
UK Aston Hili 52°30 -03°20’ 370 86-00
UK Eskdaiemuir 55°19’ -03°12’ 269 86-00
UK Harweil 51°34’ -01°19’ 137 83-00
UK High Muifles 54°20’ -00°48’ 267 87-00
UK YarnerWood 50°36’ -03°42’ 119 87-00
UK Sibton 52°11’ 01°17’ 46 73-00
NL Kollumerwaard 53°20’ 06°17’ 0 78-00
NL Vredepeei 51°32’ 05°51’ 28 86-00
NL Biithoven 52°07’ 05°12’ 5 94-00 1

DE Waidhof 52°48’ 10°46’ 73 81-00
DE Deuselbach 49°46’ 07°03’ 480 81-00
DE Zugspitze 47°25’ 10°59’ 2962 78-00
DE Broijackiriegel 48°49’ 13°13’ 1016 81-00
DE Wank 47°31’ 11°09’ 1780 90-00
DE Schauinsland 47°55’ 07°55’ 1205 81-00
CH Jungfraujoch 46°33’ 07°59’ 3580 87-00
CH Payerne 46°49’ 06°57’ 500 92-00
AT Sonnblick 47°03’ 12°58’ 3106 88-00
AT Iilmitz 47°46’ 16°46’ 117 92-00
SL Krvavec 46°18’ 14°32’ 1720 89-00
HR Puntijarka 45°49’ 15°59’ 980 89-00
FR Puy de Dome 45°46’ 02°57’ 1465 95-00
FR Pic du Midi 42°56’ 00°09’ 2877 90-93; 96-98
PT Funchai 32°38 -16°53’ 58 89-99
ES Noia 42 044S -08°55’ 685 95-00
ES San Pablo 39°33 -04°21’ 917 95-00
ES Logrono 42°27’ -02°30’ 445 95-00



TNO-report

TNOMEP — R 2001/244 3 o13

Annex A

Country Site Northern Eastern Altitude Period
Latitude Longitude m a s 1

ES Izana 28°18’ -16°29’ 2370 84-00
IT Monte Cimone 44°l1’ 10°42’ 2165 96-00
TU Uludag 40017e 28°13’ 1685 96-00
BU Sofia 42°39’ 23°23 588 94-00
HU K-Puszta 46°58’ 19°33’ 125 89-00
CS Kosetice 49°35’ 15°05’ 633 93-00
SK Starina 49°03’ 22°16’ 345 94-00
PL Puszcza Borecka 54°09’ 22°04’ 157 96-00
LT Preila 55°20’ 21°00’ 5 82-00
LV Rucava 56°10’ 21°11’ 18 94-00
RU Kislovodsk 43°44’ 42°40’ 2070 89-00
8E Ukkel 50°48’ 04°21’ 10002, 50002 69-00
GR Athens 37059’ 23°44 10002, 50002 91-99
FR OHP 43054e 05°48’ 10002, 50002 84-00

1) LIDAR measurements

2) For sounding sites two altitudes (above ground level) are used.

t .- — -

—

“ - -

ÂÂ 4
-s - -

S

# Soundings Â Ground stations below 1000 m * Ground stations above 1000 m

Figure 5 Location ofsites for which 3D-trajectories (10-day back) wilt be available over the 1979-
2000 period.
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Annex C Invitation to model community

Title: Ozone response to emission changes as a function of model description

Phase 1
An initiative in TOR-2, Michiel Roemer

Questions to be answered in phase 1:
1. what is the model’s response on one or more predefined emission changes?
2. Does the model’s response depends on the process description?
3. What must be the scope and set-up of a large project (phase 2 ) to more thor

oughly address the first two questions?

The model should be run for a base case and for an emission case. As first emission
case it is suggested to reduce anthropogenic nafional totals for all European coun
fries with 30% (NOJ and 50% (NMVOC). In phase 2 (or perhaps later in phase 1)
more sophisticated cases could be considered, for instances cases for specified re
gions and source categories (fraffic in parficular).

A base case consists of one meteorological year, including a shorter episode in that
year (see also output).

Ouestion for modelers: which years (episodes) are available?? Preferably we
should compare as much as possible model runs based on the same meteorological
year.

Suggestion for output, base case and emission case:
A) Ground-level (1-5 m above surface) calculated concentrations for all grid

cells. Species: 03, NO, NO2, OH, CO, and 1-2 selected VOCs.
B) Aggregated output for ozone: Bi) annual mean, winter mean (Nov.-feb.),

summer mean (May-Aug), B2) maximum, P98, P95, P90, P50, P25 of daily
maximum concenfration in the summer.

C) Aggregated output for episode: as under B, but then for episode period only.

Sensitivity runs are performed by rerunning the base case and the emission case
under different conditions. Examples of different conditions are:

1) changing the horizontal or vertical resolution (switch zooming option on or off)
2) changing the VOC/N0 ratio in the anthropogenic emissions (an example bas

been illustrated recently at the EGS meeting in Nice by Sandy Sillmann with
the CHIMERE model)

3) changing the reactivity of the VOC emissions.
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These changes need to be within reasonable margins and need to be specified later
in the project.

The requested information to answer the first two questions will come from the
sensitivity runs and from comparing the resuits of the different models. A descnp
tion of processes in the different models is essential to evaluate the results.

Schedule

June-July response of model groups (yes or no; available meteo, ..)
August defmition of model runs, definition of output
Sept.-Jan. model runs
Feb.-Mar. collecting results, writing summaiy
March. Presentation results Eurotrac 2002

April Definifion of phase 2


